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Summary 

This dissertation consists of three studies that examined the phenomenon of emergent 

awareness following acquired brain injury.  Despite the putative influence that 

impaired emergent awareness can have on rehabilitation outcomes, there are few 

studies that have investigated the potential of improving this debilitating deficit.  In 

the three studies of this thesis an intervention training programme was developed to 

explore the possibility of enhancing online emergent awareness.  Relationships 

between neuropsychological, emotional and accuracy of metacognitive awareness and 

emergent awareness were explored in an attempt to clarify this vital everyday skill. 

 

The first study explored the differences in neuropsychological, emotional and 

metacognitive awareness across levels of emergent awareness in eighty-two 

participants.  Impaired emergent awareness was characterised by high intra-individual 

variability (IIV), poor metacognitive awareness of executive dysfunction and 

cognitive failures.  High emergent awareness was characterised by low IIV and high 

levels of executive behaviour, attention and metacognitive awareness.  Emotional 

state and awareness of frontal systems behaviours did not influence emergent 

awareness.  Knowledge of these relationships is valuable to guiding clinical practice 

in the rehabilitation process. 

 

The second study sought to uncover relationships between emergent awareness and 

metacognitive awareness of executive behaviours, functional competency, and 

cognitive failures in eighty-two participants.  Data were categorised into under-, 
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accurate and over-estimators based on discrepancy scores between self and family.  

Accurate estimators of metacognitive awareness of executive function demonstrated 

higher emergent awareness than under-estimators.  Greater emergent awareness was 

related to greater awareness of cognitive failures.  Higher IIV was related to poorer 

awareness of apathy.  Over-estimation of cognitive failures and greater emergent 

awareness were related. Over-estimators of cognitive failures demonstrated more 

stable IIV than accurate estimators.  Evidence of an interactional rather than 

hierarchical relationship between emergent, anticipatory and metacognitive 

awareness implies that improvement in one may enhance the others. 

 

The third study describes a computer-based intervention programme that was 

developed as part of this thesis to enhance emergent awareness.  Twenty participants 

were required to monitor performance during a sustained attention task administered 

in eight sessions over four weeks.  Ten received feedback-on-error and ten did not 

receive feedback.  A further nine received no treatment.  Emergent awareness 

increased in the treatment groups but not in the no treatment group from pre- to post-

intervention suggesting that repetitive practice may engender processes of error 

detection, evaluation or the deployment of controlled processes that underpin 

awareness deficits following acquired brain injury. 

 

In summary, this thesis has demonstrated that it is possible to enhance impaired 

emergent awareness.  Several characteristics indicative of frontal systems behaviour, 

functional competency and cognitive errors are associated with emergent awareness. 
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Chapter 1 

 

General Introduction 

 

3.1 Introduction 

The prevalence of brain injury in Ireland is estimated at 87 per 100,000 people 

annually (Nangle & McDermott, 2005).  The Stroke Council of the Irish Heart 

Foundation reported that 10,000 cases of stroke are treated in Irish hospitals annually 

(Stroke Council, 2009).  Acquired brain injury/illness (ABI) can be followed by a 

myriad of cognitive, behavioural, emotional and functional changes that can interfere 

significantly with the person’s quality of life (Cicerone, 2004).  One of the most 

insidious effects of ABI is impaired self-awareness (ISA) of deficits.  ISA has been 

cited by caregivers and family as the aspect of brain trauma that most detrimentally 

influences their quality of life (Ergh et al., 2002; Toglia & Kirk, 2000).  

Manifestations of awareness deficits may be evident in disruptive or inconsistent 

behaviour, diminished motivation, inconsistent application to tasks, impaired 

functional competency, frequently making mistakes, little or no goal-directed 

behaviour and the inability to ignore distractions.   

 

ISA of deficits is a common sequela of ABI (Ben-Yishay et al., 1987; Prigatano et al., 

1986; Sherer et al., 2003a; Stuss & Anderson, 2004).  In a comparison of 31 patients 
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with ABI and 31 neurologically healthy individuals, the ABI group demonstrated 

significant awareness deficits of behaviour, cognition, self-monitoring, self-

regulating, self-evaluating and prediction of the impact of deficits on everyday 

behaviour (O’Keeffe et al., 2007a).  Sherer et al. (2003b) reported that 129 patients 

with ABI consistently assessed themselves as less impaired with respect to cognition, 

behavioural, affective and motor/sensory functioning than did their family, significant 

others or clinicians.  A study of 30 patients following ABI indicated that, although 

not statistically significant, 70% of their significant others reported awareness deficits 

to be more severe than did the patients (Port et al., 2002).  Lack of awareness of 

cognitive, behavioural and emotional impairments may impede an individual’s ability 

to: understand the impact of deficits on everyday life (McGlynn & Schacter, 1989), 

participate in rehabilitation (Anderson & Tranel, 1989), set realistic goals and use 

adaptive compensatory strategies (Hartman-Maeir et al., 2002) and return to work 

(Ezrachi et al., 1991).  Awareness is necessary for perseverance, motivation and the 

sustained active effort required for rehabilitation (Trudel et al., 1998; Wilson, 2002).  

Therefore, enhancing self-awareness of deficits is a vital part of the rehabilitation 

process. 

 

Awareness is a multidimensional concept.  The research described above indicates 

that a significant amount of research has investigated the effect of awareness of self-

beliefs about ability, social skills, strategies and affective states on rehabilitation 

outcomes.  Research into awareness of self-monitoring and self-regulation of 

moment-to-moment performance has identified the neuroanatomy of error awareness, 
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detection and correction during continuous performance tasks (Hester et al., 2005; 

Dockree et al., 2005).  However, studies focussing on the amelioration of the 

emergent awareness of performance are under-represented in the literature, especially 

with respect to rehabilitation interventions following brain trauma.  This is an 

important missing link in the current practice of cognitive rehabilitation.  

 

Detecting the correlates and predictors of emergent awareness will be the primary 

goal of the first two studies described in this thesis.  The first study explores the 

effect of neuropsychological and emotional factors on emergent awareness.  The 

second study explores the influences of accurate metacognitive awareness on 

emergent awareness.  The third study seeks to develop an intervention programme 

aimed at improving emergent awareness in individuals who have sustained an ABI.  

The following literature review briefly examines the definitions and measurement of 

awareness, current theoretical models and frameworks for examining this 

multifaceted phenomenon, neuropathology of emergent awareness, guided learning 

using errors and feedback, interventions for improving awareness, and relationships 

between stability of performance and awareness. 

 

3.2 Definitions of Awareness 

Awareness has been described as the “capacity to perceive the ‘self’ in relatively 

‘objective’ terms while maintaining a sense of subjectivity” (Prigatano & Schacter, 

1991, p13).  This idea of viewing oneself from the outside and from the inside at the 
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same time is a “natural paradox of human consciousness” (Prigatano & Schacter, 

1991).  Awareness, therefore, allows for reflection about the ‘self’ and how the ‘self’ 

fits into the social milieu (Stuss & Benson, 1986).  This definition suggests an 

interaction between thoughts and feelings in awareness of one’s own higher cerebral 

functions, and identifies awareness as one of the highest of all integrated functions 

(Prigatano & Schacter, 1991; Stuss & Benson, 1986).  Awareness includes 

knowledge of strengths and deficits, and of tasks and strategies required in everyday 

living.  Awareness is not considered to be a unitary process but rather one that 

involves the highest level of organisation across multiple brain regions (Mesulam, 

1985; Prigatano & Schacter, 1991).  It incorporates self-efficacy and beliefs regarding 

one’s ability to function in cognitive, perceptual, interpersonal, physical, emotional 

and functional domains (Toglia & Kirk, 2000).  Following ABI, awareness of 

physical or sensory deficits is often better than awareness of cognitive deficits 

(Giacino & Cicerone, 1998).   

 

Crosson et al. (1989) and later Toglia and Kirk (2000) identified three types of 

awareness observable in clinical practice: metacognitive or global, emergent and 

anticipatory.  Metacognitive/global awareness includes awareness of knowledge 

about task characteristics, strategies, task complexity, self-efficacy, beliefs, and 

affective states.  In addition, it includes the aspect of knowing how and when one’s 

characteristics and abilities will influence outcomes in all domains of concern such as 

physical, cognitive, interpersonal, perceptual, emotional and functional (Toglia & 

Kirk, 2000).  In summary, metacognitive awareness is all the knowledge and beliefs 
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that are required in every situation or context encountered in everyday life.  Emergent 

awareness encompasses the moment-to-moment awareness of everyday performance 

and requires knowledge of the task at hand and the ability to deal with any anomalies 

between goals and outcomes.  It includes self-monitoring of current cognitive state in 

order to identify errors, self-regulating behaviour to adjust performance according to 

internal feedback from self-monitoring, and self-evaluation to compare beliefs and 

perceptions with outcomes from performance.  There is a constant interrelationship 

between self-monitoring, self-regulation and self-evaluation during the actual 

performance of a task (Toglia & Kirk, 2000).  Anticipatory awareness is the ability to 

predict the affect of personal deficits on future task performance and outcomes.  

While these three aspects of awareness may not be entirely separable on an 

anatomical basis, it has been suggested that metacognitive, emergent and anticipatory 

awareness are both dissociated (Crosson et al., 1989) and integrated (Toglia & Kirk, 

2000) from a psychological perspective.  These features of awareness are explored in 

Chapters 2 and 3.   

 

3.3 Theories and Models of Awareness 

Generic models of self-awareness help to deconstruct it, chart its complexity and 

provide guidance for theoretically based interventions across all rehabilitation 

disciplines.   Barco et al. (1991) described a three-level hierarchical Pyramid Model 

of Awareness (Figure 1.1) which suggests that metacognitive awareness must exist 

before emergent and anticipatory awareness.  The Pyramid Model appeals both 
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intuitively and clinically because of its recommendation that compensatory strategies 

can be devised for each level of awareness thus treating them separately and 

independently of each other.  Barco et al. (1991) suggested techniques such as 

education to increase metacognitive awareness of deficits, note-taking to assist 

anticipatory awareness of memory difficulties and education to promote recognition 

of the relationship between non-verbal cues and behaviour thereby enhancing 

emergent awareness.  However, the hierarchical, linear structure of the Pyramid 

Model has not been empirically supported.  For example, self-awareness at an 

intellectual level is not required for emergent or anticipatory awareness (Abreu et al., 

2001; O’Keeffe et al., 2007a). The Pyramid Model has been criticised for not 

explaining how the different levels operate, why some levels are observed in some 

situations but not in others, for not dealing with implicit self-awareness, for failing to 

address discrepancies in behaviour across skill domains and situations, and for being 

overly simplified (Toglia & Kirk, 2000). 
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Hierarchical Model of 
Awareness

Global Awareness

Online Emergent

Online 
Anticipatory

Awareness of 
Performance 

Awareness of Effect 
of Deficit on future 

Performance 

Awareness of 
Metacognitive Knowledge

 

Figure 1.1: Barco, Crosson et al. (1991) Pyramid Model of 

Awareness 

 

DeHope and Finegan (1999) developed a similar model addressing three types of 

awareness: education/intellectual, improvement/emergent and 

experience/anticipatory.  Improvement in social functioning and independence is 

attributed to improved self-awareness and self-monitoring.  However, no gains at the 

anticipatory level were reported using this model.  A drawback of this model, in 

terms of its practical application, is its sole focus at all levels on self-determination 

through social skills development, which requires repeated community visits from 

professionals to facilitate and manage the effects of real-life experiences (Fleming & 

Ownsworth, 2006; Lucas & Fleming, 2005). 
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Figure 1.2: Toglia and Kirk (2000) Comprehensive Dynamic 

Interactional Model of Awareness 

 

Toglia and Kirk (2000) were also influenced by the concepts proposed by Crosson et 

al. (1989) when they developed their Comprehensive Dynamic Interactional Model 

(CDIM) of Awareness (Fig. 1.2).  However, they proposed that the levels of 

awareness are interactional rather than interdependent or hierarchical.  Emergent 

awareness may activate knowledge and awareness of deficits during task 

performance.  This model takes into account the individual’s knowledge of the task, 

self-knowledge and beliefs prior to task performance (metacognitive knowledge / 

intellectual awareness) and the ability to self-monitor and self-regulate behaviour 

during task performance (online awareness).  Online awareness includes the concepts 

of anticipatory and emergent awareness necessary during a stream of action (Crosson 
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et al., 1989).  The suggestion, that metacognitive awareness does not have to exist 

before emergent awareness can be improved, has received independent support.  

O’Keeffe et al. (2007a) found no association between metacognitive awareness and 

emergent awareness in 31 adults with TBI.  The CDIM acknowledges the 

multidimensional nature of self-awareness and therefore provides a useful clinical 

framework for addressing ISA emanating from metacognitive influences, including 

self-knowledge and beliefs, and/or emergent influences, such as context and culture, 

activated during task performance.  This interactional model is supported in a study 

of the relationship between metacognitive awareness and emergent or anticipatory 

awareness (O’Keeffe et al., 2007a).   

 

Both the Pyramid Model and the CDIM combine awareness and executive processes 

and functions.  The dynamic interactional elements of the CDIM provide the 

opportunity to enhance intellectual/metacognitive knowledge and awareness by 

targeting emergent and/or anticipatory awareness at the task specific level.  

Awareness varies across different activities and contexts and emerges within the 

experience of engaging in an activity (Abreu et al., 2001; Tham et al, 2000).  Toglia 

and Kirk (2000) recommend intervention strategies that include guidance, support 

and structured experiences thus providing opportunities for self-monitoring and self-

evaluation.   

 

Langer and Padrone (1992) proposed a tripartite psychotherapeutic model of 

awareness focussing on potential sources of lack of awareness of deficits; being 

incapable of finding or understanding information; inability to assimilate the 
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information; or the denial or minimisation of information considered too stressful.  

Few studies have explored the efficacy of this model.  Ownsworth (2005) used a 

psychotherapeutic approach to treat denial of disabilities caused by ABI in one 

individual.  Kortte et al. (2003) also suggested the use of psychotherapy to address 

the psychological reaction of denial.  These authors recommended an encouraging 

approach to facilitate the acknowledgement of impairment and enhancement of 

awareness of deficits following ABI.   

 

Biopsychosocial Model

Psychological 
Factors

Social 
Factors

Biological 
Factors

Self 
Personality

Coping
Beliefs

Experience
Knowledge

 

Figure 1.3:  Ownsworth, Clare & Morris (2006) 

Biopsychosocial Framework of Awareness 

 

When considering the presentation and rehabilitation of deficits in awareness, 

clinicians should take into account individual differences in deficit, personality, 

disability, environment, family system, community and occupation (Wilson, 2002).  
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Ownsworth, Clare, and Morris (2006) proposed a Biopsychosocial Framework of 

Awareness (Fig. 1.3) to encompass the subjective experience of self represented in 

neurological, neuropsychological, psychological and psychosocial contexts.  It 

provides for an integration of cognitive neuropsychological factors to explain 

domain-specific unawareness, impaired self-monitoring or awareness deficits, with 

psychological factors including denial, coping style or emotions, and social 

interactions, social values and cultural representations of brain injury/illness.  The 

dynamic nature of this model provides a framework adaptable for all individuals, thus 

making it an appealing option from which to develop clinical practices.  Unawareness 

of deficit caused by neuropsychological factors manifested in poor self-regulation, 

decision-making and safety often interferes with the person’s ability to know that to 

participate in rehabilitation is likely to be of benefit.  This framework acknowledges 

these context-specific requirements, and awareness deficits following ABI have been 

tested in cross-cultural studies (Gainotti, 1975; Prigatano & Leathem, 1993).  

However, there is insufficient evidence to evaluate the capability of this framework 

for dealing with the multidimensional nature of awareness described in Toglia and 

Kirk’s (2000) CDIM (Ownsworth et al., 2007; Yeates et al., 2007).   

 

During online performance of an activity in which emergent and anticipatory 

awareness are observed, metacognitive knowledge and beliefs about the task 

influence performance of that task.  Similarly, both emergent and anticipatory 

awareness of task performance influence metacognitive knowledge and beliefs about 

the task.  This reciprocal and dynamic influence of metacognitive and online 

awareness on task performance is depicted by the CDIM (Toglia & Kirk, 2000) and 
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Ownsworth, Clare and Morris’ (2006) Biopsychosocial Model.  These two models 

are similar in that they acknowledge the interplay of psychological, social, biological 

and environmental factors affecting awareness in a variety of different clinical 

presentations. 

 

Theories of Unawareness 

The phenomenon of unawareness can be explained using different conceptual 

frameworks.  Neurocognitive explanations implicate the nature of brain pathology in 

the origin of unawareness, particularly with regard to lesion location and cognitive 

dysfunction (McGlynn & Schacter, 1989).  Psychological theories identify 

personality style and the use of psychological defence mechanisms to block out 

painful information about the reality of illness or injury (Crosson et al., 1989; 

Gainotti, 1993; Weinstein et al., 1994).  Other explanations suggest that unawareness 

of illness or injury might be socially constructed, or a product of social and 

environmental factors (Clare, 2004; Weinstein & Kahn, 1955). 

 

Unawareness has been identified in individuals following stroke (Appelros et al., 

2007; Hartman-Maeir et al., 2002; Hartman-Maeir et al., 2003), and brain injury 

(BenYishay et al., 1987; Prigatano et al., 1986; Sherer et al., 2003b).  It is therefore 

appropriate to explore its underlying mechanisms and to include awareness training 

in rehabilitation programmes.  Unawareness of deficits has been implicated in: poorer 

compliance with and participation in treatment (Lam et al., 1988; Malec et al., 1991); 

the necessity for supervision in the community post rehabilitation (Malec & 
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Moessner, 2000); greater caregiver distress (Ergh et al., 2002); poorer functional 

status at discharge (Sherer et al., 2003a); and poorer employment outcomes (Ezrachi 

et al., 1991; Sherer et al., 1998a; Trudel et al., 1998)  

 

Prigatano’s (1991, 1999a) model of ISA suggests that widely distributed brain 

regions and networks are implicated in awareness.  Disturbances in self-awareness 

may reflect damage to cortical regions that are considered heteromodal (Mesulam, 

1985) and are responsible for integrating external feedback from the sensorimotor 

cortex, with internal signals received from the limbic system, thereby including 

thoughts and feelings.  This model recognises that different locations of neurological 

lesion can lead to different manifestations of unawareness.  Frontal damage may 

result in ISA of planning or interpersonal skills; parietal damage involves 

unawareness of hemiplegia or unilateral inattention; temporal damage may produce 

unawareness for memory deficits or auditory perception; and occipital damage may 

result in unawareness of visual deficits.  Damage to both hemispheres is often 

associated with complete unawareness, while unilateral damage is usually associated 

with partial unawareness in which psychological coping mechanisms are evident.   

 

A purely psychological perspective on unawareness (Lewis, 1991; Prigatano & 

Weinstein, 1996; Weinstein, 1991) implicates the use of the coping mechanism 

denial, the psychological coping mechanism, as a protection against the painful 

reality of impairment.  The use of denial arises from the neurological damage but is 

unrelated to it.  Weinstein (1991) recommended that awareness training take place 

alongside education in coping strategies to empower the individual and reduce the 
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need for denial.  This implies that neurogenic and psychogenic origins are not 

dichotomous, but that both contribute together or separately during the rehabilitation 

process.   

 

Neurological theories of unawareness propose that the breakdown of components in 

the neurological monitoring system is responsible for unawareness.  The discover 

theory (Cochini et al., 2002; Levine, 1990) claims that acquired deficits are not easily 

recognised following ABI, and must be discovered by self-observation.  However, 

compensatory attention strategies may be required if coexisting attentional deficits 

prevent necessary feedback about impairments.  Similarly, if there are coexisting 

cognitive deficits that prevent reasoning or memory, then discovery may be 

precluded, and training in compensatory strategies to bypass unawareness may be 

necessary (Sohlberg et al., 1998).  Error monitoring is an essential component for 

intact awareness of deficit (Zaidel, 1987).  The feedforward theory (Heilman, 1991) 

hypothesises that awareness relies on a tripartite control loop between the internal 

representation of the intended cognitive product, appropriate feedback about one’s 

actual output, and accurate comparison of the internal representation with that 

feedback (Goldberg & Barr, 1991; Heilman, 1991; Heilman et al., 1998).  According 

to this model, unawareness of sensory deficits such as that exhibited in Wernicke’s 

and sensory aphasias as well as cortical blindness would be attributed to postmorbid 

degradation of sensory feedback of cognitive output or incorrect internal 

representations of the intended output.   
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It is believed that damage to the prefrontal cortex produces extensive and devastating 

cognitive deficits of which the patient is unaware.  This lack of awareness is often 

reflected in often coexisting deficits in “global” and “local” error detection (Zaidel, 

1987).  Lack of global error monitoring often manifests as indifference and 

unconcern about diminished status in life, very compromising cognitive deficits and 

reduced vocational status and/or potential.  Deficits in local error monitoring such as 

perseveration or field-dependent behaviour are often found in patients who have 

sustained frontal lobe damage.  The patient appears unperturbed by constant 

perseveration of incorrect responses even though the correct response is known to the 

person (Luria, 1980).  These types of error cannot be explained by incorrect 

representation of the intended response, degradation in feedback, or faulty 

comparator mechanism, because patients are capable of verbalising the correct 

responses. 

 

Schacter’s (1990) Dissociable Interactions and Conscious Experience (DICE) model 

proposes an overarching conscious awareness system (CAS) that interacts with 

cognitive systems such as memory, perception and attention.  A similar interaction 

exists with an executive system responsible for initiating, planning, regulating and 

monitoring behaviour and ideas.  It is evident from this interconnectedness that any 

damage to the CAS, or disruption to the connections between the CAS and the 

cognitive or executive system may cause domain-specific awareness deficits 

(McGlynn & Schacter, 1989). 
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Agnew and Morris (1998) and later Morris and Hannesdottir (2004) incorporated the 

DICE model into the Cognitive Awareness Module (CAM), which includes the 

concept of perception of success or failure based on a comparison of abilities and 

behavioural activity.  Personal information derived from experience stored in short-

term or long-term memory is then consolidated into semantic memory to form a 

personal database (PDB) that includes information about ability and impairment.  

This information is then used by an appraisal system within the central executive 

system which compares actual experience against the existing PDB to detect success 

or failure.  Awareness of a mismatch is sent to a metacognitive awareness system 

(MAS) which generates metacognitive output or conscious awareness of the poor 

performance or failure.  This model was originally devised by Agnew and Morris 

(1998) to explain three anosognosic deficits in relation to memory failure in 

Alzheimer’s Disease (AD).  Mnemonic anosognosia occurs when the memory 

impairment results in incorrect encoding of the PDB information, which is then used 

in future comparisons.  This erroneous information is passed to the comparator 

system, which then records incorrect information about success and failure.  

Executive anosognosia arises from a breakdown in the executive system or 

comparator mechanism which results in the creation of an incorrect interpretation of 

the failure.  Primary anosognosia occurs when the connection between the MAS and 

consciousness fails.  In this case the implicit system provides the mechanism for 

behavioural adaptation but without any conscious awareness of the process. 
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While this model was originally created to explain how memory impairments may 

contribute to ISA by incorrectly representing information, and hence sustaining 

unawareness in AD, it can also be used to explain cognitive impairments or 

functional changes following ABI (Ownsworth et al., 2006a).  The model does not, 

however, explain the contribution of functional competency, emotions and attention 

involved in ISA of deficits.  This thesis explores the relationship between these 

influencers and emergent awareness.   

 

While the models of unawareness of deficits presented here implicate a variety of 

neural mechanisms in ISA, the precise neuroanatomical processes, neural connections 

and neural networks involved in awareness have yet to be identified.   

 

3.4 Neuropathology of Emergent Awareness 

It is widely acknowledged that while self-awareness or the capacity for self-reflection 

is mainly dependent on the integrity of the frontal lobes, many other brain processes 

and areas are implicated in ensuring that individuals function adaptively by utilising 

past and current emerging information  (Sohlberg & Mateer, 2001; Stuss, 1991).  

Furthermore, damage to brain areas other than the frontal lobes will prevent 

knowledge about specific functions being available to the frontal lobes for use in 

planning, co-ordinating and monitoring behaviour.  Frontal lobe damage is a common 

consequence of brain injury.  The craggy surface structure of the basal skull 

underlying the frontal lobes can cause contusions following traumatic brain injury.  
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Damage to the frontal lobes does not necessarily result directly from brain injury.  

Typically ischemic injuries (strokes) impact brain areas supplied by the middle 

cerebral artery network.  These areas in turn supply nutrients and oxygen to the 

frontal lobes, so even though the frontal lobes are not directly impacted by the initial 

insult, the resultant effect presents as frontal lobe deficits (Chafetz et al., 1996).  An 

important function of the frontal lobes is self-awareness or awareness of deficits or 

insight.  Lack of awareness has been reported as a barrier to successful rehabilitation 

(Sherer et al., 1998b; Prigatano, 1986).  Improving awareness is problematic on 

account of the difficulty involved in determining standard baseline measurements of 

executive function and awareness.   

 

Advances in neuroimaging techniques have provided mechanisms for the 

identification of the specific areas of the brain implicated in various aspects of 

awareness.  Metacognitive awareness is likely to have a diverse neuroanatomical 

substrate depending on the object of awareness, for example: cognitive, affective or 

somatic.  It is generally accepted that parietal lesions may produce hemiplegia, and 

damage to the supramarginal gyrus is related to unawareness for aphasic errors.  

Unawareness associated with knowledge of perceptual or sensory abilities may be 

related to damage in many interconnected, widespread brain regions including the 

posterior and basal brain regions and the prefrontal lobes (Stuss, 1991).  The 

brainstem contains the reticular formation which is implicated in: maintaining 

homeostasis; response to external stimuli conveyed through the mechanism of the 

descending reticular formation; and response to internal intentions and plans formed 
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in consciousness in response to social interaction and subsequent inner speech.  The 

functional patterns of excitation are recruited through the mechanism of the 

descending reticular formation between the cortex and lower systems of the reticular 

formation (Luria, 1980).  Mobilisation of energy emanates from the brainstem and 

requires a link with the mechanisms of memory, the hippocampus and the caudate 

nucleus to facilitate accurate comparison used in the identification of novel situations, 

and manifested in a suitable orienting reflex.  The locus coeruleus (LC), emanating 

from the brainstem, contributes to the regulation of cognitive performance by 

modulating noradrenergic innervation to increase or inhibit responsivity of efferent 

target neurons in response to motivationally salient events during decision-making 

(Nieuwenhuis et al., 2005a, 2005b).  This could affect sustained attention and 

emergent awareness during performance of everyday activities. 

 

Many neural circuits and structures are involved in error awareness (Lehr, 2004).  

The dorsolateral prefrontal circuit, responsible for self-regulation, self-monitoring 

and other executive functions, includes links to the basal ganglia, thalamus, and 

prefrontal cortex.  The lateral orbitofrontal circuit, responsible for empathetic and 

socially appropriate responses, includes links to the basal ganglia, thalamus and 

orbitofrontal cortex.  The anterior cingulate circuit conveys reinforcing stimuli to 

diffuse areas of cortical and subcortical regions and as such is an influencing factor in 

procedural learning and behaviour modification programmes with reinforcement and 

reward (Graybiel & Rauch, 2000).  It includes links to the anterior cingulate gyrus on 

the medial surface of the cerebral cortex, ventral striatum, hippocampus, amygdala, 

entorhinal cortices and thalamus.   
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The anterior cingulate cortex (ACC) has been associated with error diagnosis and 

detection (O’Connell et al., 2007), and with response conflict produced when a 

correct response is in competition with the response being overridden.  Tasks 

requiring a swift response very often involve response conflict.  The ongoing process 

of the stimulus can lead to late activation of the correct response, resulting in 

activation of both the error response and correct response.  An error-related negativity 

potential in the ACC, detected using electroencephalography (EEG), is activated 

during the commission of errors (Falkenstein et al., 2000; Gehring et al., 1993).  

Online error-related ACC engagement has also been supported using fMRI (Carter et 

al., 1998; Braver et al., 2001; Kiehl et al., 2000; Menon et al., 2001; Hester et al., 

2007).  Some studies have implicated the anterior of the ACC in error-related activity 

and response conflict activity (Garavan et al., 2002; Carter et al., 1998).  Others have 

associated the anterior with errors, and a posterior area with both errors and response 

conflict (Kiehl et al., 2000; Menon et al., 2001).  A further study implicates the 

anterior strongly with errors and less strongly with response conflict (Braver et al., 

2001).  Several other performance monitoring studies have implicated, in varying 

degrees, the dorsal ACC, rostral ACC, posterior medial frontal cortex, anterior medial 

frontal cortex and prefrontal cortex (review in Taylor et al., 2007).  Most studies have 

focussed primarily on identifying neural regions involved in error detection.  

However, it is the awareness of errors that enables development of adaptive 

behaviours for future performance, and enhances global awareness (Hester et al., 

2005; O’Keeffe et al. 2007a).  The lateral prefrontal cortex and/or the basal ganglia 
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have been related to error correction (Botvinick et al., 2004; Gehring & Knight, 

2000).   

 

People automatically, swiftly and unreflectively monitor and correct errors based on 

post-decision processing (Rabbitt, 1966; Rabbitt & Rodgers, 1977; Rabbitt & Vyas, 

1981; Rabbitt, 2002).  In contrast, explicit detection and signalling of errors is much 

slower and prone to interference by internal and external distraction (Rabbitt, 2002).  

The use of scalp EEG potentials in an error-monitoring CPT provides a time-locked 

record of the occurrence of positive event-related potential or error positivity (Pe) for 

error detection and an event-related negativity (ERN) for error correction in healthy 

and clinical populations (Falkenstein et al., 1991).  Whereas ERN and Pe have been 

collectively associated with error monitoring, greater insights are gained when these 

components are dissociated (Gehring et al., 1993; Scheffers & Coles, 2000).  ERN 

amplitude is found to be similar for both aware and unaware error correction, whereas 

Pe is prominent only when errors are explicitly detected and awareness of errors is 

evident (Nieuwenhuis et al., 2001).  These findings indicate that error detection and 

error correction are distinct processes that are important for mapping emergent 

awareness through analysis of the Pe during error detection.  The ACC has been 

identified as the source of the ERN (Debener et al., 2005).  The source of the Pe is 

still unclear but it is thought to emanate from widely distributed neural generators in 

the parietal and prefrontal cortex (Linden, 2005). 

 

It can be seen from this description of the areas of the brain involved in error 

detection and correction that damage to any of these areas may contribute to impaired 
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error awareness.  For instance, it is unclear what controls the strength of the LC in 

modulating the noradrenergic responses which affect responsivity of neurons (Hester 

et al., 2005).  Damage to fibres of the reticular formation, disrupting activation and 

regulation of higher nervous structures such as the thalamus, archicortex and caudate 

body as well as the neocortex, may manifest in learning difficulties in the process of 

habituation and sensitisation of responses.  The ability to respond appropriately to 

errors detected during the rehabilitation process of learning from repetitive 

performance has been associated with cognitive failures in activities of daily living 

following ABI (Robertson et al., 1997).  Another area of error processing that has not 

yet been fully explored is the occurrence of a feedback-related negativity (FRN) 

evoked potential, resembling the ERN, indicating the commission of an error (Miltner 

et al., 1997; Luu et al., 2003).  Advances in neuroimaging techniques have facilitated 

a more in-depth scrutiny of the functions and connections in areas of the brain 

involved in awareness.  However, these techniques do not always categorically 

identify the damaged brain areas (Sherer et al., 2005). 

 

Traditionally, CT scans taken within 24 hours of injury have contributed to 

estimation of the expected extent of ISA.  However, damage may develop over time 

after the initial injury, or indeed large haematomas that in the acute stage may have 

very little impact on subsequent self-awareness (Sherer et al., 2005).  Sometimes it is 

difficult to detect lesions in the presence of severe swelling.  In a study of 91 patients 

with TBI, Sherer et al. (2005) found that the number of brain lesions, and not the 

volume or location of the lesions, was predictive of the degree of impaired self-
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awareness.  Furthermore, diffuse axonal injury affecting broadly distributed networks 

may have more effect on self-awareness than focal lesions (Sherer et al., 2005).   

 

3.5 Measurement of Awareness 

Awareness cannot be measured directly and must therefore be inferred through 

interpretation of indirect measures (Sohlberg et al., 1998).  Methods of measuring 

awareness typically fall into three main categories: clinician-rated, discrepancy rating 

and composite method (Markova & Berrios, 2006).  Clinician-rated usually involves 

structured or semi-structured interviews with the patient (Sherer et al., 1998b; Carroll 

& Coetzer, 2011) sometimes combined with clinician-rated scales (Fleming et al., 

1996; Ownsworth, Fleming et al., 2006) and/or information from carers (Ownsworth, 

Fleming et al., 2006).  Discrepancy rating compares the patient’s self-rating with a 

family-rating and/or clinician-rating (Carroll & Coetzer, 2011; O’Keeffe et al., 

2007a).  Composite method involves combining elements from clinician-rated and 

discrepancy rating to get a comprehensive perspective on patient awareness.   

 

Discrepancy scores arising from differences between self- and family-ratings provide 

a numeric representation of the level of awareness that can then be quantified on a 

continuum of scores (Markova & Berrios, 2006).  Metacognitive awareness is 

commonly measured by comparing self-assessment with collaborator-assessment of 

an individual’s performance.  O’Keeffe et al. (2007a) used a composite discrepancy 

score of the Frontal Systems Behaviour Scale (FrSBe: Grace & Malloy, 2002), the 
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Patient Competency Rating Scale (PCRS: Prigatano et al., 1986), the Cognitive 

Failures Questionnaire (CFQ: Broadbent et al., 1982) and the Self-Awareness 

Interview to compare the metacognitive awareness of 31 individuals post ABI with 

31 neurologically healthy controls.  Participants with TBI were found to be 

significantly impaired in composite metacognitive awareness. 

 

The choice of rating scale depends on what element of the patients’ awareness is 

being measured (e.g. maladaptive behaviour, memory deficits, functional 

competency, everyday mistakes).  A clear description needs to be developed to ensure 

that the content of the rating scale is appropriate to measure the specific object of 

awareness (Markova & Berrios, 2006).  In the current thesis the objects of awareness 

are executive function, functional competency and cognitive failures.  These are 

measured using the FrSBe, PCRS and CFQ respectively.  

 

One method of measuring emergent awareness is to observe an individual’s self-

monitoring and self-regulating skills during a naturalistic task.  Errors, observed and 

recorded by the researcher, are classified as either emergent awareness if the 

individual requests advice, or unawareness if no advice is sought during the task 

(Ownsworth et al., 2010).  Naturalistic tasks are familiar everyday activities such as 

preparing a meal, packing a lunchbox or wrapping a present.  Hart et al. (1998) 

pioneered this method of measuring emergent awareness with 18 patients post TBI 

and 18 neurologically healthy individuals.  However, this method of measuring 

emergent awareness has mainly been restricted to small sample case studies 
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(Ownsworth, Fleming et al., 2006; Fleming et al., 1996).  The potential for a broad 

range of behaviour during performance makes it somewhat difficult to use in 

randomised control trials.   

 

Emergent awareness is more amenable to investigation with laboratory controlled 

computer-based continuous performance tasks (CPT) such as the Error Awareness 

Task (EAT: Hester et al., 2005), Sustained Attention to Response Task (SART: 

Robertson et al., 1997) and the Dual-task Attention to Response Task (DART: 

Dockree et al., 2006).  Measuring emergent awareness during a CPT provides a 

controlled environment and a contemporaneous record of emergent awareness, error 

detection and correction, response times and stability of performance.  Typically, the 

individual is asked to click the mouse button for all stimuli displayed on the screen 

except for predefined stimuli to which they withhold response.  They are instructed at 

the beginning of the CPT to verbally indicate erroneous responses to the predefined 

stimulus during performance of the task. These computer-based tasks provide control 

of task duration and speed of stimulus display to increase the likelihood of errors.  It 

is the detection of errors that give the participant the opportunity to demonstrate 

emergent awareness. 

 

Anticipatory awareness is typically assessed by asking participants to predict how 

well they will perform a specific task (Fischer et al., 2004b).  This requires judgement 

of deficits, skills, ability and task complexity which is often impaired following ABI.  

Discrepancy between prediction and actual performance provides a quantifiable 

accuracy of anticipatory awareness.  
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3.6 Interventions for Awareness 

Cognitive rehabilitation is the process whereby an individual with a cognitive deficit 

can undergo non-pharmacological and non-surgical treatment to restore cognitive 

function or to learn compensatory strategies that will assist integration into living 

and/or working environments (Mateer, 2005; Prigatano, 2005; Wilson, 2002).  In 

addition to strategies for remediation or compensation for reduced cognitive abilities, 

consideration must also be given to the person in the context of integrating social, 

emotional and personal aspects of brain injury with cognitive function (Cicerone et 

al., 2000; Sohlberg and Mateer, 2001; Wilson, 2002).  Effective cognitive 

rehabilitation interventions should be founded on systematic scientific investigation 

of recovery processes after brain injury (von Monakow, 1885), knowledge of the 

organisation of higher cerebral functions (Luria, 1980; von Monakow, 1885), and 

consideration of the holistic perspective of the patient’s macrosystem/environment 

(Goldstein, 1942).  More contemporary opinions emphasise the importance of 

improving functional competence in everyday life by addressing the everyday 

manifestations of cognitive deficits (Ben-Yishay & Prigatano, 1990; Sohlberg & 

Mateer, 2001; Wilson, 1997).   

 

Emergent awareness interventions appear to be under-represented in the literature, 

given the putative importance of emergent awareness following brain injury 

(Cicerone et al., 2005).  Even though emergent awareness is a significant barrier to 

rehabilitation (Sohlberg & Mateer, 2001), few studies focus on improving error 
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awareness during task performance.  Possible reasons for this may include difficulty 

in eliciting sufficient numbers of aware and unaware errors in a test environment, and 

difficulty in measuring directly without introspection.  A majority of awareness 

interventions have focussed on improving global/metacognitive awareness (Fleming 

& Ownsworth, 2006; Malec & Moessner, 2000; Ownsworth, Fleming et al., 2006a; 

Port et al., 2002; Sherer et al., 1998a, 1998b).  Lundqvist et al. (2010), in an 

intervention aimed at improving intellectual self-awareness and emergent awareness 

in 21 patients following ABI, reported improvements in intellectual self-awareness 

but not emergent awareness as measured by the Self Regulation Skills Interview 

(Ownsworth et al., 2000b).  The few intervention studies targeting rehabilitation of 

emergent awareness following ABI have mainly used naturalistic tasks, such as 

packing a lunch box, wrapping a gift, or preparing a slice of toast (Hartmann et al., 

2005; Ownsworth, Fleming et al., 2006; Goverover et al., 2007).   

 

Hart et al. (1998) measured error detection, correction and awareness during a 

naturalistic task in 18 participants with TBI and 18 neurologically healthy controls.  

Error correction and awareness were impaired in the TBI group when compared with 

the control group. While these authors set out a comprehensive set of rules to 

interpret awareness through observation of participants’ gestures and verbalisations, it 

may be difficult to assert that errors did indeed reflect awareness deficits rather than 

memory lapse or failure of executive system flexibility of resource allocation.   

 

A randomised control trial intervention using similar tasks was administered by 

Goverover et al. (2007) during nine training sessions for two groups of ten 
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participants following ABI. One group received guided awareness training and the 

other received specific corrective feedback when they encountered a problem.  The 

intervention was based on Toglia and Kirk’s (2000) CDIM. No association was found 

between task specific emergent awareness and general awareness of knowledge and 

beliefs about abilities.  A significant treatment effect was found for self-regulation 

skills, but not for emergent or global awareness.  Naturalistic tasks specific to 

participants’ everyday activities provide an opportunity for self-monitoring of self-

selected goals in familiar settings.  In a 10-week intervention Fleming et al. (2006) 

reported an increase in self-awareness during performance of chosen tasks when 

guidance and feedback were given to adults following ABI.  Familiarity with tasks 

may remove anxiety about performing novel tasks, thus promoting better 

generalisability.  In addition, multicontext approaches provide opportunities for 

guided practice of sufficiently challenging tasks, tailored to simulate everyday living.  

One such task is the Multiple Errands Task (MET: Knight et al., 2002a), a real-world 

multitasking test carried out in a shopping area, which correlates with traditional tests 

of executive function and caregiver accounts of everyday life problems (Knight et al., 

2002b).  Using the MET, along with just enough guidance in self-regulation skills 

and strategy management, provides a framework for improving awareness and 

developing strategies that can be applied across a broad range of everyday tasks 

(Toglia et al., 2010).   

 

Another method of improving awareness was proposed by Ownsworth et al. (2000a), 

who reported gains in self-reported emergent and anticipatory awareness, motivation 
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and strategy assessment, selection and generation in 21 individuals with ABI 

following a 16-week intervention consisting of weekly, 90-minute, group-training 

sessions.  The intervention incorporated elements of cognitive behavioural therapy 

and social skills training.  However, the absence of a control group makes it difficult 

to determine whether a placebo effect resulted from participation in the study.  

Ownsworth, Fleming et al. (2006) focussed on client-selected problem behaviours in 

a single case study utilising error monitoring and feedback.  A decline in error rate, 

an increase in self-corrective behaviours and no change in metacognitive global 

awareness were observed.   

 

Other case studies focussing on behaviour correction by using self-monitoring, self-

regulation, feedback and error correction have reported some generalisation and 

maintenance of improvements (Burke et al., 1991; Cicerone & Tanenbaum, 1997; 

Lira et al., 1983).  Knight et al. (2002b) successfully trained three participants with 

brain injury to use self-monitoring to reduce problem behaviours.  Reduction in 

inappropriate verbal behaviours following self-monitoring training techniques and 

operant conditioning occurred for a patient with herpes encephalitis (Alderman et al., 

1995; Alderman & Burgess, 2003).  Bieman-Copland and Dywan (2000) conducted a 

seven-month behavioural intervention that included verbal feedback with a single 

female participant following TBI.  A reduction in incidence of inappropriate 

behaviours was reported but no increase in awareness of deficits.   

 

These approaches have a certain clinical appeal.  However, conducting a naturalistic 

intervention, measuring outcomes and providing tasks that suit each person may be 
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difficult to achieve with groups of individuals with ABI.  An advantage of using 

naturalistic tasks is that they are familiar everyday activities and their top-down 

approach should facilitate generalisation of gains into other settings and activities 

(Ownsworth et al., 2010).  However, no evidence has been found to support transfer 

of gains to other activities (Fleming et al., 2006; Goverover et al., 2007; Ownsworth 

et al., 2010). This approach also appears less practical for large groups.  Another 

disadvantage is that accurate assessment of performance often requires videotaping 

and observer judgement to distinguish between an error and a possible pre-morbid 

dislike or inherent inability to perform an activity such as wrapping a present.  

Differences between research groups may introduce anomalies in interpretations of 

performance across studies, thereby challenging the integrity of inter-study 

comparisons. 

 

Computer-based Tasks 

A CPT demanding sustained attention in order to identify errors is another method 

which may provide an accurate, unbiased and simple means of improving emergent 

error awareness.  Computerised tasks focussed on maintaining participants’ attention 

within the task increase feedback intervention effectiveness (Kluger & DeNisi, 1996).  

Precisely targeting the attentional system and providing adequate levels of arousal 

reduce possible effects of competing neural circuits (Robertson & Murre, 1999).  As 

awareness is a component of attention, and impaired attention has been associated 

with decreased awareness, a repetitive sustained-attention task that demands several 

error awareness skills, such as monitoring, evaluating and regulating behaviour 
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during performance of a task, could be used to improve error awareness (Hjaltason et 

al., 1996; McAvinue et al., 2005; O’Keeffe et al., 2007b).  Such tasks are typically 

computer-based repetitive CPTs that require responding (‘go’) to a sequence of 

stimuli and withholding (‘no-go’) response to a particular predefined stimulus 

(imperative stimulus) (Hester et al., 2005; Dockree et al., 2005; Hoerold et al., 2008; 

Garavan et al., 2003; O’Connell et al., 2007; O’Keeffe et al., 2007b; McAvinue et al., 

2005).  In some of these studies, participants are instructed to make a different 

response if they fail to withhold response to the imperative stimulus.  However, this 

method could lead to false recording of aware errors if participants unintentionally 

made the aware response to an unsuccessful withhold.  Minimising the instance of 

unconscious false reports could be achieved by instructing participants to verbally 

indicate awareness of error at the time of committing the error (McAvinue et al., 

2005; O’Keeffe et al. 2007a, 2007b). 

 

The Sustained Attention to Response Task (SART: Robertson et al, 1997) meets 

these criteria.  It is a simple go/no-go task that requires clicking the left mouse for 

each number from 1 to 9 displayed in sequence on a computer screen, and 

withholding response to the number 3.  Building on the SART, the Dual-task 

Attention to Response Task (DART: Dockree et al., 2006), introduced an embedded 

endogenous distracter task which required an additional right click to any grey-

coloured numbers displayed.  Neurologically healthy participants and participants 

with ABI performed better on both the SART and DART when they received audio-

feedback for incorrect response to the number 3 than when they received no feedback 

(McAvinue et al., 2005).  Performance of the SART by healthy adults is not affected 
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by the presence of alerting tones, even though fMRI showed that sustained attention 

network activation was diminished (Levine et al., 2006).  Participants with TBI, 

however, do not respond to the tone in the same manner as healthy adults.  Instead of 

right dorsolateral prefrontal activation, right ventral prefrontal and anterior cingulate 

are activated (Levine et al., 2006).  Levine and colleagues suggested that participants 

affected by TBI could be trained to use alerting tones to support and activate their 

impaired endogenous alerting system and therefore enable awareness of levels of 

sustained attention.  Habituation to an alert in experimental conditions may transfer to 

self-alerting and promote improved attention, awareness and goal-directed behaviour 

(Robertson et al., 1995).  Exogenous alerting tones during performance of the SART 

activated brain circuits known to be engaged in goal-directed processes (O’Connor et 

al., 2004).  Endogenous sustained attention systems became less active, but 

performance remained unaffected.  These authors suggested that alerting tones act as 

a cue to maintain the goal state. 

 

CPTs provide a contemporaneous standard record of performance including response 

times and variability of responding.  This makes them suitable for use with large 

numbers of participants in randomised controlled trials. 

 

3.7 Learning with Errors and Feedback 

Bandura (1986) considered errors to be a costly and preferably avoided aspect of 

learning technique.  Errorless learning facilitates quick, effortless acquisition of skills 
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required for routine standard operating tasks (Clark & Voogel, 1985; Frese, 1995).  

Wilson et al. (1997) demonstrated that errorless learning improved retention of 

correct answers in memory-impaired individuals by removing confusing incorrect 

information.  However, there was no concomitant awareness reported and no long-

term effects.   

 

On the other hand, error exposure training, when framed positively, promotes long-

term improvement in awareness of the unexpected when dealing with new and 

complex situations (Carlson et al., 1992; Frese et al., 1991), and facilitates transfer to 

novel situations (Ivancic & Hesketh, 2000).  Errors can act as a prompt by providing 

meaningful feedback to enable activation of different strategies for planning, 

monitoring and evaluating one’s progress (Brown et al., 1983; Ivancic & Hesketh, 

1995/1996).  Error management training provides opportunities to exert emotional 

control in reaction to errors and promote learning (Kanfer et al., 1996; Keith & Frese, 

2005).  Feedback facilitates detection of errors for comparison of the intended goal 

with actual performance outcome in order to evaluate the effectiveness of one’s 

strategies and adjust them accordingly (Carver & Scheier, 1998; Ilgen et al., 1979; 

Sonnentag, 1998).  The process of feedback-on-error focuses participants’ attention 

on the task and facilitates awareness of the deficit causing the error.  This enables the 

individual to modify strategies and plan to anticipate the next occurrence of the target 

stimuli.   

 

Error exposure training encourages mental effort known to enhance transfer of 

learning to other situations (Hesketh, 1997).  Rehabilitation treatment has 
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incorporated many of these ideas over the years.  For example, repetition and 

focussed practice is part of most rehabilitation activity without reference to any 

underlying theory.  It is only relatively recently that the underpinnings of these 

techniques have been questioned and evidence sought to support them (Hillis, 2005).  

Paying attention to purposeful, committed activity promotes learning and subsequent 

reinforcement of new behaviour (Robertson & Murre, 1999).  Further evidence has 

emerged from neuroscientific advances.  Repetition and practice were found to 

increase synaptic activity in experiments with animals that performed complex motor 

skills learning, but not in those that performed motor activity without the learning 

element (Kleim et al., 1998).  Neuroplasticity occurs during learning reinforcement, 

with the formation of new synaptic connections (Backman & Dixon, 1992).  

Subsequently, synaptic effectiveness is increased through attentive, purposeful 

repetition of the activity.  This in turn contributes to the reacquisition of skills, which 

improves synaptic connections, as described by Hebbian learning (Robertson & 

Murre, 1999).   

 

The benefit of learning with errors was supported by research in which a 32 year old 

man was guided through a familiar cooking task using feedback-on-error.  The 

exercise increased the man’s capacity for independent living (Ownsworth, Fleming et 

al., 2006).  McAvinue et al. (2005) found that participants performed better with 

feedback-on-error than without feedback during performance of a ‘go/no-go’ 

computer-based task of attention. 
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3.8 Variability of Performance 

Variability of performance refers to instability of individual performance (intra-

individual variability (IIV)) or between-groups differences of individuals’ 

performances (inter-individual variability) (Stuss & Binns, 2008).  IIV is an 

assessment of performance stability measured by analysing the standard deviations of 

task performance.  Investigating IIV may assist in distinguishing the characteristics of 

impaired emergent awareness.   

 

Measurement of variability of performance is often achieved during individual 

performance of reaction time tasks.  Slowness may be the result of physiological 

limitations, but instability of performance may be indicative of an underlying 

cognitive problem.  Task complexity, type of task, fatigue, psychosocial factors, task 

practice and method of administration are some of the contributors to IIV (Stuss & 

Binns, 2008).   

 

IIV has three dimensions – scatter, dispersion and inconsistency – to explain 

variability of individual performance over different time-scales (Stuss & Binns, 

2008).  ‘Scatter’ is the term used to describe variability in an individual’s 

performance across different neuropsychological tests such as the Wechsler Adult 

Intelligence Scale (Wechsler, 2008) and the Halstead Reitan Battery (Reitan & 

Wolfson, 1985).  Moment-to-moment variability of performance, or ‘dispersion’, is 

typically observed across trials of a continuous testing session such as a computer-

based ‘go/no-go’ task.  Finally, inconsistency of performance refers to the variability 
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observed between different occasions of performing the same task such as before and 

after an intervention programme.  Variability of performance is an important 

indicator in the interpretation of neuropsychological test results (Reitan & Wolfson, 

1985). 

 

Increased IIV has been reported in adults with progressive neurodegenerative disease 

(Hultsch et al., 2000; Strauss et al., 2002; Rentrop et al., 2010), neuropsychiatric 

disorders (Brown et al., 2005) and acquired brain injury (Stuss & Binns, 2008). TBI, 

mild cognitive impairment and focal brain damage have been implicated in ‘scatter’ 

(Sherer et al., 1995), ‘dispersion’ (Segalowitz et al., 1997; Whyte et al., 1995) and 

‘inconsistency’ (Stuss et al., 1994) in performance.  Variability within individual 

performance is crucially important in analysing change (Nesselroade, 1991).  In the 

past, variability has been treated as “noise”, and the mean of performances was 

regarded as the “signal” (Jensen, 1992).  Now, IIV of performance has become an 

important concept in explaining individual change emanating from neurological and 

neuropsychological conditions (Fjell et al., 2007).  Furthermore, in contrast to 

measures of mean task performance, IIV differentiated between high-functioning 

participants with schizophrenia and neurologically healthy controls (Rentrop et al., 

2010).  In recent investigations, increased distractibility in participants with Attention 

Deficit Hyperactivity Disorder was linked to high IIV, and fMRI uncovered a failure 

to deactivate the ventromedial prefrontal cortex when task difficulty increased 

(Fassbender et al., 2010; MacDonald et al., 2008).  Accuracy of task performance was 

associated with IIV in participants with schizophrenia (Kaiser et al., 2008).   
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This body of evidence about IIV and the concepts of dispersion and inconsistency 

demonstrates the value of analysing performance variability following brain injury.  

Unstable performance may be indicative of underlying cognitive, contextual, 

situational or neurological problems that need to be addressed across all areas of 

individual rehabilitation programmes. 

 

3.9 Summary of Literature and Aims of the Present Thesis 

This review of the literature demonstrates the necessarily multifaceted nature of the 

rehabilitation of awareness following ABI.  It incorporates concepts of metacognitive, 

anticipatory and emergent awareness together with IIV, feedback-on-error and 

neuropathology of awareness.  Theories of impaired self-awareness (ISA) implicate 

psychological denial, societal influences, and failure of neural mechanisms in the 

interpretation, storage or retrieval of pertinent information in the perpetuation of ISA.   

 

ISA following ABI, has been strongly associated with a variety of negative outcomes 

in terms of maladaptive behaviour, poor engagement with rehabilitation, poor 

vocational outcome and caregiver burden.  Thus, ISA can add significantly to the 

devastating consequences of ABI.  While all these theories merit consideration 

(having contributed to the discovery of elements of ISA), they individually fail to 

address the multidimensional aspect of self-awareness.  Psychological theories do not 

explain the impact of neuropathology or metacognitive knowledge on ISA.  

Neuropathology theories fail to address contextual influences on ISA.  While the 
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definition of awareness offered by Barco et al. (1991) acknowledges the effect of 

metacognitive knowledge on performance, the Pyramid Model fails to investigate 

these interactions.  Evidence that metacognitive awareness and emergent awareness 

are not interdependent (O’Keeffe et al., 2007a) and that one can enhance the other 

suggests that rehabilitation clinicians may focus on spared emergent awareness in 

order to regenerate neural networks of self-awareness.  The CDIM (Toglia & Kirk, 

2000) and Biopsychosocial (Ownsworth, Clare & Morris, 2006) models provide 

frameworks in which to explore the internal and external influences on emergent 

awareness.  Interventions focussing on online awareness feedback might improve a 

patients’ self-knowledge of their impairments, thus improving metacognitive 

awareness.  Conversely, interventions to improve metacognitive awareness, such as 

education to learn about how to deal with everyday problems might improve the 

ability to detect errors online. Incorporating theoretical principles into clinical models 

such as these provides useful guidance for client-centred, clinical rehabilitation 

practice.   

 

Although it is difficult to clearly differentiate the anatomical substrates of 

metacognitive, emergent and anticipatory awareness, they are commonly 

operationalised as three separate constructs (Fleming & Ownsworth, 2006; Lundqvist 

et al., 2010; Malec & Moessner, 2000; Port et al., 2002; Prigatano et al., 1986; Sherer 

et al., 1998a, 1998b).  The choice of measure depends on the object of awareness 

being measured (Markova & Berrios, 2006).  In this thesis, the object of 

metacognitive awareness is frontal systems behaviours (measured by FrSBe), 
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functional competency (measured by the PCRS) and cognitive failures (measured by 

the CFQ).  The object of emergent awareness is errors committed during performance 

of the DART and EAT and for anticipatory awareness is the accuracy of prediction 

skills on a word-finding task (FAS Fluency Test: Enderby et al., 1987; Spreen & 

Strauss, 1998). 

 

This review of the literature demonstrates that many brain areas and circuits are 

involved in error awareness.  Many of these areas and circuits can be damaged 

following an illness affecting the brain or a traumatic brain injury and this fact guided 

the decision to recruit from both these patient cohorts for this thesis.   

 

Mindful of the vast amount of research into the rehabilitation of metacognitive 

awareness and the scarcity of studies addressing emergent awareness, this thesis 

seeks to elucidate the multidimensional nature of awareness by investigating the 

various influences exerted by psychological factors, neuropathology, metacognitive 

and anticipatory awareness, cognition, and speed and stability of performance on 

emergent awareness.   

 

Study 1 aims to uncover the neuropsychological and emotional characteristics of 

emergent awareness.  In addition, it aims to examine the relationships between 

location of damage and type of ABI (trauma/illness) on emergent awareness.  Finally, 

it aims to determine if metacognitive awareness differed across levels of emergent 

awareness. 
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In Study 2 the main objective is to explore the relationship between metacognitive, 

emergent and anticipatory awareness.  In addition, it aims to explore the relationship 

between accuracy of metacognitive awareness and emergent awareness.  Finally, it 

aims to uncover the relationships between online performance (errors, response time, 

IIV) and accuracy of metacognitive awareness. 

 

In Study 3 the main objective is to develop a computer-based intervention training 

programme incorporating a feedback-on-error feature to enhance error awareness 

following ABI.  In addition it seeks to determine if there is a difference in outcome 

between feedback-on-error and no-feedback-on-error conditions.  It also seeks to 

determine whether any changes occurred in metacognitive awareness, IIV or pattern 

of responding from pre- to post-intervention.  A final aim is to determine if gains 

from the intervention were observed in other similar tasks or executive estimation 

skills. 
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Chapter 2 

 

Study 1 

 

Neuropsychological, Emotional, Self-Report and Family-Report 

Correlates of Emergent Awareness  

 

Abstract 

Emergent awareness of unintentional mistakes in activities of everyday living is often 

impaired following acquired brain injury or illness (ABI).  This study measured 

emergent awareness in 102 ABI participants using the Dual-task Attention to 

Response Task (DART) and the Error Awareness Task (EAT).  Correlations were 

made between emergent awareness level and emotions, neuropsychological test 

scores, self- and family-assessed frontal systems behaviours, functional competency, 

cognitive failures and accuracy of awareness of metacognitive knowledge for 

participants who completed all the measures (N=82).  Results showed that impaired 

emergent awareness was characterised by poorer performance on a range of tests 

sensitive to frontal lobe function indicated by impaired planning and sustained 

attention, slower RTs during monitoring, higher variability in responding, reduced 

awareness of functional competency and reduced awareness of everyday mistakes.  

Emotional state and accuracy of awareness of frontal systems behaviours did not 

affect emergent awareness.  The results suggest that identification of emergent 

awareness capacity could be a key factor for early inclusion in rehabilitation. 
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2.1 Introduction 

Awareness is the ability to assess functional, cognitive and emotional capacities, and 

to accurately judge their impact on activities of daily living (Prigatano and Shacter, 

1991).  Awareness incorporates knowledge and beliefs about context and task 

complexity in adopting and adapting strategies to achieve goals (Toglia, 2005).  

Impaired self-awareness (ISA) has been related to decreased motivation to participate 

in rehabilitation programmes (Lam et al., 1998; Malec et al., 1991), greater caregiver 

stress (Ergh et al., 2002), poorer functional status at discharge (Sherer et al., 1998a), 

unrealistic goal planning (Fischer et al., 2004a), reduced ability to dual-task (Foley et 

al., 2010) and poorer employment outcomes (Ezrachi et al., 1991; Sherer et al., 

2003b; Trudel et al., 1998; Shames et al., 2007, Bjorkdahl, 2010) in patients with 

neurological damage.  Frontal lobe damage is often implicated in ISA (Ranseen et al., 

1990).  However, many studies (described in Chapter 4) have implicated widespread 

neural connections and brain areas in awareness.  Therefore, awareness may be 

severely impaired following interrupted blood-flow or head injury caused by illness 

such as stroke (Appelros et al., 2007; Hartman-Maeir et al., 2002, 2003) or traumatic 

brain injury (BenYishay et al., 1987; Prigatano et al., 1986; Sherer et al., 1998b).  In 

this study, the term ‘acquired brain injury/illness’ (ABI) will refer to any brain injury 

or illness acquired since birth.  The terms ‘awareness’ and ‘self-awareness’ will be 

used interchangeably. 
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Toglia and Kirk’s (2000) model of a comprehensive, dynamic and interactional 

relationship (CDIM) between emergent awareness, anticipatory awareness and 

metacognitive awareness provides a framework to explore the characteristics of 

emergent awareness.  Emergent awareness is the ability to evaluate, monitor and 

recognise errors during task performance.  Anticipatory awareness is the ability to 

predict the effects of deficits on performance (Katz et al., 2005).  Metacognitive 

awareness is knowledge of self-beliefs, affective states, strategies and declarative 

knowledge about one’s abilities (Toglia and Kirk, 2000).  Many studies have 

examined metacognitive awareness following brain injury or stroke (Anderson, 2010; 

Ciurli et al., 2010).  Mapping the neuropathology of emergent awareness has been 

facilitated by advances in neuroimaging and electrophysiology (refer to Chapter 1 

literature review).   

 

Emergent awareness is vital for effective completion of everyday living activities.  

However, little attention has been given to investigating the characteristics of 

emergent awareness in terms of neuropsychology, emotions, neuroradiology or 

chronicity.  O’Keeffe et al. (2007a) acknowledged Toglia and Kirk’s (2000) concept 

of the inter-relatedness of metacognitive, emergent and anticipatory awareness in a 

study comparing levels of emergent awareness across a composite metacognitive 

awareness measure of emergent, anticipatory and metacognitive awareness.  

Participants with TBI and low composite metacognitive awareness of functional 

competency, frontal systems behaviour and cognitive failures were significantly 

impaired in levels of emergent awareness in comparison with participants with TBI 

high composite metacognitive awareness and with controls.  There has been 
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considerable investigation of the associations between factors such as 

neuropsychological characteristics, emotional status and metacognitive awareness, 

but few studies have explored relationships between these factors and emergent 

awareness (McAvinue et al., 2005; O’Keeffe et al., 2007a, 2007b; Ownsworth et al., 

2010). 

 

As outlined in the literature review (Chapter 1) interventions aiming to ameliorate 

impaired emergent awareness following ABI are scarce.  A facilitated group 

discussion and exchange of experiences provided the basis for improving 

metacognitive and anticipatory awareness in 21 participants who were 

neuropsychologically impaired following ABI (Lundqvist et al., 2010).  However, 

although metacognitive knowledge and utilisation of strategies increased, a 

concomitant improvement in emergent awareness was not observed, and 

neuropsychological characteristics were not stated or addressed.   

 

Performance during naturalistic tasks is often used to measure emergent awareness.  

This generally involves participants communicating their difficulties, as they notice 

them occurring during performance of a familiar everyday task such as making a 

meal.  Prompts may be provided by a skilled facilitator.  Combining this method with 

group therapy, Ownsworth et al. (2000a) provided an opportunity for 21 participants 

to address difficulties experienced during performance of their chosen everyday 

tasks.  Emergent awareness was assessed before and after the programme by asking 

participants to retrospectively evaluate difficulties encountered with selected aspects 



61 

of their everyday activities (Ownsworth et al., 2000a).  An association was found 

between emergent awareness and metacognitive awareness and purposive behaviour.  

Some authors suggest that neuropsychological measures are not suitable for assessing 

awareness and that metacognitive processes such as theory of mind would be more 

appropriate (Bach & David, 2006).  On the other hand, Ownsworth et al. (2002) 

demonstrated that both psychological and neuropsychological factors underlie 

emergent awareness and that capacity for volition and purposive behaviour are 

associated with emergent and anticipatory awareness.   

 

Measuring emergent awareness during performance of a continuous performance task 

(CPT), such as the Sustained Attention to Response Task (SART: Robertson et al., 

1997), Dual-task Attention to Response Task (DART: Dockree et al., 2006) or Error 

Awareness Task (EAT: Hester et al., 2005), provided a contemporaneous rather than 

retrospective assessment of emergent awareness in individuals post brain injury and 

in neurologically healthy adults (O’Keeffe et al., 2007b; Hoerold et al., 2008).  Some 

authors recommend the use of more than one assessment instrument in order to gain a 

richer appraisal of awareness rather than one based on a single aspect such as 

behaviour, function or cognitive competency (Clare et al., 2005). 

 

Emergent Awareness and Emotional Status 

There is much debate regarding the link between awareness and emotional stress 

(Mateer & Sira, 2006).  Ownsworth and Fleming (2005) reported an association 

between higher levels of hope for the future and greater recognition of problems in 

everyday activities in 67 individuals with ABI.  Hope may promote optimism and the 
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impetus to achieve goals by adopting strategies which improve emergent performance 

and awareness (Toglia & Kirk, 2000).  Starkstein et al. (1992) found similar 

frequencies and severity of depression among 96 stroke patients with and without 

anosognosia.  Anosognosia was measured by interview and depression was measured 

using the Present State Examination (Wing et al., 1974).  Roberts et al. (2006) 

observed an improvement in HADS-Anxiety and BDI-II (Beck et al., 1996) scores in 

30 participants who had sustained a brain injury following an intervention to increase 

metacognitive knowledge of the neuropathology of their injury.   

 

Heightened awareness of deficits has been cited as a cause of increased depression 

following ABI (Fleminger et al., 2003; Godfrey et al., 1993).  Despite this risk, it is 

important that individuals face the reality of their situation and develop awareness 

and acceptance of their deficits post ABI (Godfrey et al., 1993; Fleming et al., 2006; 

Prigatano, 1999b).  ISA can lead to pursuit of unrealistic goals and subsequent 

failure, disappointment, frustration and depression (Prigatano, 2001).  Improved 

awareness may enable an accurate self-appraisal of deficits and adoption of proactive 

coping strategies to alleviate the burden of living with ABI (Prigatano, 1999b; 

Ownsworth et al., 2002; Godfrey et al., 1993).  Providing emotional support and 

guidance during the process of developing awareness may help patients to deal with 

the frustration of acknowledging the effects of deficits on everyday activities 

(McBrinn et al., 2008; Prigatano, 2001).   
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Reduction in emotional distress and frustration may occur following increased 

awareness of the impact of self-monitoring and self-regulation skills on goal 

attainment during performance of a task (Prigatano, 2001).  Emergent awareness 

requires self-monitoring and self-regulation, and it is expected that improvement in 

these skills may lead to a reduction in frustration and emotional distress resulting 

from inadequate performance and failure to attain goals (Ownsworth & Fleming, 

2005). Lower anxiety scores on the HADS were associated with higher emergent 

awareness, measured during performance of the SART, in healthy adults and 

individuals who had sustained an ABI (O’Keeffe et al., 2007b), and in healthy adults 

who underestimated their levels of apathy, disinhibition and executive dysfunction 

(Hoerold et al., 2008).  

 

Emergent Awareness and Neuropsychological Tests 

The relationships between executive function and emergent awareness can be 

explored in many ways.  Deficits in emergent awareness were associated with 

decreased capacity for problem solving (Independent Living Scales: Loeb, 1996), 

error regulation (FAS Fluency Test: Enderby et al., 1987; Spreen & Strauss, 1998), 

planning (BADS: Wilson et al., 1996) and concept formation (Five-Point Test: 

Regard et al., 1982).  Impaired capacity for purposive behaviour measured during 

performance of the Tinker Toy Test (Lezak, 1995) was associated with low level 

emergent awareness in a study to uncover factors underlying awareness deficits in 61 

participants following ABI (Ownsworth et al., 2002).  TBI can significantly impair 

the capacity to sustain attention and detect and report errors (McAvinue et al., 2005).  

O’Keeffe et al. (2007b) demonstrated that fewer errors of commission on the SART 
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and greater sustained attention on the Test of Everyday Attention (TEA: Robertson et 

al., 1996) were both related to higher levels of emergent awareness in patients post 

TBI and in neurologically healthy individuals.  Relationships between emergent 

awareness and performance on neuropsychological tests provide insight into the 

extensive influence of emergent awareness in directing activities of everyday living.  

Markova and Berrios (2006) emphasise the importance of choosing the appropriate 

neuropsychological assessment and clearly stating the specific phenomenon of 

awareness being appraised, such as metacognitive, emergent or anticipatory, when 

seeking to explore the underlying mechanisms of ISA and the corresponding 

rehabilitation strategies to adopt. 

 

The current study investigates planning, organising, monitoring behaviour, 

minimising errors, cognitive ability and emergent awareness during a sustained 

attention task. 

 

Emergent Awareness and Metacognitive Awareness 

Metacognitive awareness has mainly been addressed by evaluating the discrepancy 

between self and informant metacognitive knowledge.  The discrepancy between self-

report and collaborator-report of behaviours provides an indication of participants’ 

accuracy of perception of behaviour and its impact on others.  However, there are 

disadvantages involved in relying on self-informant discrepancy scores as a reliable 

depiction of awareness.  Informant-report can be an inaccurate portrayal of patient 

ability.  Chittum et al. (1996) reported that informant appraisal of mildly cognitively 
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impaired patients’ financial abilities differed significantly from the patients’ actual 

performances.  Also, individuals may over-report their symptoms in self-report 

measures.  Despite these drawbacks, discrepancy scores are typically used to measure 

both metacognitive and emergent awareness.   

 

Previous studies found associations between family-report of participant behaviour 

and sustained attention but not between self-report and sustained attention 

(McAvinue et al., 2005; Robertson et al., 1997).  Higher emergent awareness levels 

were associated with less-impaired frontal systems behaviour measured using the 

family-rating scale of the Frontal Systems Behaviour Scale (FrSBe: Grace & Malloy, 

2002) and higher family-assessed functional competency using the Patient 

Competency Rating Scale (PCRS: Prigatano et al., 1986) (O’Keeffe et al., 2007a).  A 

tendency to over-estimate daily functioning following ABI may make self-reported 

assessments less reliable than family-reports (Prigatano et al., 1998).   

 

Emergent Awareness and Sustained Attention 

Measuring emergent awareness using naturalistic tasks may be difficult depending on 

the amount of guidance and prompting required by participants during performance.  

Identifying and recalling possible problems after the fact may be difficult and 

unreliable following ABI.  Recording participants’ distinct indication of awareness of 

mistakes as they are made during performance of a simple ‘go/no-go’ task such as the 

SART (Robertson et al., 1997) is another method of determining levels of emergent 

awareness.  Observation of online performance during ‘go/no-go’ computer-based 
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attention tasks often highlights ISA of unintended action slips in TBI participants 

(Hart et al., 1998; McAvinue et al., 2005; O’Keeffe et al., 2004).  

 

Exogenous alerting by stimuli presented in random order on the SART to patients 

post TBI and neurologically healthy controls produced more errors than stimuli 

presented in a fixed predictive order (O’Keeffe et al., 2007b).  However, impulsivity 

of responding to randomly sequenced stimuli was associated with greater emergent 

awareness of errors in TBI and control participants (O’Keeffe et al., 2007b).  These 

findings suggest that increased awareness may be due to unintentional impulsive 

responding rather than to a planned intentional response to stimuli.  Using a 

predictive ordered task to reduce the necessity for impulsive responses may address 

this anomaly.  

 

Attentional drift due to monotony of a predictive fixed sequence of stimuli on the 

SART, such as the repeated presentation of numbers from 1 to 9 sequentially during 

25 trials, required more endogenous maintenance of attention to monitor errors and 

was associated with lower emergent awareness levels in participants following TBI 

(O’Keeffe et al., 2007b).  McAvinue et al. (2005) compared 18 participants with TBI 

with 16 neurologically healthy participants in terms of emergent awareness and 

capacity for sustained attention during performance of the fixed predictive sequence 

SART with endogenous attentional drift and accompanied by an exogenous alert on 

error.  Deficits in sustained attention were strongly associated with low emergent 

awareness levels in participants following TBI (McAvinue et al., 2005).  
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Furthermore, O’Keeffe et al. (2007a) found that successful performance of sustained 

attention tasks was related to higher emergent awareness levels in 31 participants post 

TBI. 

 

Emergent Awareness and Stability of Performance 

Response time (RT) gives an indication of the speed of processing during 

performance of a task, but not of the consistency of performance.  Consistency, 

however, may be more sensitive to underlying instability of information processing 

(Stuss et al., 2003).  Oscillation or stability of performance over the duration of a 

single continuous task is known as intra-individual variability (IIV) (Stuss et al., 

2003).  The terms ‘IIV’ and ‘stability/instability of performance’ will be used 

interchangeably throughout this chapter.  IIV can be affected by task complexity, type 

of task, psychosocial factors, practice and other factors.  Increased age of participant 

has also been cited as a cause of instability of performance (Fozard et al., 1994; 

Shammi et al., 1998; Anstey, 1999).  IIV has been associated with accuracy of 

performance in individuals with schizophrenia and distractibility in Attention Deficit 

Hyperactivity Disorder.  Recent fMRI studies have identified failure in deactivation 

of brain areas in response to increasing task difficulty (Fassbender et al., 2010; 

MacDonald et al., 2008).  However, normal aging produces a general slowing down 

rather than increased oscillation of performance (Salthouse, 1998).  Stuss et al. (2003) 

suggest that fluctuation in IIV may be specific to impairments in discrete cognitive 

processes or general deficits in regulating attention during a task. 
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In order to develop better insight into the characteristics of emergent awareness and 

its impact on performance, an examination of the relationship between IIV and 

emergent awareness is required.  The clinical importance of elucidating this 

relationship lies in its potential contribution to a more in-depth understanding of the 

effects of emergent awareness on performance following ABI.   

 

Emergent Awareness and Location and Type of Injury 

It is generally accepted that damage to the frontal lobes can lead to ISA (Stuss, 2006; 

Ranseen et al., 1990).  However, other brain areas have also been implicated in 

disruption of awareness.  Prigatano and Altman (1990) suggested that bilateral 

damage, rather than focal lesions, was associated with awareness deficits pertaining 

to neuropsychological characteristics in 64 TBI participants.  A study comparing 43 

participants with frontal lobe damage with 69 participants without frontal lobe 

damage, reported that participants with frontal lobe damage were less aware of their 

deficits (Murrey et al., 2005).  Sherer et al. (2005) in a study of 61 patients post TBI 

concluded that awareness was associated with the number of cerebral lesions rather 

than their location or volume.  Many other brain areas and circuits implicated in 

emergent awareness are described in Chapter 1.   

 

Emergent awareness requires the capacity to anticipate and detect errors and to 

override an automatic response with a different response during performance of an 

experimental task or everyday activity.  Anticipation of goals involves the 

dorsolateral prefrontal cortex, parietal lobe (Posner et al., 1984; Navaghi & Nyberg, 
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2005; Thiel et al., 2004) and inferior parietal lobe.  Self-regulation, self-monitoring 

and other executive functions involve the dorsolateral prefrontal circuit and links to 

the basal ganglia, thalamus and prefrontal cortex (Ridderinkhof et al., 2004; Taylor et 

al., 2007).  Monitoring error outcome is thought to be mediated by the posterior 

medial frontal cortex (pMFC) (Ridderinkhof et al., 2004).  The anterior cingulate 

cortex (ACC) has been associated with error detection (Zapf & Reason, 1994; 

O’Connell et al., 2007) and conflict processes (Kiehl et al., 2000; Menon et al., 2001; 

Garavan et al., 2003).  Furthermore, pulling and tearing of fibres following TBI may 

cause diffuse axonal injury, making it difficult to identify damaged connections from 

discrete lesions (Richardson, 2000).  Since awareness is associated with several brain 

areas, and ABI often results in damage to multiple brain areas and their connections, 

it is important to monitor levels of awareness for all patients post ABI and not just 

those diagnosed with frontal lobe damage (Halligan, 2006).   

 

Emergent Awareness and Time Since Trauma 

Research into the effects of time since trauma on awareness following ABI has 

mainly focussed on metacognitive awareness (Prigatano et al., 1990; Port et al., 2002; 

Sawchyn et al., 2005; O’Keeffe et al., 2007a).  It appears that awareness levels are 

lowest in the acute phase directly after trauma and may improve anytime after that, 

even after a year (Fleming & Strong, 1999; Godfrey et al., 1993), but with limited 

improvement over a longer time period (Newman et al., 2000; Ranseen et al., 1990).   

This may be due to the intensity of rehabilitation programmes undergone in the first 

12 months following ABI in comparison with later months.  Despite this trend, Port et 

al. (2002) found that time since injury, for a group of 30 patients who had sustained a 
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TBI, did not predict level of awareness of deficits measured with the Awareness of 

Deficit Questionnaire.  Ownsworth, Desbois et al. (2006) also failed to find an 

association in 50 individuals between change in self-awareness (measured by the 

Self-Awareness Deficits Interview (Fleming et al., 1996)) and time since injury, 

which ranged from 6 months to 12 years.  Even in a large longitudinal study, 

Pagulayan et al. (2007) found no relationship between time since injury and self-

awareness in 120 patients in the acute and post-acute phases following TBI.  An 

intervention to improve impaired emergent awareness, described in Chapter 4, 

indicates that recency of ABI was not a factor in improving emergent awareness.  

 

Emergent Awareness and Severity of Injury 

The Glasgow Coma Scale (GCS) and/or Post Traumatic Amnesia (PTA) are markers 

of disturbances in consciousness and are used in many studies as standard measures 

of severity of trauma (Bach & David, 2006; Bivona et al., 2008; Borgaro & 

Prigatano, 2002; Levin et al., 1987; Prigatano et al., 1998).  Some authors report that 

low GCS and longer duration of PTA are predictors of lower metacognitive 

awareness (Trudel et al., 1998; Prigatano et al., 1998).  These authors did not 

compare PTA with emergent awareness. Morton and Barker (2010) reported that 

injury severity, measured by any two of GCS, PTA, length of coma or 

neuropathology, was associated with impaired emergent awareness in 34 participants 

following injury.  Severity of brain injury contributed to the speed and pattern in 

which 18 patients initially regained some self-awareness, and by one year post-injury, 

severity of injury was not a factor in predicting level of self-awareness (Dirette et al., 
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2008).   Conversely, many studies failed to find any relationship between severity of 

trauma and self-awareness (Ciurli et al., 2010; Anson & Ponsford, 2006; Bach & 

David, 2006; Bivona et al., 2008; O’Keeffe et al., 2007b; Port et al., 2002).   

 

Objectives 

The main objective of the present study is to investigate the characteristics of 

emergent awareness following ABI, in terms of neuropsychology, emotions, 

neuroradiology, chronicity and self- and family-reports of frontal systems behaviour, 

functional competencies and cognitive failures.  O’Keeffe et al.’s (2007b) method of 

measuring emergent awareness by using the DART is replicated in this study and an 

additional emergent awareness measure, the EAT, which draws on executive function 

skills, is also used to provide a more comprehensive measurement.  The concept of an 

interactional relationship between metacognitive knowledge and emergent awareness 

with a dynamic influence from cognition, emotions and neuropsychological 

characteristics warrants exploration.  This study explores these factors, proposed in 

Toglia and Kirk’s (2000) CDIM of awareness, in an attempt to uncover the 

characteristics of emergent awareness (more detail about models of awareness is 

given in Chapter 1).  Specifically the following questions were addressed: 

 

1. Does IIV differ across emergent awareness levels?  This hypothesis 

explores the tenet of a dynamic interactional relationship (depicted in Toglia 

and Kirk’s (2000) CDIM) between emergent awareness and cognition, 

perception, physical domains or external influences such as task complexity 

and psychosocial factors represented by IIV.   
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2. What are the relationships between neuropsychological profile, emotional 

status and IIV, and emergent awareness?  This hypothesis also explores the 

possibility of a dynamic interactional relationship (depicted in Toglia and 

Kirk’s (2000) CDIM) between emergent awareness and neuropsychological 

profiles 

 

3. Do participant neuropsychological profiles differ across emergent awareness 

levels? 

 

4. Does location of damage (frontal lobe, which hemisphere, 

anterior/posterior), type of damage (Diffuse Axonal Injury (DAI), Sub 

Arachnoid Haemorrhage (SAH)) or months since trauma differ across 

emergent awareness levels?  This hypothesis also explores the tenet of a 

dynamic interactional relationship (depicted in Toglia and Kirk’s (2000) 

CDIM) between emergent awareness and physical domain. 

 

5. Are self- and family-rated assessments of metacognitive awareness different 

across emergent awareness levels? 

 

6. Are self/family discrepancy scores of metacognitive awareness different 

across emergent awareness levels?  This hypothesis also explores the tenet 
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of a dynamic interactional relationship (depicted in Toglia and Kirk’s 

(2000) CDIM) between emergent awareness and metacognitive awareness. 

 

7. What factors predict emergent awareness? 

 

2.2 Method 

Participants 

One hundred and twenty participants were assessed for emergent error awareness.  

All participants were recruited from the National Rehabilitation Hospital (NRH), Dun 

Laoghaire, Ireland.  Participants with previous history of neurological condition, 

severe brain trauma, major psychiatric disorder, drug or alcohol abuse or learning 

disability were not included in the study.  From this initial sample of 120 participants, 

82 participants were recruited.  Ten were unable to travel to the test centre, three 

displayed perseveration on the computer-based sustained attention task, two were 

unable to carry out a three-stage instruction for the sustained attention task, three 

were not physically capable of pressing the mouse button, and 20 did not complete 

the full battery of measures because of discharge, busy rehabilitation schedules or 

restrictions of travel.  All participants gave written, informed consent (Appendix A) 

and approval for the study was received from the National Rehabilitation Trust Ethics 

Committee and from the Ethical Review Board of the School of Psychology, Trinity 

College Dublin (Appendix B) in accordance with the 1964 Declaration of Helsinki.  

All participants reported normal or corrected-to-normal hearing and vision.  
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Neuroanatomical evidence of trauma, gathered from the NRH Healthcare Record, for 

each participant is listed in Appendix C.  

 

Demographic details for participants are specified in Table 2.1.   

 

Table 2.1:  Demographic details and mean DART and EAT percent emergent 

awareness 

 MEAN (SD) N=82 

Gender (M, F) 61, 21 

Age at Test (Years)  40.83 (14.04)  

Pre-morbid Full IQ (Measured by NART) 103.8  (12.47) (N=78)
*
 

Years of Education
1 

26, 21, 35 

DART Emergent Awareness Percent  75.22 (28.51)  

EAT Emergent Awareness Percent 72.98 (27.21) (N=80)
*
 

DART and EAT Combined Emergent 

Awareness Percent  74.88 (23.63) (N=80)
*
 

1
Education Level: 12 years or less, School Leaving Qualification, >16years/Further  

*Variable N denotes missing data 

 

Demographic details for the low and high emergent awareness groups are specified in 

Table 2.2.  Low and high awareness are described at the beginning of the Results 

section below. 
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Table 2.2:  Demographic details and mean DART and EAT percent emergent 

awareness for participants by Emergent Awareness Level 

 
Emergent Awareness Level 

 
Low  

Mean (SD) N=41 

High  

Mean (SD) N=41 

Gender (Male, Female) 28, 13 33, 8 

Age at Test (Years)  

 

 

42 (14.37)  

Range = 45.76 

Min, Max = 18.91, 64.67 

39.66 (13.78) 

Range = 50.6 

Min, Max = 18.7, 69.31 

Pre-morbid Full IQ (Measured 

by NART) 104.2 (13.27) (N=38)
*
 103.4 (11.81) (N=40)

*
 

Years of Education
1 

13, 28
1
 12, 29

1
 

DART Emergent Awareness 

Percent  52.34 (23.53) 98.09 (4.35) 

EAT Emergent Awareness 

Percent 63.4 (30.59) (N=39)
*
 82.1 (19.97) 

DART and EAT Combined 

Emergent Awareness Percent  58.9 (23.06) (N=39)
*
 90.09 (10.55)  

1
Education Level: 12 years or less, greater than 12 years.  *Variable N denotes 

missing data 

 

Materials and Methods 

Baseline Measures 

The National Adult Reading Test (NART) was used to provide an estimate of pre-

morbid IQ for each participant (Nelson, 1982; Nelson & Wilson, 1991).  The Hospital 
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Anxiety and Depression Scale (HADS: Zigmond & Snaith, 1983; Appendix D) 

provided a measure of emotional state.  Cognitive function was assessed with the 

Verbal Fluency Test (FAS) (Enderby et al., 1987), Frontal Assessment Battery (FAB) 

(Dubois et al., 2000), and Mini Mental State Exam (MMSE) (Folstein et al., 1975). 

 

Neuropsychological Measures 

Attention 

Attention was measured using the Telephone Search subtest from Test of Everyday 

Attention (Robertson et al., 1996), two blocks of Sustained Attention to Response 

Task (SART) (Robertson et al., 1997, Manly et al., 2003), two blocks of Dual-task 

Attention to Response Task (DART) (Dockree et al., 2006), and two blocks of Error 

Awareness Task (EAT) (Hester et al., 2005).  The SART, DART and EAT were run 

on a laptop using Presentation computer software. 

 

Sustained Attention to Response Task (SART) (Robertson et al., 1997, Manly et al., 

2003)  

The SART (fixed) is a computer-based ‘go/no-go’ response inhibition task that 

displays the numbers 1 to 9 in sequence 25 times.  Participants were requested to 

click the left mouse button for every number (‘go’ targets) except for the number 3 

(‘no-go’ target).  The numbers were displayed in white on a dark grey background, in 

randomly allocated font sizes varying in height from 12mm to 29mm for 900 

milliseconds followed by an inter-stimulus interval of 500 milliseconds.  Intervals of 

1,400 milliseconds from digit onset to digit onset were used.  Erroneous clicks on 
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‘no-go’ targets were recorded by the computer software program as errors of 

commission during performance of the SART.   

 

Dual-task Attention to Response Task (DART) (Dockree et al., 2006)  

The DART is similar to the SART with an additional embedded task that required 

participants to click the right mouse button for every grey-coloured number.  

Throughout each block of 25 repetitions of 1 to 9 there were 22 pseudorandom 

appearances of a grey number (‘distractor’ target) among the numbers 5 to 9 (Fig. 

2.1).  RTs (in milliseconds) and errors were recorded by the computer program. 

 

 

Figure 2.1:  Dual-task Attention to Response Task (DART: Dockree et al., 

2006) 

 

1 2 3 4 5 6 7 8 9 1 2 3 4 5 
‘No-Go’ Target 

DART 

Numbers 1 to 9 

Repeated 25 

times in each of 

two blocks ‘Distractor’ Target 
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Error Awareness Task (EAT) (Hester et al., 2005)  

The EAT is a computer-based ‘go/no-go’ response inhibition task that displays single 

words for colours in fonts congruent with the word, similar to the Stroop (Stroop, 

1935).  The EAT allows the administrator to control the frequency and display 

characteristics of the stimuli and to record RTs (in milliseconds) and errors during 

task performance.  Participants were instructed to click the left mouse button for all 

words where the colour and word corresponded, and to withhold clicking (‘no-go’) 

when they differed or when the same word and colour were repeated one after the 

other.  This task is suitable for all ability levels including neurologically impaired 

individuals as it capitalises on the automatic habitual human tendency to read the 

word rather than the colour.  The words were displayed on a black background for 

900ms followed by a 600ms inter-stimulus interval.  Erroneous responses to the ‘no-

go’ targets were recorded by the computer software as errors of commission during 

performance of the EAT. 

 

Emergent Errors of Commission 

During performance of the CPT, clicking the mouse for a ‘no-go’ stimulus was an 

emergent error of commission.  This included all aware and unaware responses to 

‘no-go’ stimuli demonstrating a level of disinhibition and lapses in attention.   
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Emergent Awareness 

In order to elicit as many errors as possible, the Dual-task Attention to Response Task 

(DART) was chosen because of its capacity for enabling attentional drift (Dockree et 

al., 2006). Its endogenous distractor task, which requires participants to pay attention 

to stimuli presented in grey colour, reduces the amount of exogenous distraction from 

the task.  The Error Awareness Task (EAT) was also used to measure emergent 

awareness during a sustained attention task.  Participants were asked to say ‘hit’ 

during performance of the DART and EAT when they made an emergent error of 

commission.  The researcher recorded these ‘hits’ during performance on a checklist 

shown in Appendix E.  Emergent awareness levels were calculated separately for the 

DART and EAT by dividing the total aware errors of commission by the total 

emergent errors of commission for each test.  A composite awareness score from the 

DART and EAT was used to give a richer assessment of emergent awareness using 

two similar sustained attention tasks that require different cognitive processes.  The 

DART processes numbers and the EAT is a Stroop (1935) test with words.  The tests 

measure different cognitive processes including simple target detection (DART) and 

response inhibition and conflict resolution (EAT) but have in common the same need 

to signal awareness of one’s errors when they occur.  Thus the composite score 

represents a broad index of awareness for a range of cognitive operations.  Figure 2.2 

and the results following it demonstrate that these two measures were correlated and 

therefore related in what they test.  

 

The present study replicates other studies in using sustained attention tasks to 

measure both emergent awareness and emergent errors (McAvinue et al., 2005; 
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O’Keeffe et al., 2007a).  It adds to the body of knowledge by including a second 

measure of emergent awareness – the EAT – to give a more comprehensive 

assessment of awareness and performance.  

 

Intra-individual Variability 

RT variability, recorded by computer software during performance of the DART and 

EAT tasks, was used to investigate differences in stability of performance (intra-

individual variability) between low and high emergent awareness groups (Stuss & 

Binns, 2008).  IIV has been operationalised as the coefficient of variation of RT, that 

is, the ratio of the standard deviation with respect to the mean, and was calculated by 

dividing the standard deviation of RT by the mean of RT. 

 

Perseveration 

Data from participants showing signs of perseveration during a practice of the 

sustained attention task (SART, DART or EAT) were not included in the analysis.  

Perseveration was also identified from family-reports of participants repeating or 

getting stuck on certain behaviours measured by FrSBe item three after injury or 

illness.   

 

Executive Function 

Verbal fluency was assessed using the Verbal Fluency-FAS Fluency and Semantic 

tests (Enderby et al., 1987; Spreen & Strauss, 1998).  A subtest (Modified Six 

Elements) from the Behavioural Assessment of the Dysexecutive Syndrome (BADS) 
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(Wilson et al., 1996) was used to assess each participant’s ability to plan, organise 

and monitor behaviour.  Another subtest (Zoo Map) from the BADS was used to 

assess planning ability to minimise errors.  Participants’ perceptions of their apathy, 

disinhibition and executive dysfunction were determined using the self-report Frontal 

Systems Behaviour Scale (FrSBe: Grace & Malloy, 2002; Appendices F and G).  

Another self-report scale, the Patient Competency Rating Scale (PCRS: Prigatano et 

al., 1986; Appendices H and I), provided participant level of functional competency 

in daily activities.  The Cognitive Failures Questionnaire (CFQ: Broadbent et al., 

1982; Appendices J and K) provided a self-report assessment of how often minor 

mistakes were made in everyday activities. 

 

Metacognitive Awareness 

Discrepancy between participant scores and significant other, family, caregiver or 

friend scores on the FrSBe, PCRS and the CFQ were used as indicators of accuracy 

of participants’ metacognition, perceptions of behaviour, social abilities and 

functional competencies.  Negative discrepancies indicate that self-rating is lower 

than family-rating. 

 

Procedure 

Participants were assessed during two 45 minute sessions.  Informed consent was 

obtained in the first session.  The SART, DART and EAT were also administered in 

the first session.  Participants performed practice trials before performing the full 

sustained attention task (SART, DART or EAT).  Other measures were administered 
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in the second session.  During each session participants were given rests upon 

request.  Sessions were also postponed at participants’ request. 

 

Collaborator-reports of Frontal Systems Behaviour Scale (FrSBe), Patient 

Competency Rating Scale (PCRS) and Cognitive Failures Questionnaire (CFQ) were 

completed by a family member.   

 

Data Analyses 

Analyses of the neuropsychological, emotional and metacognitive influences on 

emergent awareness were carried out by splitting the data into two groups based on 

level of emergent awareness on the DART and EAT.  The groups represented 

participants with low (below the median) and high emergent awareness (equal to or 

above the median).  Data was examined using within and between groups analyses 

provided by the statistical package for social sciences, SPSS 16.0 for Windows (SPSS 

Inc.).   

 

2.3 Results 

Some analyses required categorisation of combined DART and EAT percent 

emergent awareness into two groups: low (below the median) and high awareness 

(equal to or above the median).  Independent t-tests revealed that emergent awareness 

groups (low, high) did not differ in terms of full scale IQ [t(80)=0.57, p>0.05] or 

years of education [t(80)=0.49, p>0.05].  Pearson’s Chi Square Tests indicated that 
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emergent awareness groups did not differ in terms of gender [χ2
(2) = 2.38, p>0.05] or 

level of education [χ2
(2) = 0.54, p>0.05].  As age at date of test was not normally 

distributed, a Mann-Whitney was used to analyse differences between low and high 

emergent awareness level.  No significant differences were found [U=786, p>0.05].   

 

In order to rule out the effect of participant age on emergent awareness and stability 

of performance, Spearman’s Correlations were run and they showed that there were 

no associations between age at date of test and emergent awareness (rho=-.18, 

p>0.05) and IIV (rho=-.11, p>0.05).    

 

The possibility of perseveration during repeat performance computer-based tasks of 

the SART, DART and EAT was assessed using Spearman’s Correlations which 

demonstrated that family-reported perseveration was not significantly related to 

emergent awareness (rho=-0.04, p>0.05).   

 

As outlined earlier, the study sought to address seven key questions.  Results relating 

to each question are presented below. 

 

QUESTION 1: Does IIV differ across emergent awareness levels?   

In order to address this question about possible differences in IIV across emergent 

awareness levels, a set of composite scores representing emergent awareness were 

created. 
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Creating Composite Scores of Emergent Awareness 

 
 

Figure 2.2:  Scatterplot with fit line for DART and EAT percent awareness 

 

O’Keeffe et al. (2007a) combined several measures of emergent awareness to create a 

composite emergent awareness dependent variable.  An expected strong relationship 

between emergent awareness measured by the DART and EAT shown in scatterplot 

in Fig. 2.2 was supported by Spearman’s Correlations supporting the decision to 

operationalise emergent awareness as the average of percent awareness on DART and 

EAT (rho=.43, p<0.01)], and IIV (rho=.7, p<0.01) by averaging DART and EAT 

individual measures.  Table 2.3 lists means, standard deviations and normality 

statistics for emergent awareness and IIV measures. 
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Table 2.3:  Emergent Awareness and IIV: Means, Standard Deviations and 

Normality statistics 

    Normality 

 N Mean SD K-S S-W 

Emergent Awareness Percent 82 75.22 23.45 0.15
**

 0.88
**

 

IIV  (RT Coefficient of 

Variation) 

82 0.28 0.08 0.15
**

 0.91
**

 

**
 Significant (p<0.01).   K-S=Kolmogorov-Smirnov test for normal distribution;  

S-W=Shapiro-Wilk test for normal distribution 

 

Relationship between IIV and Emergent Awareness. 

As the measures were not normally distributed (Table 2.3), Spearman’s Correlations 

were run to explore relationships between emergent awareness and IIV (Table 2.4).  

Higher levels of emergent awareness were significantly associated with greater 

stability of performance on the DART and EAT (rho=-.5, p<0.01).   

 

Table 2.4:  Spearman’s Correlations between emergent awareness and IIV 

 IIV (RT Coefficient of Variation) 

rho, N=82 

Emergent Awareness -.5
**

 

*
 Significant (p<0.05); 

**
 Significant (p<0.01).   
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Is there a significant difference in IIV between low and high emergent awareness 

groups? 

IIV, measured by RT coefficient of variation, is an indicator of stability of 

performance (Stuss & Binns, 2008).  In order to identify the effects of emergent 

awareness levels on IIV, a Mann-Whitney test was run (Table 2.5); this revealed that 

participants with low emergent awareness were significantly more unstable in their 

performance of the DART and EAT than participants with high emergent awareness 

[U=449, p<0.01].  

 

Table 2.5:  Comparison of IIV between Low and High Emergent Awareness 

Groups: Means, standard deviations 

 Emergent Awareness Level Mann- 

 

 

Low, N=41 

Mean(SD) 

High, N=41 

Mean(SD) 

Whitney- 

U 

IIV (RT Coefficient 

of Variation) 

 

0.31 (0.09) 

 

0.25 (0.5) 

 

U=448** 

**
 Significant (p<0.01).   

 

QUESTION 2: What are the relationships between participant neuropsychological 

profile, emotional status and IIV,  and emergent awareness? 

 

Table 2.6 lists neuropsychological measures, means, standard deviations and 

normality statistics.  As all measures were not normally distributed, Spearman’s 

Correlations were run to explore relationships between emergent performance 

measures and neuropsychological measures (Table 2.7). 
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Table 2.6:  Means and standard deviations of neuropsychological measures, 

emotional assessment and IIV for all participants 

    Normality 

Assessment N Mean SD K-S S-W 

BADS  6 Elements 82 2.87 1.15 0.24
**

 0.87
**

 

 Zoo Map 82 1.62 1.54 0.19
**

 0.93
**

 

MMSE 82 27.4 2.57 0.16
**

 0.84
**

 

FAB 82 15.01 2.37 0.2
**

 0.89
**

 

TEA Phone Search       

Total Time 80 112.39 67.99 0.2
**

 0.73
**

 

Items Found 80 18.29 2.86 0.3
**

 0.65
**

 

Time Per Item 80 6.51 4.99 0.23
**

 0.62
**

 

SART  Errors 82 7.66 6.46 0.19
**

 0.85
**

 

Omissions 82 18.32 18.9 0.2
**

 0.8
**

 

HADS  Anxiety 82 6.63 3.38 0.12
**

 0.96
**

 

 Depression 82 5.48 3.36 0.17
**

 0.94
**

 

IIV (RT Coefficient of 

Variation) 

80 -0.01 0.93 0.16
**

 0.9
**

 

*
 Significant (p<0.05); 

**
 Significant (p<0.01).  Variable N denotes missing data.  

K-S=Kolmogorov-Smirnov test for normal distribution; S-W=Shapiro-Wilk test 

for normal distribution 

 

Emergent Awareness relationships with Neuropsychologicals and Emotional Status 

Higher emergent awareness was related to higher overall frontal lobe function, as 

measured by the FAB (rho=.29, p<0.01), lower cognitive impairment on the MMSE 

(rho=.39, p<0.01), greater ability to plan, organise and monitor behaviour in the 

BADS 6 Elements Task (rho=.35, p<0.01), greater ability to minimise errors in the 

BADS Zoo Map (rho=.32, p<0.01), faster search time (rho=-.31, p<0.01), greater 
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number of items found (rho=.37, p<0.01) and lower average time taken to find each 

item (rho=-.41, p<0.01) on the TEA and fewer SART errors (rho=-.42, p<0.01) and 

omissions (rho=-.38, p<0.01).  No significant relationships were found between 

emergent awareness and levels of anxiety and depression as measured by the HADS. 

 

*
 Significant (p<0.05); 

**
 Significant (p<0.01).  Note: Variable N denotes missing 

data. 

 

Table 2.7:  Spearman’s Correlations between emergent awareness and 

neuropsychological tests and emotional assessments. 

 Emergent 

Awareness 
IIV N 

BADS  6 Elements  .35
**

 -.26
*
 79 

 Zoo Map  .32
**

 -.24
*
 78 

MMSE   .39
**

 -.22
*
 82 

FAB   .29
**

 -.11 82 

TEA Phone Search    

Total Time -.31
**

  .29
*
 80 

Items Found .37
**

 -.27
*
 80 

Time Per Item -.41
**

  .41
**

 80 

SART  Errors -.42
**

  .48
**

 82 

Omissions -.38
**

  .45
**

 82 

HADS  Anxiety .07 -.05 82 

 Depression -.11  .16 82 
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IIV Relationships with Neuropsychological and Emotional Status 

Greater IIV was related to greater cognitive impairment on the MMSE (rho=-.22, 

p<0.05), poorer ability to plan, organise and monitor behaviour in the BADS 6 

Elements Task (rho=-.26, p<0.05), lower ability to minimize errors in the BADS Zoo 

Map (rho=-.24, p<0.05), faster search time (rho=.29, p<0.05), lower number of items 

found (rho=-.27, p<0.05) and greater average time taken to find each item (rho=.41, 

p<0.01) on the TEA, and greater number of SART errors (rho=.48, p<0.01) and 

omissions (rho=.45, p<0.01).  IIV was not related to levels of anxiety and depression 

as measured by the HADS. 

 

QUESTION 3: Do participant neuropsychological profiles differ across emergent 

awareness levels? 

 

Is there a difference between low and high emergent awareness with respect to 

Neuropsychological Test Scores? 

As most of the dependent variables were not normally distributed, several Mann-

Whitney tests were run with neuropsychological test scores as dependent variables.  

Significant differences were observed between levels of emergent awareness (low 

and high) and BADS 6 Elements, BADS Zoo Map, MMSE, search time, number of 

items found and average time taken per item on TEA phone search.  Levels of anxiety 

and depression (HADS) (p>0.05), and frontal lobe function (FAB) (p>0.05) did not 

reach significance.  
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Table 2.8 lists means, standard deviations, Mann-Whitney tests which revealed that 

the low awareness group demonstrated significantly poorer skills in planning, 

organising and monitoring behaviour in the BADS 6 Elements Task than the high 

awareness group [U=553, p<0.05].  Furthermore, the low awareness group displayed 

significantly poorer ability to minimise errors on the BADS Zoo Map [U=566, 

p<0.05] and greater cognitive impairment on MMSE [U=560, p<0.01] than the high 

awareness group.  They also found significantly fewer items [U=581, p<0.05] and 

took a longer time finding each item [U=550, p<0.05] on the TEA phone search, and 

committed more SART errors [U=578, p<0.05] and omissions [U=589, p<0.05] 

compared with the high awareness group. 
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Table 2.8:  Comparison of neuropsychological measures and emotional 

assessment between Low and High Emergent Awareness Groups: Means, 

standard deviations, Mann-Whitney-U 

 Emergent Awareness Level Mann- 

 

Assessment 

Low  

(N) Mean (SD) 

High (N=41) 

Mean (SD) 

Whitney- 

U 

BADS  6 Elements (N=38) 2.66 (1.17) 3.2 (1) 553
*
 

 Zoo Map (N=37) 1.27 (1.59) 2.02 (1.33) 566
*
 

MMSE (N=41) 26.63 (2.9) 28.1 (2.04) 560
**

 

FAB (N=41) 14.85 (2.04) 15.22 (2.35) 735.5 

TEA Phone Search    

Total Time (seconds) (N=39) 127.49 (85.66) 94 (34.91) 615.5 

Items Found (N=39) 17.59 (3.54) 18.98 (1.82) 581
*
 

Time Per Item (seconds) (N=39) 7.85 (6.52) 5.03 (1.94) 550
*
 

SART Errors (N=41) 8.98 (6.73) 5.8 (5.2) 578
*
 

 Omissions (N=41) 21.24 (19.88) 12.51 (12.79) 589
*
 

HADS  Anxiety (N=41) 6.37 (3.67) 6.83 (3.15) 770.5 

 Depression (N=41) 5.46 (3.32) 5.39 (3.43) 816.5 

*
 Significant (p<0.05); 

**
 Significant (p<0.01).  Note: Variable N denotes missing 

data. 
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QUESTION 4: Does location of damage (frontal lobe, which hemisphere, 

anterior/posterior), type of damage (Diffuse Axonal Injury (DAI), Sub Arachnoid 

Haemorrhage (SAH)) or months since trauma differ across emergent awareness 

levels?   

 

In order to determine if location or type of damage were significant in predicting 

emergent awareness levels, neuroradiological data were examined with respect to 

level of emergent awareness.   

 

Is there a difference between low and high emergent awareness with respect to 

Neuroradiology Characteristics? 

Appendix C lists the neuroradiological characteristics of each participant.  Several 

Pearson’s Chi-Square Tests were run to examine associations of categorical 

neuroradiology characteristics with emergent awareness levels.  Table 2.9 shows cell 

counts for low and high emergent awareness.   

 

Emergent awareness (low, high) was not associated with type of ABI (brain injury, 

brain illness) [χ
2
(1,82)=2.71, p>0.05, phi =.18], right, left, both or no frontal lobe 

involvement [χ
2
(3,82)= 2.56, p>0.05, Cramer’s V=.18], right, left or both hemisphere 

damage [χ
2
(3,82)= 3.54, p>0.05, Cramer’s V=.21], diffuse axonal injury 

[χ
2
(1,82)=.82, p>0.05, phi=-.1], or sub-arachnoid haemorrhage [χ

2
(1,82)=2.04, 

p>0.05, phi=-.16].  There were insufficient data in expected cell count to analyse 

anterior/posterior location of damage.   
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Table 2.9:  Cell count of neuroradiology characteristics between Low 

and High Emergent Awareness Groups 

 Emergent Awareness  

Cell Count Low High  

Type of ABI Brain Injury 24 31 

Brain Illness 17 10 

Frontal Lobe   Left 2 5 

Right 5 4 

Bilateral 5 8 

Not specified 29 24 

Hemisphere   Left 9 7 

Right 14 8 

Bilateral 12 19 

Not specified 6 7 

Anterior/Posterior Anterior 17 17 

Posterior 1 1 

Both  1 0 

Not specified 22 23 

Diffuse Axonal Injury Yes 8 5 

Not specified 33 36 

Sub-arachnoid 

Haemorrhage Yes 10 5 

Not specified 31 36 
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Is there a difference between low and high emergent awareness with respect to 

Severity of Trauma or Months Since Trauma? 

Severity of trauma was measured by GCS and PTA.  Kruskall-Wallis tests were run 

with emergent awareness groups (low and high) to determine if there were any 

differences in terms of GCS, PTA, and months since trauma.  No significant 

differences were found between low and high awareness in terms of these clinical 

attributes (Table 2.10)   

 

Table 2.10:  Comparison of Clinical Data between Low and High Emergent 

Awareness Groups 

Assessment Emergent Awareness Level Kruskall-

Wallis 

(N) Mean(SD) Low High H Value 

GCS (N=29) 7.9 (4,27) (N=23) 6.26 (4.38) 2.6 

PTA (weeks) (N=36) 6.18 (8.06) (N=40) 5.97 (9)   .27 

Months Since Trauma (N=41) 31.34 (63.86) (N=41) 25.73 (26.72) 2.59 

Note: Variable N denotes missing data. 
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QUESTION 5: Are self- and family-rated assessments of metacognitive awareness 

different across emergent awareness levels? 

 

Were there relationships between emergent awareness and self- and family-

assessment of frontal systems behaviours, functional competencies and cognitive 

failures? 

Table 2.11 shows means, standard deviations, and normality statistics for self- and 

family-report assessment of frontal systems behaviours, functional competencies, and 

cognitive failures.   

 

Table 2.11:  Means, standard deviations, and normality tests of self- and 

family-report measures for all participants 

    Normality 

Assessment N Mean SD K-S S-W 

FrSBe After Injury      

 Self-Rating 81 65.76 20.35 0.09 0.97
*
 

  Family-Rating 78 74.52 20.66 0.07 0.97
*
 

PCRS  Self-Rating 81 118.95 16.5 0.06 0.99 

  Family-Rating 78 107.04 19.21 0.07 0.99 

CFQ Average Self-Rating 80 1.42 .76 0.08 0.97 

   Average Family-Rating 78 2.07 .87 0.12
**

 0.96
*
 

*
 Significant (p<0.05); 

**
 Significant (p<0.01).  Note: Variable N denotes missing 

data. 

K-S=Kolmogorov-Smirnov test for normal distribution; S-W=Shapiro-Wilk test for 

normal distribution 
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Table 2.12 lists Pearson’s Product-Moment Correlation r and Spearman’s Correlation 

rho for relationships between self-report measures with normal or not normal 

distributions (refer to Table 2.11) and emergent awareness.  There were no significant 

relationships between self- or family-assessment of frontal systems behaviours and 

emergent awareness (r>0.05).  Significant associations were observed between higher 

family-rating of functional competencies and higher emergent awareness (r=.25, 

p<0.05).  There were no significant relationships between self-assessment of 

functional competency and emergent awareness (r>0.05).  Higher family-assessed 

frequency of cognitive failures was associated with lower emergent awareness (rho 

=-.24, p<0.05).  Higher self-assessment of cognitive failures and higher emergent 

awareness (r =.27, p<0.05) were related.  No other significant relationships were 

found between self- and family-assessed cognitive failures and emergent awareness 

(r>0.05; rho >0.05).  Chapter 3 will examine the relationships and differences 

between discrepancy scores in terms of under-estimators, accurate estimators and 

over-estimators of metacognition and emergent awareness levels. 
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*
 Significant (p<0.05)  Note: Variable N denotes missing data 

a 
Pearson’s Product Moment Correlation r.   

b 
Spearman’s Correlation rho.   

 

Did Self- and Family-Report scores differ across levels of emergent awareness? 

In order to determine if self-report measures differ across emergent awareness levels 

for variables that were correlated with emergent awareness, Independent t-tests were 

run for family-rating of functional competencies and self-rating of cognitive failures.  

A Mann-Whitney test was run for family-rating of cognitive failures.  None of these 

analyses reached significance.  Table 2.13 shows means, standard deviations, and 

results from Mann-Whitney or t-test for each dependent variable investigated.   

 

Table 2.12:  Correlations between Composite Z-Scores Emergent Awareness, 

IIV and Self- and Family-Report measures 

r / rho Emergent 

Awareness 
IIV N 

FrSBe After Injury    

 Self-Rating
b
 .14 -.02 81 

  Family-Rating
b
 -.16 .07 78 

PCRS  Self-Rating
a
 -.1 .05 81 

  Family-Rating
a
  .25

*
   -.2 78 

CFQ  Self-Rating
a
  .27

*
 -.13 80 

  Family-Rating
b
 -.24

*
 .2 78 
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Table 2.13:  Comparison of Self- and Family-Report measures (PCRS, CFQ) Z-Scores 

between Low and High Emergent Awareness Groups: Means, Standard Deviations, 

Mann-Whitney-U or t-test. 

 

Assessment 

 

Emergent Awareness Level 

Mann-

Whitney-U / 

(N) Mean(SD) Low High t-test 

PCRS Family Total (40) 104.9 (18.09) (38) 108.82 (19.27) t(75.02)= -0.92 

CFQ  Self Average (39) 1.26 (0.73) (41) 1.54 (0.8) t(77.88)= -1.66 

CFQ  Self Distraction (39) 13.33 (8.28) (41) 15.44 (7.51) t(78)=-1.19 

CFQ  Self Memory (39) 6.64 (5.18) (41) 9.39 (6.81) U=618 

CFQ  Self Blunders (39) 8.23 (5.33) (41) 9.93 (5.87) U=679 

CFQ  Self Names (39) 3.1 (2.34) (41) 3.56 (2.23) U=706 

CFQ  Family Average (40) 2.18 (0.87) (38) 1.97 (0.88) U=653.5 

Note: Variable N denotes missing data 

 

QUESTION 6: Are self/family discrepancy scores of metacognitive awareness 

different across emergent awareness levels?   

 

Looking at emergent awareness and performance in context means that 

interrelationships with metacognitive awareness must be addressed.  The concept of 

interaction incorporated in Toglia and Kirk’s (2000) model acknowledges that 

emergent awareness influences and is influenced by metacognitive awareness.  

Discrepancy between self- and family-assessment of awareness of frontal systems 

behaviours, functional competency and cognitive failures are operational 
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representatives of metacognitive awareness.  Relationships between emergent 

awareness and these discrepancy scores analysed using Spearman’s Correlations are 

listed in Table 2.14  Greater awareness of executive dysfunction was related to 

greater emergent awareness (rho=-.26, p<0.05).  Higher awareness of cognitive 

failures was related to higher emergent awareness (rho=-.27, p<0.05).  No other 

relationships were found between metacognitive awareness and emergent awareness 

(p>0.05).  Greater IIV was related to higher awareness of functional competency 

(rho=.26, p<0.05) and lower awareness of cognitive failures (rho=-.25, p<0.05).  

Examining the means for these discrepancies (Tables 2.16 and 2.17) revealed that 

participants perceived themselves to be less functionally capable and more 

cognitively competent than their families did.  Stability of performance was not 

related to awareness of frontal systems behaviours (p>0.05).   
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 *
 Significant (p<0.05).  Note: Variable N denotes missing data 

 

Metacognitive awareness (represented by the discrepancy between self- and family-

rating of frontal systems behaviours, functional competency and cognitive failures) 

was investigated to uncover differences across emergent awareness levels (O’Keeffe 

et al., 2007a).  Tables 2.15 to 2.17 below list means, standard deviations and result 

from Mann-Whitney or t-test. 

 

Table 2.14:  Spearman’s Correlations between Composite Z-Scores  Emergent 

Awareness, IIV and Self/Family Discrepancy Scores (Participant accuracy of 

metacognitive awareness) 

FrSBe Self- vs  

Family-Rating 

Emergent Awareness 

r / rho 

 

IIV 

 

N 

FrSBe After Injury    

Total -.17 -.09 77 

Apathy -.14 -.09 77 

Disinhibition -.13 .01 77 

Executive Dysfunction -.26
*
 -.16 77 

PCRS    Total -.17 .26
*
 77 

CFQ  Average -.27
*
 -.25

*
 76 
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Did awareness of frontal systems behaviours differ across emergent awareness 

levels? 

Table 2.15 shows means, standard deviations and results from Mann-Whitney or t-

test for dependent variables self- minus family-rated discrepancy in apathy, 

disinhibition, executive dysfunction and overall frontal systems behaviours as 

measured by the FrSBe.  Independent t-tests analyses of data categorised into two 

groups based on emergent awareness (low, high) revealed no significant differences 

(p>0.05) in metacognitive awareness (operationalised by discrepancy between self- 

and family-rated assessments) of apathy, disinhibition and overall frontal systems 

behaviours between low and high emergent awareness groups.  A Mann-Whitney test 

revealed a significant difference in metacognitive awareness of executive dysfunction 

between low and high emergent awareness groups (U=580.5, p<0.05).  
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Table 2.15:  Discrepancy between Self- and Family-Rated Frontal Systems 

Behaviour Scale Subscales and Overall Scores: Means, Standard Deviations, F 

Values for levels of Emergent Awareness 

  

Emergent Awareness 

Mann-

Whitney-U / 

FrSBe Self- vs  

Family-Rating 

Low N=39 

Mean (SD) 

High N=38 

Mean (SD) 

 

t-test 

Apathy -15.95 (24.83) -11.34 (27.78) t (75) = -1.18 

Disinhibition -8.38 (22.18) -5.16 (20.81) t (75) = -1.51 

Executive 

Dysfunction 

 

-11.36 (23.38) 

 

-3.03 (25.06) 

 

U=580.5
*
 

Overall Total 

Behaviours 

 

-13.10 (24.93) 

 

-5.95 (28.4) 

 

t (75) = -0.66 

*
 Significant (p<0.05).  Note: Variable N denotes missing data 

 

Did awareness of functional competencies differ across emergent awareness levels? 

Table 2.16 shows means, standard deviations and statistical values of emergent 

awareness groups (low, high) examined using an Independent t-test for parametric 

variables (Self/Family Discrepancy Total, Number Items Self Higher Than Family 

and Number Items Self Same as Family) and Mann-Whitney test for the non-

parametric variable Number of Items Self Lower than Family.  No significant effects 

of functional competency awareness on emergent awareness were observed (p>0.05).   
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Table 2.16:  Self- and Family-Rated Patient Competency Rating Scale: Means, 

Standard Deviations, F Values for levels of Emergent Awareness 

 Emergent Awareness Mann- 

PCRS Self- vs Family- 

Rating 

Low N=40  

Mean (SD) 

High N=37  

Mean (SD) 

Whitney-U/ 

t-test 

Self/Family Discrepancy 

Total  

 

14.95 (23.75) 

 

10.57 (20.09) 

 

t(74.43)=0.15  

Number Items Self 

Higher Than Family 

 

13.88 (7.95) 

 

12.81 (6.2) 

 

t(72.96)=0.66 

Number Items Self 

Lower Than Family 

 

6.18 (5.51) 

 

6.11 (5) 

 

U=668.5 

Number Items Self 

Same as Family 

 

9.85 (4.74) 

 

10.95 (4.2) 

 

t(74.86)=-1.07 

 Note  Variable N denotes missing data 

 

Did awareness of cognitive failures differ across emergent awareness levels? 

Table 2.17 shows means, standard deviations and results of an Independent t-test 

comparing the effects of awareness of cognitive failures between emergent awareness 

groups (low, high).   As the CFQ has different numbers of items for self-rating and 

family-rating scales the average scores were compared.  For participants with high 

emergent awareness, self-ratings of their cognitive failures coincided significantly 

more closely with those of their families (mean average difference between self and 

family =-0.46) than those with low emergent awareness (mean average difference 

between self and family =-0.94) [t(74)=-2.18, p<0.05].   
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Table 2.17:  Discrepancy between Self- and Family-Rated Cognitive Failures: 

Means, Standard Deviations, F Values for levels of Emergent Awareness 

 Emergent Awareness  

CFQ Self- vs Family- 

Rating 

Low 

(N) Mean (SD) 

High 

(N) Mean (SD) 

 

t-test 

Self/Family Average 

Discrepancy 

(38) -0.94 (1.11) (38) -0.46 (0.81) t(74)=-2.18
*
 

*
 Significant (p<0.05).  Note: Variable N denotes missing data 

 

QUESTION 7: What factors predict emergent awareness? 

 

Multiple regression was used to determine the predictors of emergent awareness 

among the dependent variables IIV, SART errors, time taken to find items on the 

TEA, level of cognitive impairment (MMSE), ability to plan, organise and monitor 

behaviour (BADS 6 Elements Task), ability to minimise errors (BADS Zoo Map), 

frontal lobe function (FAB), accuracy of awareness of dysexecutive behaviours 

(FrSBe), and accuracy of awareness of cognitive failures (CFQ).  Three cases that 

exceeded Mahalanobis distance value (26.13) as specified by Tabachnick and Fidell 

(2001) were excluded from the analysis.  Table 2.18 shows the regression statistics 

for each dependent variable.  The variable months since trauma was controlled for in 

model 1 accounting for 1.9% of the variance in emergent awareness.  However, the 

model was not significant [R
2
 change = 0.019, F(1,69)=1.35, p<0.10].  The remaining 

dependent variables were entered at step 2 and produced a significant model [R
2
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change = 0.57, F(9,60)=9.31, p<0.01].  Significant predictors of emergent awareness 

were SART errors [β (standardised regression coefficient)=-0.34,p<0.01], months 

since trauma [β =0.25, p<0.01] and awareness of executive dysfunction behaviours 

(FrSBe) [β =0.22, p<0.05].  There was a trend toward significance for the BADS 6 

Elements Profile (p=0.0720) and the BADS Zoo Map Profile (p=0.0830).   
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Table 2.18:  Multiple Regression – Predictors of emergent awareness 

 B SE B β 

Model 1    

Constant  0.01  0.12  

Months Since Trauma 0 0  .14 

Model 2    

Constant -0.79  0.96  

Months Since Trauma 0 0  .25
**

 

SART Errors -0.04 

 

0.01 -.34
**

 

FrSBe   Executive Dysfunction 

Discrepancy 

 0.01 0  .22
*
 

TEA Time -0.01 0.03 -.05 

MMSE 0.04 0.04  .12 

BADS 6 Elements 0.14 0.07  .18
a
 

BADS Zoo Map  0.10 0.06  .17
a
 

FAB -0.02 0.04 -.06 

IIV -0.12   0.10 -.13 

CFQ Discrepancy 0.14 0.09  .16 

*
 Significant (p<0.05); 

**
 Significant (p<0.01).  a= Trend toward significance 
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2.4 Discussion 

This study used a multidimensional approach to assess emergent awareness following 

ABI.  All hypotheses resulted in a mixed set of findings, which can be summarised as 

follows: 

 

1. Participants with high emergent awareness demonstrated more stable 

performance (as measured by RT coefficient of variation) than participants with 

low emergent awareness.   

 

2. Relationships between participant neuropsychological profile and emergent 

awareness were observed.  Lower frontal lobe function (as estimated by the 

FAB), greater cognitive impairment (MMSE), reduced planning, organising and 

error management skills (BADS), slower search time and impaired sustained 

attention (TEA) were all related to lower emergent awareness.  Greater stability 

of responding was related to higher emergent awareness, better skills in 

planning, organising and error management (BADS) and accuracy of selective 

attention (TEA).  No significant relationships were found between emergent 

awareness and anxiety and depression scales of the HADS. 

 

3. Neuropsychological profile differed across emergent awareness levels.  When 

divided into low and high awareness groups, participants with low emergent 

awareness were significantly cognitively impaired on the MMSE, displayed 
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impaired sustained attention skills in finding items on the TEA phone search 

and in maintaining attention on the SART ‘go/no-go’ paradigm compared with 

participants with high awareness.  Furthermore, the low awareness group was 

significantly impaired in planning, organising and monitoring behaviour in the 

BADS 6 Elements Task.  They demonstrated poor ability to minimise errors on 

the BADS Zoo Map Task and impaired frontal lobe function on the FAB 

compared with participants in the high awareness group. 

 

4. Location of damage (hemisphere, frontal lobe, anterior or posterior damage, 

diffuse axonal injury, sub-arachnoid haemorrhage) was not significantly related 

to emergent awareness.  Severity of damage, measured by GCS and PTA, did 

not differ between low and high emergent awareness groups. There was no 

significant difference in number of months since trauma between the low and 

high emergent awareness groups.   

 

5. Higher emergent awareness in participants was related to greater functional and 

cognitive competence as measured by their family-ratings.  Self-report of 

higher cognitive failures was related to higher emergent awareness. 

 

6. Metacognitive awareness of apathy, disinhibition and functional competency 

were not significantly different across levels of emergent awareness.  Greater 

awareness of executive dysfunction behaviours and greater awareness of 

cognitive failures were related to higher emergent awareness.  Participants with 
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low emergent awareness were significantly less able to assess their everyday 

mistakes and level of executive dysfunction than those with high awareness.  

Greater instability of performance was related to lower awareness of functional 

competency and higher awareness of cognitive failures.  It might be expected 

that performance would be stable when awareness of cognitive failures is high.  

However, higher awareness of cognitive failures may make a person cautious 

and hesitant in performance of cognitive tasks such as the DART and EAT that 

require self-monitoring and self-regulation of behaviour.   

 

7. Predictors of emergent awareness included lower number of errors committed 

on the SART paradigm, awareness of executive dysfunction and months since 

trauma. 

 

These findings highlight some interesting phenomena that have not previously been 

explored.  Exploration of the characteristics of awareness has mainly been 

investigated by addressing metacognitive awareness and emergent awareness 

separately in different studies.  The present study looked at both these concepts 

together among participants following ABI.  O’Keeffe et al. (2007a) first highlighted 

the importance of studying ISA following TBI as a multidimensional phenomenon 

comprising metacognitive, emergent and anticipatory awareness and their 

interrelationships.  Therefore, the current study adopted Toglia and Kirk’s (2000) 

comprehensive, dynamic and interactional model of awareness as a framework for 

exploring the characteristics of emergent awareness.  This model was supported by 

evidence of relationships and differences between aspects of metacognitive 
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awareness, such as knowledge of cognitive failures and dysexecutive behaviours, 

across emergent awareness levels.   

 

Emergent Awareness and Online Performance 

The dynamic aspect of Toglia and Kirk’s (2000) model was illustrated by the 

significant negative relationship between impaired emergent awareness and error 

monitoring and IIV during online performance of the DART and EAT CPTs.  Intact 

emergent awareness was accompanied by fewer errors and omissions during 

performance of the SART, suggesting that practice of this familiar task may enhance 

emergent awareness.  Participants with low emergent awareness were also the least 

accurate assessors of everyday mistakes, which supports earlier evidence of the 

ecological validity of the DART (Robertson et al., 1997; Dockree et al., 2006).   

 

Low IIV is an indicator of stable performance (Stuss & Binns, 2008).  High IIV is a 

common sequela following ABI and has been associated with poor goal 

representation and decreased awareness (Stuss et al., 1994a; Collins et al., 1996; 

Prigatano 2005).  Following ABI, individuals go through a process of getting to know 

about the cognitive changes that have occurred (Toglia & Kirk, 2000).  While they 

observe their failure to achieve goals they may not be aware of the cognitive deficits 

that have contributed to inaccurate goal representation leading to unsuccessful 

outcomes.  This may be due to a breakdown in the neural pathways of the Conscious 

Awareness Module proposed by Morris and Hannesdottir (2004) (described in 

Chapter 1).  In the current study, regardless of age at assessment, performance was 
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significantly more stable in the high emergent awareness group.  This suggests that 

improving emergent awareness may have a positive impact on IIV and maintenance 

of accurate goals, supporting Stuss et al. (1994a), Collins et al. (1996) and Prigatano 

(2005).   

 

Neuropsychological Characteristics of Emergent Awareness 

The importance of better error monitoring, faster reaction time, and less IIV must not 

be under-estimated.  These are basic skills required for activities of everyday life 

(Prigatano & Schacter, 1991).  It is not surprising that they were related to higher 

frontal lobe function, reduced cognitive impairment, and better error management, 

planning and organisation skills.  Furthermore, emergent awareness was predicted by 

lower number of errors committed on the SART paradigm and awareness of 

executive dysfunctional behaviour.  

 

RT is a good indicator of speed of information processing and may reflect 

physiological limitations.  However, fluctuating RTs may be indicative of an inability 

to perform in a stable manner (Stuss & Binns, 2008).  Impaired speed of information 

processing is one of the most commonly reported clinical difficulties following ABI 

(Stuss & Binns, 2008).  An important finding in the current study is that unstable 

performance on the DART and EAT was related to bad planning, organisation and 

error management skills on the BADS, and problems finding items on the TEA phone 

search test.  Furthermore, greater instability of performance was related to lower 

search time and fewer items found.  Such variability of performance may provide 
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evidence of an underlying cognitive problem that needs to be addressed to provide 

optimal participation and learning in rehabilitation (Stuss & Binns, 2008).  It could 

also point to neuropathological damage that impairs neural connections involved in 

cognitive processes and performance monitoring such as the anterior cingulated 

cortex (Taylor et al., 2007). In addition, participants with low emergent awareness 

levels displayed impaired frontal lobe function and were significantly impaired in 

planning, organising and error management.  These skills are likely to be essential for 

transferring learning from rehabilitation to everyday responsibilities.   

 

Emergent Awareness and Emotional Status 

Emotional distress in the form of depression and anxiety is often an undesired, yet 

understandable, consequence of improved metacognitive awareness (Mateer & Sira, 

2006).  In previous research, both reduced and heightened levels of anxiety and 

depression have   been linked to improvement in metacognitive awareness and high 

emergent awareness (Roberts et al., 2006, O’Keeffe et al., 2007b; Fleminger et al., 

2003; Godfrey et al., 1993).  The current study did not identify a link between anxiety 

or depression and emergent awareness level.  It is clear, from the somewhat 

inconsistent and wide range of findings in previously reported studies, together with 

the lack of significant findings in the current study in relation to emotional distress, 

that the relationship between emotional distress and awareness following ABI is 

complex.  It is known that emotional distress can be a significant factor following 

ABI (McBrinn et al., 2008; Seel et al., 1997; Fleming & Ownsworth, 2006).  It may 
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be that the complexity of emotional distress is too difficult to capture as a predictor of 

awareness 

 

Emergent Awareness and Location and Type of Injury 

It can be seen from the literature that various brain areas are implicated in the 

regulation of metacognitive awareness.  Therefore, no single location of damage may 

be viewed as being solely responsible for maintaining awareness levels (Halligan, 

2006).  Previous research focussed mainly on metacognitive awareness.  The current 

study did not find evidence of an association between specific location (hemisphere, 

anterior/posterior, or lobe) of damage and emergent awareness, which may imply 

support for the view that awareness activates widespread brain regions and 

connections (Halligan, 2006).   

 

Emergent Awareness and Time Since Trauma 

In line with research into the recency of trauma with respect to metacognitive 

awareness, results here indicated that those with lowest awareness levels were within 

three years of sustaining a trauma (Fleming & Strong, 1999; Godfrey et al., 1993).  

Some researchers believe that there is little chance for recovery of metacognitive 

awareness as time goes by after trauma.  However, evidence of improved emergent 

awareness and performance following practice of a  sustained attention and awareness 

task by participants who were on average three years post-trauma is an encouraging 

finding (refer to Chapter 4).  McAvinue et al. (2005) reported improvement in 
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emergent awareness, in 16 patients with closed head injury, but these authors did not 

specify months since trauma.   

 

Emergent Awareness and Severity of Injury 

In the current study, no relationships were found between severity of injury, 

measured by GCS and PTA, and emergent awareness levels.  Langhorn et al. (2010), 

in their review of PTA interventions, found little focus on early non-medical 

intervention to alleviate the duration of PTA.  Although crucial to outcome following 

ABI, severity of injury is under-explored in awareness studies (Morton & Barker, 

2010).  How severity of injury is measured is a controversial topic as so many 

different predictor variables are used (Cappa et al., 2011).  This may be why severity 

of injury as measured by GCS and PTA was not associated with emergent awareness.  

 

Emergent Awareness and Self- and Family-Assessment of Behaviour  

Higher/lower self-rating compared with family-rating on the PCRS (Prigatano et al., 

1986) is commonly interpreted as unawareness of deficit (Fleming, Lucas & 

Lightbody, 2006; Prigatano et al., 1998; Leatham et al., 1998; Sherer et al., 2005; 

Murrey et al., 2005).  In the current study, higher family-rating of functional capacity 

was associated with greater emergent awareness levels and self-rating was not related 

to emergent awareness.  Furthermore, lower self-rating and higher family-rating of 

cognitive competency measured by the CFQ (Broadbent et al., 1982) were related to 

greater emergent awareness levels.  Although it is widely accepted that family-
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assessment is more reliable than self-assessment for individuals who have sustained 

an ABI, relying on one over the other may lead to incorrect judgement of individual 

potential, capacity and prognosis for rehabilitation.  These anomalies between self- 

and family-ratings highlight the importance of considering the discrepancy between 

the ratings when assessing the impact of metacognitive awareness on emergent 

awareness.   

 

Emergent Awareness and Metacognitive Awareness 

The PCRS questionnaire (Prigatano et al., 1986) of self- and family-reports is 

commonly used to assess metacognitive awareness (Fleming, Lucas & Lightbody, 

2006; Prigatano et al., 1998; Leatham et al., 1998; Sherer et al., 2005; Murrey et al., 

2005).  Discrepancy between self- and family-assessments of behaviours gives an 

indication of the accuracy of awareness of behaviour and its impact on others.  In the 

current study, three questionnaires – the FrSBe, PCRS, and CFQ – were utilised to 

get a comprehensive assessment of metacognitive awareness.   

 

In contrast to O’Keeffe et al. (2007a), the current study found relationships between 

emergent awareness and aspects of metacognitive awareness.  The finding that 

awareness of executive dysfunction and cognitive failures was higher among 

participants with high emergent awareness reinforces similar reports by O’Keeffe et 

al. (2007a).  The current study has added to this knowledge by establishing that IIV is 

also better in those with high rather than low emergent awareness.   
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Awareness models such as the CDIM (Toglia & Kirk, 2000) and Biopsychosocial 

(Ownsworth, Clare & Morris, 2006) posit a constant dynamic interaction between 

stored knowledge, beliefs and affective states along with influences from self-

monitoring abilities such as cognitive and perceptual deficits, fatigue, context and 

task difficulty.  The finding in the current study that metacognitive awareness differs 

between individuals with low or high emergent awareness, and is linked to stability of 

performance, provides support for these models and is also clinically important.  The 

prospect that emergent awareness could be improved with a concomitant 

improvement in metacognitive awareness has the potential to be very beneficial for 

the rehabilitation process.  This finding will be elaborated in Chapter 3 of this thesis, 

which will attempt to clarify the metacognitive characteristics of emergent awareness.  

Awareness of executive dysfunction behaviour was found to be a predictor of 

emergent awareness.  Neither awareness of cognitive failures nor awareness of 

functional competency was a predictor of emergent awareness. 

 

Strengths and Limitations 

This study involved a comprehensive investigation of the characteristics of emergent 

awareness following ABI.  Unlike other studies which included only TBI, it also 

incorporated participants following stroke to enable comparison of emergent 

awareness levels in both groups.  A drawback of other studies is that only one 

measure of awareness is often used, which tended to measure metacognitive 

awareness only.  In the current study, several measures of awareness were utilised to 

gain more in-depth knowledge.  One major implication of this study is its 
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contribution to the growing knowledge base about emergent awareness.  Knowledge 

of relationships between emergent awareness and neuropsychological characteristics, 

IIV and PTA has the potential to guide clinical practice at an early stage in the 

rehabilitation process.  Spared emergent awareness could be used to include 

participants in cognitive tasks who may not be capable of participating in physically 

demanding rehabilitation activities.  Consistency of performance within and across 

activities may be an indicator of underlying cognitive or timing problems which may 

need to be addressed in order to ensure optimal participation in multidisciplinary 

rehabilitation therapies. 

 

It is possible that a naturalistic task may have uncovered a more realistic measure of 

emergent awareness, because of the implied ecological validity of same.  However, 

the purpose of the current study is to further explore the characteristics of emergent 

awareness and future research can apply this to functional and ecologically valid 

tasks.  Naturalistic tasks such as packing a lunch box typically require the ability to 

associate between items used in each step such as linking relevant ingredients with 

lunch, a skill that may be impaired following ABI.  Furthermore, many naturalistic 

tasks demand physical co-ordination and dexterity, which often are adversely affected 

by ABI.  Individual performance standards are generally not factored into naturalistic 

tasks and therefore the person may not think they made an error.  These problems 

could lead to mistakes in performance of the task being recorded by the researcher as 

unawareness instead of another problem such as frustration at physical competence 

caused by ABI or inherent personality differences.  Another argument against using a 
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naturalistic task in the present study was the timescale involved in administering, 

observing and validating the task on a large sample.   

 

Computer-based tasks provide a contained environment where external distraction 

can be limited and an accurate depiction of in-the-moment emergent awareness of 

lapses in attention and concomitant errors can occur.  A computer-based task helps to 

keep attention within the task because it is a continuous simple task that requires 

sustained attention and minimal planning or strategy.  Future research might look at 

the possibility of comparing individuals’ emergent awareness during performance of 

a naturalistic task with their emergent awareness during a computer-based task of 

sustained attention such as the DART and EAT paradigms.  This would provide 

information about the relationships between these two methods of measurement for 

the same sample of individuals.  The aim of this thesis was to find the correlates of 

emergent awareness and to determine if emergent awareness could be ameliorated by 

training using a simple computer-based task that was portable and easily accessible to 

many individuals following ABI regardless of physical impairments or personal work 

standards. 

 

Conclusion 

In conclusion, this study supports the multidimensional nature of awareness 

suggested by Toglia and Kirk (2000).  The use of a CPT to measure emergent 

awareness provided the opportunity for conceptualisation and appraisal of the task 

and situation (Toglia & Kirk, 2000).  It has focussed on uncovering the correlates of 



119 

emergent awareness with respect to neuropsychological characteristics, stability of 

performance, emotional status, and some aspects of metacognitive awareness.  

Previous research has generally considered awareness in terms of composite 

awareness incorporating metacognitive and sometimes emergent awareness.  In 

addition, the method of measurement differed across studies.  Different measures of 

‘object of insight’ across studies make comparison between those studies difficult 

(Markova & Berrios, 2006).  It is clear from the present study that high emergent 

awareness was characterised by better sustained attention, planning, organisation and 

error management skills.  On the other hand, low emergent awareness was typically 

accompanied by impairment of frontal lobe function, cognitive ability, selective 

attention, error monitoring, planning and organisation skills.  IIV – the ability to carry 

out activities in a stable manner – was impaired in participants with low awareness.  

Performance fluctuation has the potential to negatively influence rehabilitation 

efficacy.  It is often overlooked in rehabilitation and consequently individuals with 

ABI may be considered to be malingering or not exerting full effort on tasks rather 

than incapable of maintaining a stable performance across different activities or even 

within the same activity (Stuss & Binns, 2008).  Minimising IIV should be a goal of 

rehabilitation (Stuss & Binns, 2008).   

 

The finding that emergent awareness is related to some but not all aspects of 

metacognitive awareness suggests that the relationship between metacognitive and 

emergent awareness is not hierarchical.  However, the interactional nature of this 

relationship suggests that the dynamic relationship described by the CDIM (Toglia & 

Kirk, 2000) or Biopsychosocial model (Ownsworth, Clare & Morris, 2006) rather 



 

120 

 

than the hierarchical relationship depicted by the Pyramid Model (Barco et al., 1991) 

is a more accurate description of the relationship between emergent awareness and 

metacognitive awareness.  Therefore, it may be deduced that improvement in 

emergent awareness does not require metacognitive awareness to be in place.  

 

Discovering the relationships and impact of emergent awareness is important for 

rehabilitation.  Advances in neuroscience continue to elucidate the neuropathology of 

emergent awareness (Fassbender et al., 2010; Garavan et al., 2002, 2003; Hester et 

al., 2009; O’Connell et al., 2007, 2009).  Elucidation of characteristics of emergent 

awareness in the present study will serve to further extend this knowledge base.  

Furthermore, knowledge of possible causes of impaired emergent awareness is 

essential to guiding best clinical practice in rehabilitation for individuals who have 

sustained an ABI.  The associations found between emergent awareness and self- and 

family-assessments of functional and cognitive ability warrant further investigation of 

common awareness impairments following ABI.  The finding that self-rated 

metacognitive knowledge was not associated with emergent awareness while family-

ratings were implies that without the evaluation of emergent awareness this capacity 

may go unnoticed.  Knowledge of spared emergent awareness capacity may provide 

an opportunity to use that ability at an early stage in the rehabilitation process in 

conjunction with other therapies.  This may lead to more proactive approaches to 

early intervention of PTA by utilising spared emergent awareness (Thorn, 2000).  

Many studies, including this one and that reported in Chapter 3, demonstrate that 

simple computer-based continuous performance tasks such as the SART and DART 
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are suitable for use by patients with cognitive and/or concomitant physical disabilities 

and can be used to contemporaneously record emergent awareness levels.  

Knowledge of a patient’s level of emergent awareness can facilitate the rehabilitation 

team in guiding patients through performance tasks that enhance self-monitoring, 

self-evaluation and self-regulation skills.  As awareness increases so too the difficulty 

of the tasks could be increased to provide a sufficient challenge to encourage 

improvement (Bandura, 1997).  In this way, learning through experience could 

potentially improve emergent, anticipatory and metacognitive awareness.  

Systematically incorporating assessment of emergent awareness capacity into 

evaluation processes on admission to rehabilitation may provide an opportunity to use 

that ability as a gateway to early rehabilitation intervention in a multimodal approach.   
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Chapter 3 

Study 2 

Metacognitive Awareness Correlates of Emergent Awareness 

 

Abstract 

 

Metacognitive awareness often becomes impaired following acquired brain injury 

(ABI).  This study explores differences in emergent awareness and variability of 

responding across metacognitive awareness levels in 82 participants following ABI.  

Emergent awareness was measured using the Dual-task Attention to Response Task 

(DART) and the Error Awareness Task (EAT).  Metacognitive awareness was 

measured in terms of observed everyday executive function changes using the FrSBe, 

functional competency using the PCRS, and cognitive failures using the CFQ.  Data 

were categorised into under-estimators, accurate estimators and over-estimators based 

on self-rated scores being more than 5 points below family, within +/- 5 points of 

family, or more than 5 points higher than family scores, respectively.  Accurate 

estimators of executive function behaviours had higher emergent awareness than 

under-estimators.  Accurate estimators of metacognitive awareness of cognitive 

failures showed more stability of performance than over-estimators.  Under-

estimators demonstrated more instability of performance than over-estimators. The 

variety of findings from different instruments emphasises the importance of 

considering the multidimensionality of metacognitive awareness.  
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3.1 Introduction 

Impaired awareness of deficits is often observed following brain injury or stroke.  

Awareness is a vital part of everyday life.  Social interaction depends upon 

participants knowing the impact of their actions on others.  For example, participating 

in a simple conversation draws on many aspects of awareness.  Emergent awareness 

is required for the activity of contributing to or abstaining from the conversation.  

This involves monitoring the situation and regulating performance in accordance with 

judgements of how the conversation is going.  Success depends on an individual’s 

constant and accurate evaluation of outcomes and the subsequent selection of 

appropriate behaviours to meet the demand of the moment.  In addition to this 

moment-to-moment performance, a conversation requires metacognitive awareness 

which includes self-knowledge about one’s skills and deficits and how they affect 

outcomes, past experience, and beliefs.  Choosing a suitable action draws on an 

ability to anticipate possible outcomes by assessing metacognitive knowledge in 

conjunction with emergent knowledge to achieve a desired effect.  This complex 

process is often very difficult for individuals who have sustained a brain injury or 

illness (ABI).  Traumatic brain injury and stroke may cause widespread brain damage 

because of diffuse axonal injury and haemorrhage that affect other areas along with 

the site of initial damage.  Neuroimaging and electrophysiology research have 

elucidated many brain areas in awareness (see Chapter 1 for review of the literature).   
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Individual variability of performance is often present following ABI and has an 

influence on activities of everyday life (Stuss et al., 2003).  This intra-individual 

variability (IIV) may be a source of substantial information about deficits in 

underlying discrete cognitive processes.  For example, patients with right-hemisphere 

brain damage may show raised variability on spatial bisection tasks (Anderson et al., 

2000) and patients with left-sided brain damage may show increased variability on 

language decision tasks (Milberg et al., 2003).  Longitudinal decline in perceptual 

speed was predicted by IIV in neurologically healthy older adults (Baltes & Mayer, 

1999; Loveden et al., 2007).  IIV may also be raised due to a general deficit in self-

monitoring, self-regulation or goal management associated with executive 

impairments (Ghajar & Ivry, 2008; Stuss et al., 2003).  IIV may be indicative of an 

underlying deficit in metacognitive awareness of everyday executive function 

behaviours, functional competency and cognitive failures and their impact on 

performance.  Therefore, it is worth exploring the effects of awareness of everyday 

executive function behaviours, functional competency and cognitive failures on IIV.  

A greater understanding of this phenomenon may reveal specific and targeted 

treatment of value for clinical practice. 

 

A variety of models, as described in Chapter 1, are used to depict awareness.  Three 

models are of particular relevance to this chapter, which seeks to elucidate the 

characteristics and relationships of emergent awareness.  The Pyramid Model of 

awareness, described in Chapter 1, presents a hierarchical view of awareness with 

metacognitive awareness as a necessary requirement for emergent awareness, and 

emergent awareness as a prerequisite for developing anticipatory awareness.  Toglia 
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and Kirk’s (2000) Comprehensive Dynamic Interactional Model (CDIM) and the 

Biopsychosocial model (Ownsworth, Clare & Morris, 2006) depict an interactional 

rather than interdependent relationship between different types of awareness thus 

providing the potential for inter-relationships between all awareness types.  Toglia 

and Kirk (2000) suggest that dynamic interactional relationships between elements of 

awareness such as metacognitive, emergent and anticipatory awareness can be 

investigated by using distinct measures that consider the multidimensionality of 

awareness.  However, many studies lack this specificity by characterising awareness 

using a broad overall score which may make it difficult to distinguish exactly what 

aspect of awareness is being measured (Toglia & Kirk, 2000).   

 

The complexity of the construct of awareness leads to many different opinions about 

how to assess this construct.  Emergent awareness has been measured by observing 

participant performance of an everyday naturalistic task such as packing a lunchbox 

(Hartmann et al., 2005; Goverover et al., 2007; Ownsworth et al., 2010).  Others have 

used computer-based sustained attention tasks shown to cause attentional drift and 

consequent errors (Kluger & DeNisi, 1996; Hjaltason et al., 1996; McAvinue et al., 

2005; O’Keeffe et al., 2007b).  Both of these methods record participant’s awareness.  

However, it would be difficult to measure metacognitive awareness from observation 

alone.  Fleming et al. (1996) developed the Self-Awareness of Deficits Interview, 

which is administered by a clinician to obtain a measure of self-awareness of deficits, 

their functional implications and realistic goal setting.  Ownsworth et al. (2000b) also 

devised a semi-structured interview to assess metacognitive skills based on the 
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theoretical model of Crosson et al. (1989).  However, reliance on individual report 

alone may not provide a true assessment of the level of metacognitive awareness.  

Often individuals discover their impaired awareness during performance of activities 

of everyday life that reveal functional or cognitive deficits (Dirette & Plaisier, 2007).  

The most commonly used method of measuring metacognitive awareness is by 

comparing self- with family-assessment of the individual’s knowledge.    Although 

the discrepancy between the two assessments provides a measure of the accuracy of 

individual metacognitive awareness, there is no universally accepted standard for 

categorising an individual as an under-estimator, accurate estimator or over-estimator 

of awareness.  Prigatano and Altman (1990) counted the number of concordant 

responses; Noe et al. (2005) considered that a discrepancy of 28 points between self-

assessment and family-assessment indicated unawareness; Lanham et al. (2000) 

divided discrepancy scores into thirds and Prigatano et al. (1998) established a +/- 5 

cutoff point for accurate estimators.   

 

The Patient Competency Rating Scale (PCRS: Prigatano & Altman, 1990) is often 

used to measure metacognitive awareness because of its test-retest reliability 

(Fleming et al., 1996; Prigatano & Altman, 1990), cross-cultural validity (Hoofien & 

Sharoni, 2006) and ease of administration and interpretation.  The PCRS contains 

questions about functional competency during activities of daily living, cognitive 

demands, emotional control and interpersonal situations.  Typically, questions 

regarding physical abilities and injuries produce self and family concordance, 

whereas the other three categories require self-evaluation and elicit more discrepancy 

(Pagulayan et al., 2007; Prigatano et al., 1996; Prigatano and Leathem, 1993).  The 
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PCRS has been used to compare perceived activity limitations of 22 patients 

following brain injury or stroke with those of 22 neurologically healthy patients 

(Fischer et al., 2004b).  A study comparing impaired self-awareness with denial of 

deficit in 56 participants following TBI used the PCRS to measure awareness of 

deficit (Prigatano et al., 1998).  Accuracy of self-evaluation of traits and functional 

ability of 20 participants with TBI and 20 neurologically healthy controls was also 

examined using the PCRS (Schmitz et al., 2006).  The literature appears to suggest 

that the PCRS is a versatile and reliable measure (Sherer et al., 2003a; Barskova & 

Wilz, 2006).   

 

One possible drawback of using the PCRS alone to gain an understanding of the level 

of impaired metacognitive awareness is that it focuses mainly on awareness of 

functional competency (Fischer et al., 2004b; Ownsworth, Fleming et al., 2006).  

Researchers have used additional measures to gain extra information not available 

from the PCRS.  Hart et al. (2009) used the Awareness Questionnaire (AQ: Sherer et 

al., 1998b) to elicit participant opinion about differences in their behaviour between 

before and after sustaining a brain injury.  The Assessment of Awareness of 

Disability (Kottorp, 2006) questionnaire provides information about participants’ 

retrospective accounts of performance by drawing on their awareness of 

metacognitive knowledge of skills and ability (Anderson et al., 2010).  

 

The Frontal Systems Behaviour Scale (FrSBe: Grace & Malloy, 2002) has also been 

used to elicit participants’ opinions of change in their behaviours between before and 
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after sustaining a brain trauma (O’Keeffe et al., 2007a, 2007b; Goverover et al., 

2008).  The FrSBe was specifically designed to investigate awareness of observed 

changes in everyday executive function behaviours including apathy, disinhibition 

and executive dysfunction.  Caracuel et al. (2008) demonstrated that the FrSBe 

differentiated between 35 patients who were substance abusers following ABI, 50 

patients who were not substance abusers and 37 controls who were neurologically 

healthy and substance free in terms of apathy, disinhibition and executive dysfunction 

behaviours.  The FrSBe was a significant predictor of community integration in 76 

participants following TBI (Reid-Arndt et al., 2007).  Hoerold et al. (2008), using the 

discrepancy between self- and family-ratings in neurologically healthy adults, found 

that under-estimators of frontal systems behaviour (measured by the FrSBe) 

demonstrated more frequent lapses of attention on the Dual-task Attention to 

Response Task (DART: Dockree et al., 2006) and higher levels of absentmindedness 

as measured by the Cognitive Failures Questionnaire (CFQ: Broadbent et al., 1982). 

 

Comparison between self- and family-ratings on the CFQ has been used to create a 

broad overall awareness indicator (O’Keeffe et al., 2007a).  Using the CFQ in this 

manner acknowledges the contribution of absentmindedness to the construct of 

metacognitive awareness.  These measures all provide a means of obtaining a 

discrepancy score between self- and family-rating.  Concordance between self- and 

family-assessments is commonly considered to be an indicator of good self-

awareness (Prigatano & Altman, 1990).  Over-estimation of awareness was related to 

greater psychological distress leading to altered perception of belief systems in 

participants who had sustained a brain injury than in individuals with intact 
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awareness or who under-estimated their awareness (Hoofein et al., 2004).  Under-

estimators may have an underlying psychological problem or may have an alternative 

gain in mind when exaggerating their symptoms (Sawchyn et al., 2005; Binder & 

Rohling, 1996). 

 

In addition to metacognitive awareness, anticipatory awareness may also affect 

emergent awareness.  Few studies have included a focus on anticipatory awareness.  

Yet, the ability to anticipate that a problem may occur because of a deficit may 

influence performance and emergent awareness.  Unlike Toglia and Kirk (2000), 

Crosson et al. (1989), in their Pyramid Model, proposed that anticipatory awareness 

could not be developed until emergent awareness and metacognitive awareness were 

in place.  Lundqvist et al. (2010) reported that the level of anticipatory awareness 

increased and emergent awareness did not change significantly in participants with 

ABI who attended group sessions to improve anticipatory awareness and coping 

strategies.  Furthermore, metacognitive awareness and strategy behaviour in emergent 

situations improved significantly, which appears to support the interactional 

characteristic of the CDIM (Toglia & Kirk, 2000) rather than the hierarchical nature 

of the Pyramid Model (Crosson et al., 1989).  Metacognitive, emergent and 

anticipatory awareness were measured by self-report on the Self-regulation Skills 

Interview (Ownsworth et al., 2000b).  Lundqvist et al. (2010) were unable to 

determine whether emergent awareness was a necessary precursor for developing 

anticipatory awareness.  Abreu et al. (2001) did not find any hierarchical dependency 
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between metacognitive, emergent and anticipatory awareness.  This would appear to 

refute the hierarchical premise of Crosson et al.’s (1989) Pyramid Model.   

 

Few studies have concentrated on the metacognitive awareness characteristics of 

emergent awareness (O’Keeffe et al., 2007b; Hoerold et al., 2008).  Previous research 

investigated links between executive function and metacognitive awareness (Hart et 

al., 2005; Noe et al., 2005; Bivona et al., 2008; Ciurli et al., 2010), patterns of 

metacognitive awareness recovery over time post-trauma (Dirette & Plaisier, 2007), 

comparison of accuracy of awareness of concrete deficits affecting activities of daily 

living with awareness of cognitive or emotional deficits (Prigatano, Altman & 

O’Brien, 1990) and comparison of injury with metacognitive awareness level 

(Coetzer & duToit, 2002).  Greater self-regulation was related to increased 

intellectual awareness and emergent awareness in a study of 67 individuals with ABI 

(Ownsworth & Fleming, 2005).  These authors also reported that best outcomes were 

attained by individuals with greater ability to recognise difficulties during 

performance of everyday activities. 

 

It is clear from the evidence above that metacognitive awareness may be modified by 

many different objects of insight such as executive function, cognition and emotional 

state.  These interactions between stored knowledge, beliefs, emotional state and 

emergent awareness are incorporated in Toglia and Kirk’s (2000) CDIM and also in 

the Biopsychosocial model proposed by Ownsworth, Clare and Morris (2006).  

Furthermore, these models acknowledge that interactions between and within 

cognition, perception, interpersonal, emotional and functional domains may effect a 
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change in metacognitive and/or emergent awareness.  Finding the metacognitive 

characteristics of emergent awareness may serve to elucidate relationships between 

these facets of awareness.  

 

Objectives 

The main objective of the current study was to identify the relationships of emergent 

awareness with under-estimators, accurate estimators and over-estimators of 

metacognitive awareness of frontal systems behaviours of apathy, disinhibition and 

executive dysfunction (measured by the FrSBe), functional competency (measured by 

the PCRS) and cognitive failures (measured by the CFQ).  Considering the 

complexity of awareness and the interrelatedness of metacognitive and emergent 

awareness, Toglia and Kirk’s (2000) comprehensive, dynamic, interactional 

multidimensional model of awareness was used as a framework to understand the 

inter-relatedness of emergent awareness and metacognitive awareness.  Bearing in 

mind the advice of Markova and Berrios (2006) about the need to examine more than 

a single aspect of self-awareness, this study incorporates awareness of behaviour, 

functional competency and cognitive failures into a comprehensive exploration of the 

effect of level of accuracy of metacognitive awareness on emergent awareness.  

Specifically the following questions were addressed: 

 

1. Does the data support Toglia and Kirk’s (2000) CDIM?  Specifically, are 

emergent, anticipatory and overall metacognitive awareness inter related? 
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2. Are there differences in emergent awareness or intra-individual variability of 

performance according as to whether patients under-estimate, accurately 

estimate or over-estimate their level of metacognitive knowledge of frontal 

systems behaviours? 

 

3. Are there differences in emergent awareness or intra-individual variability of 

performance according as to whether patients under-estimate, accurately 

estimate or over-estimate their level of metacognitive knowledge of functional 

competency? 

 

4. Are there differences in emergent awareness or intra-individual variability of 

performance according as to whether patients under-estimate, accurately 

estimate or over-estimate their level of metacognitive knowledge of cognitive 

failures? 

3.2 Method 

Participants 

Participants in this study were the same individuals as those included in Study 1.  

(Refer to Chapter 2 for description.) 

 

Demographic details of all participants are displayed in Table 3.1. 
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Table 3.1:  Demographic details of Participants 

 MEAN (SD) N=82 

Gender (M, F) 61, 21 

Age at Test (Years)  40.83 (14.04) 

Pre-morbid Full IQ (Measured by NART) 103.8  (12.47) (N=78)
*
 

Education Level
1
 26, 21, 35 

1
Education Level: 12 years or less, School Leaving Qualification, >16years/Further  

*Variable N denotes missing data 

Since metacognitive awareness grouping differed according to which test of 

metacognitive awareness was used, the characteristics of each subgroup differed.  For 

clarity the demographics are outlined in separate tables (Tables 3.2 to 3.7) before 

embarking on the analysis later in the Results Section. 
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Demographic details for under-estimators, accurate estimators and over-estimators of 

frontal systems total behaviours (FrSBe) are specified in Table 3.2.  Under-estimator, 

accurate estimator and over-estimator groupings are described in the Metacognitive 

Awareness section of the Materials and Methods section below. 

 

Table 3.2: Characteristics of participants grouped by metacognitive 

awareness of frontal systems behaviours (FrSBe) 

 Under-

Estimators 

N=39 

Accurate 

Estimators 

N=19 

Over-

Estimators 

N=23 

Gender (M, F) (32, 7) (12, 7) (17,6) 

Age (Years) 

Mean=39.61 

(SD=15.71) 

Mean=42.49 

(SD=13.18) 

Mean=39.74 

(SD=13.16) 

Pre-morbid Full IQ 

(Measured by NART) 

Mean=103.42
a
 

(SD=11.98) 

Mean=107.11
b 

(SD=12.89) 

Mean=101.85
c 

(SD=14.12) 

Education Level
1
 13, 12, 14 3, 5, 11 10, 4, 9 

1 
Education Level: 12 years or less, School Leaving Qualification, 

>16years/Further  

a: N=37 ; b: N=17 ;  c: N= 22.  Note: Different N denotes missing data 
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Demographic details for under-estimators, accurate estimators and over-estimators of 

apathy behaviours (FrSBe) are specified in Table 3.3.  Under-estimator, accurate 

estimator and over-estimator groupings are described in the Metacognitive 

Awareness section of the Materials and Methods section below. 

 

Table 3.3: Characteristics of participants grouped by metacognitive awareness 

of Apathy behaviours (FrSBe) 

 Under-

Estimators 

N=54 

Accurate 

Estimators 

N=14 

Over-

Estimators 

N=13 

Gender (M, F) (43, 11) (2,12) (7, 6) 

Age (Years) 

Mean=40.83 

(SD=14.85) 

Mean=40.2 

(SD=14.52) 

Mean=38.35 

(SD=12.71) 

Pre-morbid Full IQ 

(Measured by NART) 

Mean=104.63
a
 

(SD=11.73) 

Mean=103.32
b
 

(SD=13.38) 

Mean=100.74
c
 

(SD=16.8) 

Education Level
1
 19, 13, 22 3, 4, 7 4, 4, 5 

1 
Education Level: 12 years or less, School Leaving Qualification, 

>16years/Further 

a: N=51 ; b: N=13 ;  c: N= 12.  Note: Different N denotes missing data 
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Demographic details for under-estimators, accurate estimators and over-estimators of 

frontal systems disinihibition behaviours (FrSBe) are specified in Table 3.4.  Under-

estimator, accurate estimator and over-estimator groupings are described in the 

Metacognitive Awareness section of the Materials and Methods section below. 

 

Table 3.4: Characteristics of participants grouped by metacognitive 

awareness of frontal systems Disinhibition behaviours (FrSBe) 

 Under-

Estimators 

N=39 

Accurate 

Estimators 

N=18 

Over-

Estimators 

N=24 

Gender (M, F) (29, 10) (14, 4) (19, 5) 

Age (Years) 

Mean=41.55 

(SD=14.95) 

Mean=39.21 

(SD=15.44) 

Mean=39.17 

(SD=12.81) 

Pre-morbid Full IQ 

(Measured by NART) 

Mean=104.92
a
 

(SD=11.64) 

Mean=106.96
b
 

(SD=13.58) 

Mean=100.07 

(SD=13.66) 

Education Level
1
 12, 10, 17 4, 4, 10 10, 7, 7 

1 
Education Level: 12 years or less, School Leaving Qualification, 

>16years/Further  

a: N=37 ; b: N=15.  Note: Different N denotes missing data 
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Demographic details for under-estimators, accurate estimators and over-estimators of 

frontal systems executive dysfunction behaviours (FrSBe) are specified in Table 3.5.  

Under-estimator, accurate estimator and over-estimator groupings are described in the 

Metacognitive Awareness section of the Materials and Methods section below. 

 

Table 3.5: Characteristics of participants grouped by metacognitive 

awareness of frontal systems Executive Dysfunction behaviours (FrSBe)  

 Under-

Estimators 

N=37 

Accurate 

Estimators 

N=20 

Over-

Estimators 

N=24 

Gender (M, F) (30, 7) (15, 5) (17, 7) 

Age (Years) 

Mean=42.39 

(SD=15.58) 

Mean=35.75 

(SD=13.97) 

Mean=41.03 

(SD=12.18) 

Pre-morbid Full IQ 

(Measured by NART) 

Mean=104.7
a
 

(SD=13.03) 

Mean=106.52
b 

(SD=11.38) 

Mean=99.99
c
 

(SD=13.25) 

Education Level
1
 12, 9, 16 2, 9, 9 12, 3, 9 

1 
Education Level: 12 years or less, School Leaving Qualification, 

>16years/Further  

a: N=35 ; b: N=19 ;  c: N= 22.  Note: Different N denotes missing data 
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Demographic details for under-estimators, accurate estimators and over-estimators of 

functional competency (PCRS) are specified in Table 3.6.  Under-estimator, accurate 

estimator and over-estimator groupings are described in the Metacognitive 

Awareness section of the Materials and Methods section below. 

 

Table 3.6: Characteristics of participants grouped by metacognitive 

awareness of functional competency (PCRS) 

 Under-  

Estimators 

N=19 

Accurate 

Estimators 

N=10 

Over- 

Estimators 

N=50 

Gender (M, F) (14, 5) (7, 3) (39, 11) 

Age (Years) 

Mean=41.06 

(SD=10.29) 

Mean=36.81 

(SD=14.25) 

Mean=40.28 

(SD=14.25) 

Pre-morbid Full IQ 

(Measured by NART) 

Mean=104.63
a 

(SD=12.44) 

Mean=103.32
b 

(SD=15.96) 

Mean=102.84
c
 

(SD=12.74) 

Education Level
1
 2, 5, 12 4, 4, 2 20, 11, 19 

1 
Education Level: 12 years or less, School Leaving Qualification, 

>16years/Further  

a: N=18 ; b: N=8 ;  c: N= 49.  Note:  Different N denotes missing data 
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Demographic details for under-estimators, accurate estimators and over-estimators of 

cognitive failures (CFQ) are specified in Table 3.7.  Under-estimator, accurate 

estimator and over-estimator groupings are described in the Metacognitive 

Awareness section of the Materials and Methods section below. 

 

Table 3.7: Characteristics of participants grouped by metacognitive 

awareness of cognitive failures (CFQ) 

 Under-

Estimators 

N=46 

Accurate 

Estimators 

N=23 

Over-

Estimators 

N=9 

Gender (M, F) (33,13) (18,5) (8,1) 

Age (Years) 

Mean=39.93 

(SD=15.83) 

Mean=41.97 

(SD=13.22) 

Mean=37.63 

(SD=9.79) 

Pre-morbid Full IQ 

(Measured by NART) 

Mean=103.3
a
 

(SD=11.63) 

Mean=105.65
b 

(SD=10.83) 

Mean=103.04
c 

(SD=11.63) 

Education Level
1
 (16, 12, 18) (8, 6, 9) (1, 3, 5) 

1 
Education Level: 12 years or less, School Leaving Qualification, 

>16years/Further  

a: N=44 ; b: N=22 ; c: N= 9.  Note: Different N denotes missing data 

 



141 

Materials and Methods 

 

Definitions for the following measures can be found in the Materials and Methods 

section of Chapter 2: 

Intra-individual Variability 

Emergent Errors of Commission 

Emergent Awareness 

National Adult Reading Test (NART) 

Perseveration 

 

Metacognitive Awareness 

Discrepancies between participant scores and significant other, family, caregiver, or 

friend scores on the Frontal Systems Behaviour Scale (FrSBe; Grace & Malloy, 

2002) the Patient Competency Rating Scale (PCRS; Prigatano et al., 1986) and the 

Cognitive Failures Questionnaire (CFQ; Broadbent et al., 1982) were used as 

indicators of participants’ level of metacognitive awareness of perceptions of 

behaviour, functional competencies and absentmindedness.  Negative discrepancies 

indicate that self-rating is lower than family-rating.  

 

Accuracy of Metacognitive Awareness 

In order to analyse under-estimators, accurate estimators, and over-estimators of 

metacognitive awareness of frontal systems behaviours (measured by the FrSBe) and 
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functional competency (measured by the PCRS), data were split into three groups for 

each of the measures.   

 

Prigatano et al.’s (1998) criteria were used to group the data into under-estimators, 

accurate estimators, and over-estimators based on self-rated scores being more than 5 

points below family, within +/- 5 points of family, or more than 5 points above family 

scores, respectively. 

 

The CFQ self-rating contains 25 items and the family-rating contains 8 items.  

Average scores were used to calculate discrepancy between self- and family-rating.  

Unlike the PCRS, no previous research was found that split CFQ discrepancy scores 

into under-estimators, accurate estimators and over-estimators.  Therefore, in the 

absence of a precedent a split-point value of +/- 0.5 was arbitrarily chosen to identify 

accurate estimators.  Participants either side of this range were deemed under- or 

over-estimators.   

 

Overall Metacognitive Awareness 

A dependent variable, representing overall metacognitive awareness was created and 

calculated as the mean of discrepancy scores of the metacognitive awareness 

measures (FrSBe, PCRS and CFQ).  Accuracy of beliefs about one’s behaviour, 

functional competency and absentmindedness play a combined role in emergent 

awareness and performance.  Following ABI, individuals may have inaccurate self-

beliefs that may affect performance.  It is important therefore to investigate these 
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factors together when searching for relationships between metacognitive awareness 

and emergent awareness (O’Keeffe et al., 2007a).   

 

Anticipatory Awareness / Prediction Accuracy 

In order to explore the conflicting views of Toglia and Kirk (2000) and Crosson et al. 

(1989) with respect to the nature of the relationship between emergent awareness and 

anticipatory awareness, the Verbal Fluency-FAS Fluency and Semantic tests 

(Enderby et al., 1987; Spreen & Strauss, 1998) were administered.  Participants were 

asked to predict how many words they would be able to say in one minute beginning 

with the letters F, A and S, and how many animals, fruit and vegetables they would 

say in one minute.  The number of words they actually said was recorded by the 

researcher.  Anticipatory awareness was operationalised as the percentage of the 

predicted number of words minus the number of words spoken divided by the number 

of words spoken. 

 

Procedure 

Participants for this study were the same as those in Study 1.  Refer to Chapter 2 for 

the procedure used to collect data.  

 

Data Analyses 

Analyses of the metacognitive influences, such as frontal systems behaviour (FrSBe), 

functional competency (PCRS) and cognitive failures (CFQ), on emergent awareness 

were carried out by categorising the data into three groups.  Each of these objects of 
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metacognitive awareness was analysed separately by splitting the data into under-

estimators, accurate estimators and over-estimators (described in the Method section).  

Data was examined using within and between groups analyses provided by the 

statistical package for social sciences, SPSS 16.0 for Windows (SPSS Inc.).   

 

3.3  Results 

As outlined earlier, the study sought to address five key questions.  The results are 

presented under each question. 

 

In order to rule out a possible confounding influence of age of participants on IIV, a 

correlation was performed.  Spearman’s Rho was chosen as both variables were not 

normally distributed.  No significant association was found between these two 

variables (rho=-.11, p>0.05). Table 3.8 lists the Spearman’s Correlations for 

relationships between age and IIV within under-estimators, accurate estimators and 

over-estimators of awareness of frontal systems behaviours, functional competency 

and cognitive.  No significant relationships were found (p> 0.05). 
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Table 3.8:  Spearman’s Rho Correlation between Age at Time of Test and IIV 

(Coefficient of Variability) 

 

 

 

Age at Time of Test vs IIV (RT Coefficient of Variation) 

Discrepancy Self-  

vs Family-Rating 

Under-  

Estimators 

Accurate  

Estimators 

Over-  

Estimators 

FrSBe Total  -.21 .41 .01 

FrSBe Apathy  -.16 .24 .29 

FrSBe Disinhibition  -.18 .4 .12 

FrSBe Executive 

Dysfunction 

 

-.24 

 

.09 

 

.03 

PCRS .26 -.48 -.04 

CFQ (Average) -.17 .37 -.16 

 

QUESTION 1: Does the data support Toglia and Kirk’s (2000) CDIM?  Specifically, 

are emergent, anticipatory and overall metacognitive awareness inter-related?   

 

In order to investigate Toglia and Kirk’s (2000) model of inter-relationships among 

emergent, anticipatory and metacognitive awareness, composite scores for 

metacognitive awareness (discrepancy scores from PCRS, CFQ, and FrSBe), 

emergent awareness (percent awareness from DART and EAT), and anticipatory 

awareness (prediction accuracy on FAS Fluency and FAS Semantic tests) were 

created by averaging z-scores from the individual measures.  As these variables were 
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not normally distributed (Table 3.9), Spearman’s Correlations were run to examine 

these inter-relationships.   

 

Table 3.9: Overall Metacognitive Awareness, Anticipatory Awareness, Emergent 

Awareness: Means, Standard Deviations and Normality Statistics 

    
 

Normality 

 N Mean SD K-S S-W 

Overall Metacognitive 

Awareness (discrepancy)  
77 0 1 .07 .98 

Anticipatory Awareness % 

Discrepancy (negative Mean 

implies participants predicted 

less words than they said) 

 

60 

 

-4.07 

 

30.85 

 

.11
*
 

 

.94
**

 

Emergent Awareness % 82 75.22 23.45 .15
**

 .82
**

 

Metacognitive Awareness 

(Self vs Family Discrepancy ) 

     

FrSBe Total  81 -9.12 26.92 .97 .99 

FrSBe Apathy 81 -13.23 25.74 .09 .97 

FrSBe Disinhibition 81 -6.77 22.23 .07 .99 

FrSBe Executive 

Dysfunction 81 -7.01 24.49 .08 .99 

PCRS 79 12.7 21.8 .05 .99 

CFQ 79 -.7 .99 .06 .97 

* 
Significant (p<0.01).  

** 
Significant (p<0.01).  Note: Different N denotes missing 

data. 

K-S=Kolmogorov-Smirnov test for normal distribution; S-W=Shapiro-Wilk test for 

normal distribution. 
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Table 3.10 lists correlations between awareness measures.  Fig. 3.1 depicts the non-

significant relationships (p>0.05) between metacognitive and emergent awareness. 

 

Table 3.10:  Spearman’s Correlations between Overall Metacognitive Awareness, 

Emergent Awareness and Anticipatory Awareness 

 Overall Metacognitive 

Awareness (Discrepancy) 

rho  (N) 

Anticipatory Awareness 

(Discrepancy) 

rho  (N) 

Anticipatory Awareness 

(Discrepancy) 

.23 (56)  

Emergent Awareness 

(Percent) 

-.06  (70) 

 

-.23  (58) 

* 
Significant (p<0.05).  Note: Different N denotes missing data 
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Figure 3.1:  Scatter plot showing linear relationship between metacognitive 

awareness and emergent awareness.  (Note: Metacog Awness = Metacognitive 

Awareness) 
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QUESTION 2: Are there differences in emergent awareness or intra-individual 

variability of performance according as to whether patients under-estimate, accurately 

estimate or over-estimate their level of metacognitive knowledge of frontal systems 

behaviours?  

 

Relationships between self- and family-ratings are depicted in Figs. 3.2, 3.3 and 3.4.  

Self- and family-ratings differed significantly for disinhibition [t(37)=-11.31, 

p<0.01], executive dysfunction [t(35)=-9.66, p<0.01], and apathy [t(51)=-10.95, 

p<0.01] in the under-estimator group.  As expected, accurate estimators’ self-ratings 

were not significantly different from their family-ratings for disinhibition [t(16)=-

0.67, p>0.05], executive dysfunction [t(18)=0.25, p>0.05] or apathy [t(11)=0.55, 

p>0.05].  Over-estimators’ self- and family-ratings differed significantly from each 

other for disinhibition [t(21)=10.43, p<0.01], executive dysfunction [t(21)=8.35, 

p<0.01] or apathy [t(12)=5.77, p<0.01].  Differences between self- and family-ratings 

for the under- and over-estimators were not only statistically different but also 

clinically significant.  Self-ratings for under-estimators fell within the normal range 

of behaviour (mean=60 to 64; Grace & Malloy, 2002) while their family-ratings 

indicated clinical impairment (mean >= 65; Grace & Malloy, 2002).  By contrast, 

self-ratings for over-estimators suggested clinical impairment while their family-

ratings indicated normal behaviour.  The relevance of the clinically significant 

differences between self- and family-ratings found in under-estimators and over-

estimators will be appraised in the discussion section. 
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Figure 3.2: Metacognitive awareness under-estimators self- and 

family-rated FrSBe subscales t-scores 
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Figure 3.3: Metacognitive awareness accurate estimators self- and 

family-rated FrSBe subscales t-scores 
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Figure 3.4: Metacognitive awareness over-estimators self- and 

family-rated FrSBe subscales t-scores 
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Did emergent awareness and IIV differ depending on accuracy of metacognitive 

awareness of frontal systems total behaviours? 

 

Demographic data for under-estimators, accurate estimators and over-estimators of 

frontal systems total groups are detailed in Table 3.2.  Groups did not differ 

significantly in terms of age (F<1), gender [χ2
 =1.45, df=2, p>0.05], education level 

[χ2
=5.51, df=3, p>0.05] or IQ (F<1).   

 

Analysis of the effects of under-estimators, accurate estimators and over-estimators 

of frontal systems total behaviours on emergent awareness and IIV was conducted 

using Kruskall-Wallis tests because of the non-normal distributions of variables.  The 

between-subjects factor was estimator type (under, accurate, over), and the dependent 

variables were emergent awareness and IIV.  Table 3.11 lists the relevant means, 

standard deviations along with results from Kruskall-Wallis tests.  No significant 

differences were found (p>0.05).   
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Table 3.11:  Comparison of emergent awareness and performance across under-

estimators, accurate estimators and over-estimators of total frontal systems 

behaviours: means, standard deviations and Kruskall-Wallis H  

 

 

Metacognitive Awareness of Frontal 

Systems Behaviours 

 

Emergent 

Performance 

Mean (SD) 

Under- 

Estimators 

N=38 

Accurate 

Estimators 

N=18 

Over- 

Estimators 

N=21 

Kruskall-

Wallis H  

Emergent 

Awareness % 

 

70.06 (26.91) 

 

77.39 (21.94) 

 

82.41 (16.56) 

 

H(2)=2.96 

IIV (RT 

Coefficient of 

Variation) 

 

0.28 (0.08) 

 

0.26 (0.06) 

 

0.29 (0.09) 

 

H(2)=2.75 

 

Did emergent awareness and IIV differ depending on accuracy of metacognitive 

awareness of frontal systems Apathy and Disinhibition behaviours? 

 

Demographic data for under-estimators, accurate estimators and over-estimators of 

apathy behaviours groups are detailed in Table 3.3.  Groups did not differ 

significantly in terms of age (F<1), gender [χ2
 =4.67, df=2, p>0.05], education level 

[χ2
=4.18, df=3, p>0.05] or IQ (F<1).   

 

Analysis of the effects of under-estimators, accurate estimators and over-estimators 

of apathy on emergent awareness and IIV was conducted using Kruskall-Wallis tests.  

The between-subjects factor was estimator type (under, accurate, over), and the 
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dependent variables were emergent awareness and IIV.  Table 3.12 lists the relevant 

means, standard deviations along with results from Kruskall-Wallis tests.  No 

significant differences were found (p>0.05).   

 

Table 3.12:  Comparison of emergent awareness and performance across under-

estimators, accurate estimators and over-estimators of apathy behaviours: means 

standard deviations and Kruskall-Wallis H 

 

 
Metacognitive Awareness of Apathy  

Emergent 

Performance 

Mean (SD) 

Under- 

Estimators 

N=52 

Accurate 

Estimators 

N=12 

Over- 

Estimators 

N=13 

Kruskall-

Wallis H  

Emergent 

Awareness (%) 

 

72.58 (25.9) 

 

75.13 (16.89) 

 

85.41 (17.31) 

 

H(2,75)=2.85 

IIV (RT 

Coefficient of 

Variation) 

0.28 (0.07) 0.28 (0.05) 0.3 (0.11) H(2,75)=0.28 

 

Demographic data for under-estimators, accurate estimators and over-estimators of 

disinihibition behaviours groups are listed in Table 3.4.  Groups did not differ 

significantly in terms of age (F<1), gender [χ2
 =0.21, df=2, p>0.05], education level 

[χ2
=3.48, df=3, p>0.05] or IQ [F(2,73)=1.65, p>0.05].   

 

Analysis of the effects of under-estimators, accurate estimators and over-estimators 

of disinhibition on emergent awareness and IIV was conducted using Kruskall-Wallis 
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tests.  The between-subjects factor was estimator type (under, accurate, over), and the 

dependent variables were emergent awareness and IIV.  Table 3.13 lists the relevant 

means, standard deviations along with results from Kruskall-Wallis tests.  No 

significant differences were found (p>0.05).   

 

Table 3.13:  Comparison of emergent awareness and performance across under-

estimators, accurate estimators and over-estimators of disinhibition behaviours: 

means standard deviations and Kruskall-Wallis H 

 

 
Metacognitive Awareness of Disinhibition  

Emergent 

Performance 

Mean (SD) 

Under- 

Estimators 

N=38 

Accurate 

Estimators 

N=17 

Over- 

Estimators 

N=22 

Kruskall-

Wallis H  

Emergent 

Awareness (%) 

 

71.55 (27.55) 

 

79.26 (17.58) 

 

78.15 (20.29) 

 

H(2)=0.74 

IIV (RT 

Coefficient of 

Variation) 

0.29 (0.08) 0.25 (0.06) 0.29 (0.07) H(2)=4.4 

 

Did emergent awareness and IIV differ depending on metacognitive awareness of 

executive dysfunction? 

 

Demographic data for under-estimators, accurate estimators and over-estimators of 

executive dysfunction groups are detailed in Table 3.5.  Groups did not differ 

significantly in terms of age [F(2,78)=1.43, p>0.05], gender [χ2
 =0.89, df=2, p>0.05], 

education level [χ2
=10.84, df=3, p>0.05] or IQ [F(2,73)=1.51, p>0.05]. 
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Analysis of the effects of under-estimators, accurate estimators and over-estimators 

of frontal systems executive dysfunction behaviours on emergent awareness and IIV 

was conducted using Kruskall-Wallis tests.  The between-subjects factor was 

estimator type (under, accurate, over), and the dependent variables were emergent 

awareness and IIV.  Table 3.14 lists the relevant means, standard deviations along 

with results from Kruskall-Wallis tests.  A Kruskall-Wallis test revealed a significant 

difference in emergent awareness across under-estimators, accurate estimators and 

over-estimators [H(2)=7.29), p<0.05].  Post hoc Mann-Whitney Tests with 

Bonferroni comparisons revealed that the accurate estimator group demonstrated 

significantly more emergent awareness than the under-estimator group [U=190.5, 

p<0.01].  No significant differences were found between accurate and over-estimators 

(U=166.5, p>0.05).  There was no significant difference between level of awareness 

of executive dysfunction and IIV (p>0.1). 
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Table 3.14:  Comparison of emergent awareness and performance across under-

estimators, accurate estimators and over-estimators of executive dysfunction 

behaviours: means standard deviations and Kruskall-Wallis H 

 

 
Metacognitive Awareness of Executive 

Dysfunction 

 

Emergent 

Performance 

Mean (SD) 

Under- 

Estimators 

N=36 

Accurate 

Estimators 

N=19 

Over- 

Estimators 

N=22 

Kruskall-

Wallis H  

Emergent 

Awareness (%) 

67.63 (27.03)
a
 84.64 (18.29)

a
 79.23 (18.18) H(2)=7.29

*
 

IIV (RT 

Coefficient of 

Variation) 

0.3 (0.08) 0.26 (0.06) 0.28 (0.09) H(2)=2.49 

*
 Significant (p<0.05).   

a
 Post hoc Mann-Whitney tests with Bonferroni correction revealed significant 

difference between under-estimators and accurate estimators  (P<0.025) 

 

QUESTION 3: Are there differences in emergent awareness or intra-individual 

variability of performance according as to whether patients under-estimate, accurately 

estimate or over-estimate their level of metacognitive knowledge of functional 

competency? 

 

Demographic data for participants in each functional competency group are detailed 

in Table 3.6.  Groups did not differ significantly in terms of age (F<1), gender [χ2
 

=0.36, df=2, p>0.05], education level [χ2
=8.27, df=3, p>0.05] or IQ (F<1).   
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Analysis of the effects of under-estimators, accurate estimators and over-estimators 

of functional competency on emergent awareness and IIV was conducted using 

Kruskall-Wallis tests.  The between-subjects factor was estimator type (under, 

accurate, over), and the dependent variables were emergent awareness and IIV.  Table 

3.15 lists the relevant means, standard deviations along with results from Kruskall-

Wallis tests.  No significant differences were revealed (p>0.05). 

 

Table 3.15:  Comparison of emergent awareness and performance across 

under-estimators, accurate estimators and over-estimators of functional 

competency: means standard deviations and Kruskall-Wallis H 

 

 
Metacognitive Awareness of Functional 

Competency 

 

Emergent 

Performance 

Mean (SD) 

Under- 

Estimators 

N=19 

Accurate 

Estimators 

N=9 

Over- 

Estimators 

N=49 

Kruskall-

Wallis H  

Emergent 

Awareness % 

 

79.38 (18.29) 

 

73.97 (16.22) 

 

72.65 (26.81) 

 

H(2)=0.9 

IIV (RT 

Coefficient of 

Variation) 

 

0.27 (0.07) 

 

0.29 (0.1) 

 

0.29 (0.08) 

 

H(2)=1.6 

*
 Significant (p<0.05).   
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QUESTION 4: Are there differences in emergent awareness or intra-individual 

variability of performance according as to whether patients under-estimate, accurately 

estimate or over-estimate their level of metacognitive knowledge of cognitive 

failures? 

 

Demographic data for participants in each cognitive failures group are detailed in 

Table 3.7.  Groups did not differ significantly in terms of age (F<1), gender [χ2
 

=1.32, df=2, p>0.05], education level [χ2
=3.25, df=3, p>0.05] or IQ (F<1).   

 

Analysis of the effects of under-estimators, accurate estimators and over-estimators 

of cognitive failures on emergent awareness and IIV was conducted using Kruskall-

Wallis tests.  The between-subjects factor was estimator type (under, accurate, over), 

and the dependent variables were emergent awareness and IIV.  Table 3.16 lists the 

relevant means, standard deviations along with results from Kruskall-Wallis tests.  

Kruskall-Wallis tests revealed a significant difference for IIV [H(2)=7.76, p<0.05] 

across levels of metacognitive awareness of cognitive failures.  Post hoc Mann-

Whitney Tests with Bonferroni comparisons revealed that the over-estimator group 

displayed significantly less IIV than the under-estimator group [U=85, p<0.05] and 

the accurate estimator group [U=44, p<0.05].  No other significant differences were 

found (p>0.05).   
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Table 3.16:  Comparison of emergent awareness and performance across 

under-estimators, accurate estimators and over-estimators of cognitive 

failures: means standard deviations and Kruskall-Wallis H 

 

 
Metacognitive Awareness of Cognitive 

Failures 

 

Emergent 

Performance 

Mean (SD) 

Under- 

Estimators 

N=45 

Accurate 

Estimators 

N=22 

Over- 

Estimators 

N=9 

Kruskall-

Wallis H  

Emergent 

Awareness % 

70.81 (26.28) 79.76 (18.33) 85.9 (18.82) H(2)=4.3 

IIV (RT 

Coefficient of 

Variation) 

0.29 (0.08) 0.28 (0.07)
a
 0.22 (0.05)

a
 

 

 

H(2)=7.76
*
 

*
 Significant (p<0.05).   

a
 Post hoc Mann-Whitney tests with Bonferroni correction revealed significant 

difference between over-estimators and accurate estimators  (P<0.017) 

 

3.4 Discussion 

This study used a multidimensional approach to explore the relationships between 

emergent awareness, anticipatory awareness and dimensions of metacognitive 

awareness following ABI.  The questions posed received mixed support.  The 

findings can be summarised as follows: 

 

1. Emergent awareness, overall metacognitive awareness and anticipatory 

awareness were not found to be related to each other.  
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2. Participants with accurate metacognitive awareness of executive dysfunction 

behaviours (FrSBe) demonstrated better emergent awareness than those who 

under-estimated their level of executive dysfunction.   

 

3. Neither emergent awareness nor IIV differed between under-estimators, 

accurate estimators and over-estimators of functional competency (PCRS).  

 

4. Over-estimators of metacognitive awareness of cognitive failures (CFQ) 

demonstrated less IIV than accurate estimators.   

 

Impaired metacognitive awareness following ABI has been extensively researched 

Pagulayan et al., 2007; Anderson & Tranel, 1989; McGlynn & Schacter, 1989; 

Prigatano & Schacter, 1991).  However, operational definitions and measurement of 

this concept are complex.  The current study addressed some of this complexity by 

considering its multidimensional aspect, firstly as a combined measure of overall 

metacognitive awareness and secondly as separate measures of individual factors 

such as awareness of executive behaviours, functional competency and cognitive 

failures.  Under-estimators, accurate estimators and over-estimators of metacognitive 

awareness were differentiated by discrepancy between self- and family-ratings using 

cutoff points defined by Prigatano et al. (1998).   

 

Overall metacognitive awareness incorporating awareness of functional competency, 

executive behaviour problems and absentmindedness was not related to emergent 
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awareness, which suggests that the hierarchical, Pyramid Model (Crosson et al., 

1989) of awareness is not accurate.  Furthermore, evidence that anticipatory 

awareness did not depend on emergent awareness and metacognitive awareness being 

in place suggests that awareness types are not hierarchically dependent upon each 

other as proposed by Crosson et al. (1989).  On the contrary, these findings support 

the CDIM (Toglia & Kirk, 2000) in its depiction of an interrelationship rather than a 

hierarchical relationship between types of awareness.   

 

Metacognitive Awareness of Frontal Systems Behaviours 

For participants who under-estimated executive dysfunction, family-assessments 

indicated a clinically significant impairment, the extent of which these individuals 

remained unaware (Grace & Malloy, 2002).  For the over-estimators, both they and 

their families considered them to be clinically impaired in terms of executive 

behaviours.  Given the impact of unawareness on caregivers’ quality of life (Ergh et 

al., 2002), clinicians could usefully differentiate between under- and over-estimators 

of executive behaviours when designing patient-centred intervention programmes.  

Treatment for under-estimators might include education focussing on the discrepancy 

between perceptions and actual behaviour and how this impacts on outcomes in 

everyday life.  On the other hand, individuals who over-estimate their deficits may 

benefit from confidence building to assist them to rely more on their perceptions. 

 

Examination of the factors of metacognitive awareness revealed that participants who 

were under-estimators of executive dysfunction (as measured by the FrSBe) exhibited 
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poorer emergent awareness levels than did accurate estimators of executive 

dysfunction.  This was not surprising since executive dysfunction incorporates items 

such as repeatedly making mistakes, showing poor judgment, planning or problem 

solving and being unable to pay attention and concentrate.  Proficiency in all these 

skills is often impaired following ABI and is essential in effectively performing 

moment-to-moment everyday activities (Ownsworth & Fleming, 2005).  One possible 

interpretation of these findings is that family-ratings may not be accurate and may 

represent a mismatch between subjective feelings and family perceptions of 

participants.  This may therefore indicate the need for family education about the 

sequelae of brain trauma and/or a reframing of expectations on the part of family 

members (Carnevale et al., 2002; Sinnakaruppan et al., 2005; Hartke & King, 2003; 

Lincoln et al., 2003; Boschen et al., 2007).  Another interpretation of the differences 

in assessment between self and family is that they provide evidence upon which to 

base appropriate interventions to improve awareness.  This could take the form of 

increasing metacognitive knowledge of frontal systems behaviours.  An alternative or 

concomitant intervention to improve metacognitive awareness could focus on 

enhancing emergent awareness, since knowledge of executive dysfunction and 

cognitive failures increased as emergent awareness increased.  It has been suggested 

that this inaccurate perception of behaviours, more than any other aspect of ABI, 

degrades quality of life for caregivers (Ergh et al., 2002; Toglia & Kirk, 2000).   

 

Awareness of apathy and disinhibition did not appear to influence emergent 

awareness levels or IIV.  This was an unexpected outcome since ratings of under-

estimators of apathy differed significantly from their family-ratings (Fig. 3.2).  
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Families observed behaviours that reflected increased apathy such as less motivation, 

spontaneity, initiative, and energy (as measured by the FrSBe).  These factors are 

often cited as barriers to goal achievement and beneficial performance outcomes 

following ABI (Lezak et al., 2004).  Similarly families of under-estimators of 

disinhibition reported problem behaviours, such as increased impulsivity, 

embarrassing behaviours, hyperactivity and risky behaviours, which have been 

identified as barriers to community re-integration (Reid-Arndt et al., 2007).  The lack 

of difference between participants and their families may stem from the fact that, 

following ABI, individuals under-estimate their deficits (Ben-Yishay & Prigatano, 

1990; Sohlberg & Mateer, 2001). 

 

Metacognitive Awareness of Functional Competency 

Considering the Patient Competency Rating Scale (PCRS), under-estimators, accurate 

estimators and over-estimators of functional competency did not differ in terms of 

emergent awareness level.  This was an unexpected result as many of the items in the 

PCRS, such as participating in group activities, doing the laundry or driving a car, 

address performance of everyday activities for which emergent awareness is 

necessary.  There is a paucity of research addressing the links between awareness of 

functional competency and emergent awareness.  O’Keeffe et al. (2007a) found an 

association between higher emergent awareness and higher family-ratings of 

functional competency.  The present study appears to be the first to examine the 

relationship between awareness of functional competency and emergent awareness. 
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Metacognitive Awareness of Cognitive Failures 

The finding that differences in IIV were found only across metacognitive awareness 

of cognitive failures levels is an important one.  This finding demonstrates the risk of 

considering awareness as a single, unidimensional construct.  Using only 

measurements of frontal systems symptoms or functional competency, the 

relationship between absentmindedness and stability of performance would not have 

been found.  It was unexpected to find that over-estimators of absentmindedness 

demonstrated more stable performance than accurate estimators.  Perhaps, knowledge 

of their absentmindedness made participants more careful.  The potential to improve 

absentmindedness or emergent awareness by developing interventions for either of 

these constructs is an interesting possibility for clinicians. 

 

Metacognitive Awareness, IIV and Age 

It is surprising that no influence of metacognitive awareness of frontal systems 

behaviours or functional competency was found in consistency of performance, since 

stable performance requires skills in elements of frontal systems behaviour such as 

planning, self-monitoring and self-regulating behaviour, as well as knowledge of 

functional deficits. IIV is sometimes influenced by age (Stuss & Binns, 2008).  

However, age was not a factor in fluctuating performance.  Increased knowledge 

about performance variability could enhance the clinical application of individual 

rehabilitation interventions. 

Models of Awareness 

Toglia and Kirk’s (2000) model of awareness provides a framework within which to 

consider the effect of all aspects of individual performance, background, context, 
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external influences, knowledge, skills, deficits and depth of awareness on emergent 

awareness.  This holistic view of awareness may be key to assessing individual 

potential for rehabilitation following ABI (Wilson, 2002).  Gaps in awareness may 

become evident following assessment of physical, cognitive, perceptual, 

interpersonal, emotional and functional domains accompanied by assessment of depth 

of metacognitive awareness (Toglia & Kirk, 2000).  The current study supports the 

proposal that the instruments of measurement and framework used to investigate 

awareness determine the aspect of awareness being measured (Markova & Berrios, 

2006). 

 

The interrelatedness characteristic of awareness as outlined in the CDIM (Toglia & 

Kirk, 2000) was supported by the finding that accurate estimators of executive 

dysfunction behaviours demonstrated better emergent awareness than did under-

estimators.  Knowledge of this interrelationship between metacognitive and emergent 

awareness may assist clinicians in formulating precise and specific individual goals 

supportive of successful rehabilitation outcomes.  For instance, knowing that an 

individual is an under-estimator, accurate estimator or over-estimator of their 

abilities, deficits and knowledge may help clinicians to select appropriate 

rehabilitation interventions.  In addition, knowing the effect that under-estimation, 

accurate estimation or over-estimation of metacognitive awareness has on an 

individual’s emergent awareness could facilitate goal setting within the entire 

multidisciplinary programme (Ghajar & Ivry, 2008).  The influence of specific 

aspects of metacognitive awareness on emergent awareness may guide clinicians in 
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developing patient-centred interventions focussing on these elements, in the 

knowledge that they may assist in ameliorating impaired emergent awareness and 

thereby improve performance. 

 

The current findings have differentiated between some of the dimensions of 

metacognitive awareness such as awareness of executive behaviours, functional 

competency or absentmindedness, thus demonstrating the importance of using 

specific and relevant measurement and reporting.  The decision to examine more than 

one aspect of metacognitive awareness with emergent awareness indicates that the 

CDIM framework of Toglia and Kirk (2000) and the integrated biopsychosocial 

approach of Ownsworth, Clare and Morris (2006) provide a realistic view of the 

multidimensional and interrelated nature of types of awareness. 

  

Strengths and Limitations 

The fact that the subscales of the PCRS were not analysed represents a possible 

weakness in the current study.  Splitting out the objects of insight from these factors 

might have uncovered more about accuracy of estimation.  A strength of the current 

study is that it acknowledged the multidimensionality of metacognitive awareness by 

examining some of its different dimensions, such as frontal systems behaviour, 

functional competency and cognitive failures, separately and as an overall entity of 

metacognitive awareness.  The findings of the current study demonstrate that a 

comprehensive appraisal of awareness deficits would not have been accomplished by 

using only one of these measures.  Each measure uncovered differences in emergent 

awareness levels between levels of a specific dimension of metacognitive awareness.  
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For example, participants who were under-estimators of executive dysfunction 

demonstrated impaired emergent awareness in comparison with accurate estimators.  

Had the current study employed the PCRS alone, these effects of metacognitive 

awareness of executive dysfunction on emergent awareness would not have been 

found.  Correlates of metacognitive awareness have been extensively researched in 

the extant literature.  Emergent awareness, however, has not been studied to the same 

extent and another strength of this study is that the links between metacognitive 

awareness and emergent awareness were explored in considerable depth. 

 

The choice of computer-based CPTs, such as the DART and EAT sustained attention 

tasks, instead of a naturalistic task to measure emergent awareness provided a stable, 

controlled and replicable test (Dockree et al., 2006; O’Keeffe et al., 2007a; Hoerold et 

al., 2008).  Accurate self-awareness in neurologically healthy adults relies on efficient 

sustained attention functioning (Hoerold et al., 2008).  Further advantages of using 

computer-based tests are that they are easy to administer and perform and they 

produce precise scientific contemporaneous measurement of response times (RT) and 

variability in individual performance (IIV) – attributes that are not easy to record 

during naturalistic tasks.  

 

Future Directions 

Future research might focus on a comparison of computer-based CPTs with 

naturalistic tasks to determine the advantages/disadvantages of one over the other.  

Another point of interest for future research might be to examine the cutoff point for 
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under-estimators, accurate estimators and over-estimators to determine if an average 

obtained from more than one testing session would yield more realistic information 

(Pagulayan et al., 2007).  Specifying the extent of discrepancy required between self- 

and family-ratings to constitute a clinically meaningful difference is a critical issue 

that needs further investigations in order to establish a universally accepted standard. 

 

Conclusion 

In conclusion, the current study adopted a comprehensive approach to examining 

metacognitive awareness and its influence on emergent awareness level.  Findings 

support Toglia and Kirk’s (2000) and Ownsworth, Clare and Morris’ (2006) 

multidimensional view of awareness.  The importance of examining the 

multidimensional nature of metacognitive awareness was demonstrated by the 

different results obtained from three different measures of metacognitive awareness.  

Furthermore, the finding that individuals who accurately estimated their executive 

function behaviours demonstrated better emergent awareness than under-estimators is 

clinically important, in that it highlights working elements of metacognitive 

awareness that may be used to improve other aspects of metacognitive awareness 

and/or emergent awareness.  Knowledge that awareness of functional competency is 

intact but awareness of everyday mistakes is a problem could be treated by using 

prompts for absentmindedness.  Knowledge that overall metacognitive awareness is 

not impaired would allow clinicians to focus patient-centred rehabilitation 

interventions on the performance aspect of activities of everyday living.   
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These revelations about interrelationships and dependencies between level of 

metacognitive awareness, emergent awareness and stability of performance extend 

the knowledge base concerning this complex construct.  No previous research has 

investigated emergent awareness with respect to accuracy of metacognitive 

awareness.  It is evident from these findings that the object of awareness being 

measured needs careful consideration so that appropriate instruments may be chosen 

to assess specific dimensions of metacognitive awareness.  This study indicates that a 

comprehensive holistic approach incorporating measures of metacognitive, emergent 

and anticipatory awareness in the assessment of patients following ABI has potential 

to guide clinical decisions about optimal patient-centred rehabilitation interventions 

focussing on specific areas of impairment.   
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Chapter 4 

 

Study 3 

 

Rehabilitation of Error Awareness Post Acquired Brain 

Injury: An Intervention 

 

Abstract 

Poor awareness of errors is often a barrier to successful rehabilitation.  Few studies 

have investigated rehabilitation of error awareness following acquired brain injury.  

Previous research has shown that sustained attention and error awareness are 

associated and that audio-feedback-on-error improves sustained attention.  Therefore, 

an intervention training programme was developed to improve error awareness, using 

a sustained attention task modified to encourage participation throughout eight 

sessions in four weeks.  Participants were 29 individuals with Traumatic or Acquired 

Brain Injury (ABI) and low error awareness level.  A matched random groups design 

was used to test the effects of audio-visual feedback-on-error awareness intervention.  

Ten participants received feedback-on-error (‘feedback’ group), ten did not receive 

feedback (‘no-feedback’ group) and 9 were included in a controls no-treatment group.  

There was no disproportionate benefit for participants in the feedback group over and 

above the no-feedback group.  Some generalisation of improvements into 

metacognitive awareness and executive behaviours was found.  The number of errors 
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committed decreased and levels of awareness increased for both intervention groups 

and not for the controls no-treatment group.  Sustained attention and error awareness 

impairments may be ameliorated with training in sustained attention.  Feedback alone 

may not be sufficient to engender processes of error detection, evaluation or the 

deployment of controlled processes that underpin awareness deficits in participants 

with ABI.  This intervention demonstrates improvements in attention and awareness 

indicating that training on tasks of sustained attention, with or without feedback, 

could be usefully incorporated into cognitive or clinical rehabilitation programmes. 

 

4.1 Introduction 

Awareness 

Awareness is a highly integrated brain function, encompassing the “capacity to 

perceive the ‘self’ in relatively objective terms while maintaining a sense of 

subjectivity”, and involves interaction of thoughts and feelings (Prigatano & 

Schacter, 1991, p13).  This definition recognises the importance of objective 

knowledge about deficits, and the effect these have on everyday activity.  Awareness 

is not a unitary process; multiple areas of the brain are involved.  Awareness is an 

important component of the ability to carry out activities of daily living (Mesulam, 

1985; Prigatano & Schacter, 1991).  Awareness can be severely impaired following 

stroke (Appelros et al., 2007; Hartman-Maeir et al., 2002; Hartman-Maeir et al., 

2003) and brain injury (BenYishay et al., 1987; Prigatano et al., 1986; Sherer et al., 

1998b).  Poor awareness following stroke has predicted poorer functional outcomes 
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(Hartman-Maeir et al., 2002), reduced prospect of discharge to independent living 

and increased risk of death while in hospital (Pederson et al., 1996).  It mediates 

adoption and adaptation of strategies during the performance of everyday activities.  

Awareness is a component of attention: being aware requires attention to behaviour, 

knowledge, beliefs, performance of everyday activities and anticipatory skills to 

achieve a goal (Ghajar & Ivry, 2008).  Accuracy of performance depends on 

attention, monitoring and evaluating actions and regulating behaviour by selecting 

and changing strategies (Toglia, 2005).  Judgement of outcome is affected by stored 

metacognitive knowledge and beliefs about goals and skills required to achieve those 

goals.   

 

Models of Awareness 

Various models of awareness have been developed.  Awareness is a multidimensional 

construct consisting of different but interrelated concepts of global and online 

awareness (Toglia, 2005).  Global awareness is defined as metacognitive knowledge 

of the characteristics of one’s own abilities, affective states, beliefs and strategies and 

how they may affect everyday functioning.  Emergent awareness includes the ability 

to recognise difficulties as they occur during task performance.  This involves 

monitoring performance to regulate behaviour in order to avoid errors and achieve 

desired outcomes.  Anticipatory awareness is the ability to predict the effects of 

deficits on performance (Toglia, 2005).   
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Historically, a hierarchical Pyramid Model of awareness, devised by Crosson et al. 

(1989), was used to understand awareness.  It depicted global, emergent and 

anticipatory awareness as three interdependent levels of a hierarchy with global at the 

bottom.  However, there is little evidence to support this proposal that global 

awareness must exist before emergent and anticipatory awareness.  O’Keeffe et al. 

(2007a) found no relationship between global awareness and emergent awareness in 

participants with TBI and neurologically healthy controls.  Ownsworth, Fleming et al. 

(2006) developed a feedback-on-error strategy as an intervention designed to assist a 

32 year old man (with ABI) to cook and become more independent.  Metacognitive 

knowledge was not targeted and was not an obstacle to improvements witnessed in 

his error awareness (Ownsworth, Fleming et al., 2006).  Toglia et al. (2010) 

demonstrated that despite lack of global awareness about attention and memory 

deficits, a participant was able to learn to use and monitor strategies across domains 

of attention and memory in order to identify and describe errors.   

 

Toglia and Kirk (2000), in their Comprehensive Dynamic Interactional Model 

(CDIM), revised the Pyramid Model to include a comprehensive list of domains and 

external influences such as cognitive and perceptual deficits, emotions, motivation, 

task difficulty and culture, among others that impact on awareness.  Instead of seeing 

hierarchical levels, they viewed awareness as a dynamic interaction between self-

knowledge, beliefs, task characteristics, and environment, in which changes in online 

awareness may effect changes in global awareness and vice versa.  Ownsworth, Clare 

and Morris (2006), in their Biopsychosocial model, also claim that awareness is not 
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hierarchical suggesting instead a framework of awareness that addresses the 

individual characteristics represented in neurological, psychological, 

neuropsychological and social factors.  

 

The interactional view of awareness depicted by the CDIM (Toglia & Kirk, 2000) 

and the Biopsychosocial model (Ownsworth, Clare & Morris, 2006) presented the 

possibility of exploring whether emergent awareness can be improved regardless of 

levels of metacognitive awareness and indeed whether metacognitive awareness 

could itself be improved by the enhancement of emergent awareness.  In doing so, the 

hierarchical premise of the Pyramid Model (Crosson et al., 1989), that metacognitive 

awareness must be observed before emergent awareness can develop, was challenged. 

 

Neuropathology of Error Awareness 

Many neural circuits and structures have been implicated in various aspects of error 

awareness (Lehr, 2004; Taylor et al., 2007).  It is believed that frontal lobe injury is a 

main predictor of impaired awareness (Ranseen et al., 1990).  A review of the 

literature, described in Chapter 1, shows that damage to other brain locations or 

connections may disrupt neural signals to the frontal lobes and hinder executive 

functions such as planning, regulating and monitoring behaviour (Prigatano, 1991).  

Stuss et al.’s (1999, 2003) investigation of inconsistency of performance following 

TBI revealed that while the frontal lobes were implicated in a general top-down 

manner, specific cognitive domain, posterior regions and the cerebellum were also 

involved.  The cerebellum is part of the temporal processing system involved in 
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controlling variability during goal-directed activity (Stuss & Binns, 2008; Ghajar & 

Ivry, 2008).  Several performance monitoring studies have implicated, in varying 

degrees, the dorsal anterior cingulate cortex, rostral anterior cingulate cortex, 

posterior medial frontal cortex, anterior medial frontal cortex and the prefrontal 

cortex in error detection and correction, and in error awareness and unawareness 

(review in Taylor et al., 2007).  

 

Online Awareness of Errors 

It is evident that many brain regions and connections are involved in error awareness.  

Following ABI, the internal signals of error and evaluative processes may become 

compromised leading to deficits in matching actions to instructions.  Often the 

problem is not a misunderstanding of instruction but an inability to utilise errors to 

guide behaviour during online task performance (Luria & Homskaya, 1964).  This 

deficit in online error awareness becomes apparent during computer-based repetitive 

cognitive performance tasks of sustained attention. 

 

During practice of a ‘go/no-go’ task such as the Sustained Attention to Response 

Task (SART: Robertson et al., 1997), it is expected that response time (RT) will 

become faster over time (Stuss & Binns, 2008).  Maintenance of stable RTs across all 

trials in a task depends on accurate online evaluation of performance and consequent 

adoption or adaptation of strategies to regulate behaviour toward a goal.   
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Intra-individual Variability 

Intra-individual variability (IIV) refers to variability of responding across all trials 

within a continuous performance task (CPT) (Rabbitt et al., 2001).  High IIV is a 

common sequela following TBI and has been associated with decreased awareness 

(Stuss et al., 1994; Collins et al., 1996). 

 

IIV may be an indicator of impaired attentional systems which impact on awareness 

(Stuss & Binns, 2008).  Knowledge of IIV is clinically important in selecting 

appropriate rehabilitation strategies to target the underlying impaired cognitive 

function.  IIV may be caused by impaired synchronicity between perception of 

sensory information and processing goal representations (Stuss & Binns, 2008; 

Ghajar & Ivry, 2008).  In anticipation of goals, cognitive functioning becomes fluid, 

enabling active rather than reactive attention (Ghajar & Ivry, 2008).   

 

Following ABI, disruption of neural activity that generates goal representations may 

impair anticipatory attention control.  It may also diminish awareness, resulting in 

performance variability and reactive attention in the absence of accurate anticipation 

of future goals (Ghajar & Ivry, 2008).  The corollary is that variability of 

performance can be used as an indicator of this anticipatory aspect of attention 

(Ghajar & Ivry, 2008).  IIV may indicate an underlying impairment in awareness 

about the task complexity, the situation or the skills required for performance.  The 

underlying deficits, rather than the inappropriate behavioural manifestation, can be 

targeted by specific rehabilitation.  In the present study, IIV was examined for 
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reduction in variability as an indicator of increased anticipatory attention prior to a 

goal change (Ghajar & Ivry, 2008). 

 

IIV, interpreted in conjunction with neuropsychological assessment, may provide 

vital information about intermittent moment-to-moment erratic behaviour (Stuss & 

Binns, 2008).  Severe dispersion (variation within a task) and inconsistency (variation 

across different testing sessions) on RT paradigms prompted clinicians to investigate 

erratic and unpredictable behaviour in a young male following a severe TBI (Stuss & 

Binns, 2008).  Neuropsychological tests were within the normal range, but he was 

unable to maintain long-term employment.  Prolonged performance on Wisconsin 

Card Sorting Task (Heaton et al., 1993) beyond the cutoff limit of testing 

requirements provided evidence that he was not capable of sustaining attention over 

long periods of time.  Variability of performance was also corroborated by his family, 

who indicated that he never persisted at anything for long periods (Stuss & Binns, 

2008).   

 

The pattern of responding to trials during performance of a sustained attention task 

such as the Dual-task Attention to Response Task (DART: Dockree et al., 2006) 

provides an opportunity to examine IIV within a single task (dispersion).  Dispersion 

can convey information about the ability to sustain a stable response over the duration 

of a repetitive performance task.  Sometimes variability of responding provides a 

necessary pause, allowing time to monitor and evaluate outcomes and enable 

adjustment of performance to avoid errors.  Dockree et al. (2007) identified a pattern 
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of responding to trials 9, 1, 2, and 4 in a repetitive sequential series of responding to 

numbers 1 to 9 except for number 3 during performance of the SART by healthy 

adults.  Using EEG, slower RTs from trials 9 to 1 and a quicker RT from trials 1 to 2 

coming up to a change of goal were associated with high tonic alpha power and large 

late positive amplitudes in Event-Related Potentials (ERPs), suggesting that these 

strategic changes in RT are important in activating and sustaining goal-directed 

activity (Dockree et al., 2007).  In trials (5, 6, 7, 8 and 9) that required less attention, 

ERP late positive activity reduced accordingly.  In the current study, dispersion and 

IIV between pre- and post-intervention sessions were evaluated using RTs during 

performance of the DART.  In the present study, IIV was examined for reduction in 

variability as an indicator of increased anticipatory attention and increased online 

error awareness (Ghajar & Ivry, 2008). 

 

Interventions for Error Awareness 

Naturalistic Tasks 

It is clear from the literature review described in Chapter 1, that there is a paucity of 

studies that attempt to improve emergent awareness.  Of the few that do exist, many 

used a naturalistic task such as packing a lunchbox, preparing a meal or wrapping a 

gift to measure emergent awareness (Hartmann et al., 2005; Goverover et al., 2007; 

Ownsworth et al., 2010).  Naturalistic tasks, such as the Multiple Errands Task 

(MET: Knight et al., 2002a), provide a context in which to practise everyday 

activities.  Ownsworth et al. (2000a) reported that, for 21 individuals with ABI, gains 

in emergent awareness were evident following focus group therapy sessions about 



 

180 

 

self-reported emergent and anticipatory awareness, motivation, and strategy 

assessment, selection and generation.  Some generalisation and maintenance of 

improvements were achieved in single case studies that provided feedback to improve 

self-monitoring and self-regulation (Burke et al., 1991; Cicerone & Tanenbaum, 

1997; Lira et al., 1983; Knight et al., 2002b; Bieman-Copland & Dywan, 2000).   

 

While naturalistic tasks may be a good method of measuring every day performance 

because of the familiarity of the task, it may be difficult to use them to explore the 

cognitive processes involved during performance.  Computer-based tasks provide a 

mechanism for investigating such processes in more detail. 

Computer-based Tasks 

Computer-based tasks provide a means to capture the intricacies of RTs throughout 

the course of a continuous performance task (CPT) which requires the participant to 

maintain attention to respond (‘go’) to some stimuli and to inhibit response (‘no-go’) 

to other stimuli displayed in succession on the computer screen (Dockree et al., 2004, 

2005, 2006; Hester et al., 2005; Garavan et al., 2002, 2003; O’Connell et al., 2008; 

O’Keeffe et al., 2007a, 2007b; McAvinue et al., 2005).  Such tasks are often used to 

examine sustained attention and emergent awareness skills such as self-monitoring, 

self-evaluating and self-regulating behaviour (Hjaltason et al., 1996; McAvinue et al., 

2005; O’Keeffe et al., 2007b).   

 

The Dual-task Attention to Response Task (DART: Dockree et al., 2006) is a CPT 

that includes a ‘go/no-go’ feature and has been used extensively to measure RTs, 
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variability of performance, goal monitoring (Dockree et al., 2005) and emergent 

awareness (McAvinue et al., 2005; O’Keeffe et al., 2007b) in individuals following 

ABI.  McAvinue et al. (2005) demonstrated that an audio-feedback for erroneous 

responses to ‘no-go’ stimuli on the DART improved performance in neurologically 

healthy individuals and participants who had sustained a TBI.  Robertson et al. (1995) 

suggest that habituation to an alert during CPT may transfer to self-alerting to 

improve attention, awareness and goal-directed behaviour.  Areas of the brain thought 

to be engaged in goal-directed processes were activated during performance of the 

SART when exogenous alerting tones were used (O’Connor et al., 2004), which 

suggests that alerting tones may act as a reminder to reinstate the goal stance. 

 

The central aim of the current study is to develop a portable task suitable for 

administering in a clinic, at the bedside or in the home that would capture 

performance and awareness statistics to enable analysis of IIV, RTs, errors committed 

and error awareness.  The SART, DART, and EAT ‘go/no-go’ tasks were chosen for 

the current intervention training programme in the knowledge that many studies used 

the same or similar CPTs to examine sustained attention, IIV and error awareness.  

These paradigms are easy to administer and provide precise, scientific data about 

attention, IIV and RTs is captured during performance.   

 

Feedback-on-Error 

A fundamental component of many awareness interventions is specific, timely, 

consistent and respectful feedback from the therapist concerning task performance 

(Barco et al., 1991; Cicerone, 1989; DeHope & Finegan, 1999; Klonoff et al., 1989; 
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Langer & Padrone, 1992; Mateer, 2005).  In this way, feedback can be used to 

enhance metacognitive, emergent and anticipatory awareness.  Another effective 

method of feedback is videotaped feedback, which has been used to improve 

awareness of behaviour and communication problems in group therapy situations 

(Alexy et al., 1983; Barco et al., 1991; Sherer et al., 1998).  Individuals who have 

sustained an ABI may require cueing to retrospectively interpret the effect of their 

impairments from the videotape (Barco et al., 1991).  Other authors recommend that 

individuals, following ABI, discover their own errors through experiential feedback 

that is structured, planned and supported instead of feedback from others (Toglia & 

Kirk, 2000; Barco et al., 1991; Butler & Satz, 1988; Cicerone, 1989; DeHope & 

Finegan, 1999; Lam et al., 1988; Langer & Padrone, 1992).  Providing the individual 

with supports such as goal setting, practising behaviour prior to community visits and 

cueing when certain behaviours affect performance may bring about a change in 

awareness of the effect of behaviour on outcomes (DeHope & Finnegan, 1999).  A 

similar concept is feedback-on-error, which is based on the assumption that the 

individual will realise their mistake and adapt their strategies to use spared cognitive 

skills and functional reorganisation of the brain (Backman & Dixon, 1992). 

 

Feedback-on-error can facilitate guidance through problem situations by encouraging 

engagement of online monitoring, evaluation, and regulation of behaviour. It has been 

suggested that feedback-on-error prompts the engagement of cognitive processes 

involved in planning, monitoring, and evaluating progress (Brown et al., 1983; 

Ivancic & Hesketh, 1995/6).  The benefit of feedback-on-error for patients with ABI 
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and neurologically healthy individuals was manifested in improved error awareness 

following performance of a sustained attention task which sounded a tone following a 

false press for a ‘no-go’ stimulus (McAvinue et al., 2005).   

 

Feedback-on-errors can help identify gaps in knowledge and skills needed for further 

improvement (Ivancic & Hesketh, 1995/6).  With clarity of task and feedback-on-

error to enhance training effects, feedback provides the opportunity to judge the 

consequences of actions or strategies adopted in relation to goal achievement (Keith 

& Frese, 2008).  Many error exposure training techniques have been adopted in 

clinical practice in rehabilitation settings (Hillis, 2005).  It is believed that this 

purposeful, committed activity promotes learning, reinforces new behaviour, and 

provides an opportunity for neuroplasticity to occur (Robertson & Murre, 1999; 

Backman & Dixon, 1992) and thereby contributes to the reacquisition of skills 

(Robertson & Murre, 1999).   

 

It has been argued that feedback-on-error can be interpreted by the recipient as 

confrontational and may lead to a defensive response (Katz et al., 2005; Bieman-

Copland & Dywan, 2000).  In contrast, Keith and Frese (2008) claim that error 

management provides an environment in which the effects of different behaviours 

and strategies can be explored.  For instance, habituation to a feedback alert tone may 

act as a reminder to restore the goal state (Robertson et al., 1995).  In addition, skills 

learned during training may enhance transfer of metacognitive knowledge to other 

situations, tasks and contexts (Hesketh, 1997).  Perhaps the key to reconciling these 

differing viewpoints is to accompany errors with non-confrontational feedback to 
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encourage self-reflection and engender changes in the strategies used to achieve 

desired outcomes.   

 

Manly et al. (2004) demonstrated that auditory cues associated with a goal were 

related to significant improvements in accuracy on a sustained attention task in 

patients who sustained a brain injury and in neurologically healthy individuals.  

Following ABI, individuals often have limited capacity for attending to several goals.  

The SART’s repetitive requirement to respond and the rarity of the ‘no-go’ target 

encourages automatic and inattentive responding.  Manly et al. (2004) suggested that 

intermittent auditory cues acted as an interruption to automatic responding, allowing 

reinstatement of a more attentive stance.  McAvinue et al. (2005) used an auditory 

cue to signify to participants that an error was committed during the SART.  Patients 

and neurologically healthy individuals committed fewer errors when they were 

provided with an auditory cue compared with when they completed the same task 

without the cue.  The corollary is that individuals who are attending correctly to 

responding or inhibiting responses do not need to be prompted to reinstate the goal 

stance.   

 

The current study compares the effects of an intervention with feedback or no-

feedback and also evaluates this using a control group who received no intervention.  
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Objectives  

The principal objective of the present study is to develop a simple, computer-based 

training programme including a feedback-on-error feature to enhance error awareness 

in a sustained attention task.   

 

A second objective is to assess the effects of feedback and no-feedback intervention 

and no intervention (control procedure) on online error awareness and performance.   

 

A third goal is to determine whether any changes in global awareness of frontal 

systems behaviours, functional competencies and cognitive failures occur following 

the intervention and whether these changes are due to feedback-on-error.   

 

A fourth objective is to determine if anticipatory awareness is affected by the 

intervention and feedback-on-error 

 

A fifth objective is to examine the effects of the intervention on IIV, pattern of 

responding and maintaining a goal state.   

 

The sixth aim is to investigate potential transfer of gains to other similar tasks such as 

the EAT and to executive estimation skills. 

 

In order to extend previous research, the present study examined the effects of 

feedback during an eight session intervention training programme that included a 
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treatment group who received an audio-visual feedback-on-error and a non-treatment 

group receiving no feedback-on-error.  Audio and visual feedback were combined to 

maximise multisensory feedback and to ensure that patients who had hearing 

difficulties following ABI could participate in the intervention.  A control no-

treatment group was included to determine if there were any practise effects of 

repeated performance of the baseline emergent awareness measurement task at Time 

2. 

 

Some elements of the theoretical models of awareness were explored including the 

interactional element of Toglia and Kirk’s (2000) comprehensive, dynamic and 

interactional model of awareness, and the hierarchical view of awareness proposed by 

Crosson et al. (1989).  These conflicting views were explored during an investigation 

of transfer of gains in emergent awareness of errors into global awareness of 

strategies and impact of behaviour.   

 

4.2 Method 

Participants 

The review of the neuropathology of error awareness, above, demonstrates the 

difficulty in defining inclusion criteria based on neuroanatomical damage.  Since one 

aim of the present study is to improve error awareness, participant selection was 

based on the determination that their level of error awareness was below a threshold 
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found in neurologically healthy adults (O’Keeffe et al., 2007b), rather than on the 

neuropathology of their ABI. 

 

Admission lists for the past 10 years were extracted from the Patient Admissions 

System at the National Rehabilitation Hospital, Dun Laoghaire, Ireland to identify 

suitable participants.  In all over 400 Health Care Records were viewed and 200 

letters of invitation were sent to potential participants.  Because of the commitment 

involved in the intervention programme, every attempt was made to recruit 

participants who lived within a commutable distance from the test centre.  One 

hundred and twenty adults who sustained a traumatic brain injury or acquired brain 

illness were assessed initially for levels of online error awareness. Eighteen of these 

were excluded as they were unable to carry out a three stage instruction or use the 

computer mouse because of a physical disability.  Fifty five participants who 

demonstrated levels of emergent awareness greater than the cutoff point (81%) 

(O’Keeffe et al., 2007b) were excluded; 47 (i.e. 39% overall) participants 

demonstrated less than 81% emergent awareness and were eligible for inclusion 

(O’Keeffe et al., 2007b).  However, 27 of those were unable to travel to the test 

centre for the duration of the intervention programme and had to be excluded from 

the intervention training programme.  The remaining 20 participants were eligible to 

participate.   

 

A further nine participants were recruited for the ABI control no-treatment group for 

the purpose of testing the effects of time on task.  This occurred two years after the 

original data was collected as part of a separate study in Headway (Ireland).  
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Headway is a not-for-profit organisation that specialises in ABI rehabilitation.  These 

participants were not screened for low emergent awareness levels as a criterion for 

inclusion in the study but were included to determine whether changes in accuracy 

and emergent awareness are simply an effect of practice.   

 

Participants with a previous history of neurological condition, severe brain trauma, 

major psychiatric disorder, drug or alcohol abuse, learning disability or who were in 

the acute phase of trauma were deemed ineligible for inclusion.  All participants gave 

written informed consent (Appendix A).  Approval for the study was received from 

the National Rehabilitation Trust Ethics Committee and the Ethical Review Board of 

the School of Psychology, Trinity College Dublin (Appendix B), in accordance with 

the 1964 Declaration of Helsinki.  All participants reported normal or corrected to 

normal hearing and vision.  Participants were randomly assigned to the feedback or 

no-feedback group after being matched on level of error awareness, age, IQ and 

education.  Clinical data for each participant are displayed in Table 4.1 for feedback 

group, Table 4.2 for the no-feedback group and Table 4.3 for the control no-treatment 

group.   
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Table 4.1:  Characteristics of Participants in Feedback Group 
 

 

 

Participant 

N=10 

 

Injury 

or 

Illness 

 

 

Severity 

(PTA) 

 

 

Severity 

(GCS) 

 

Months 

since 

Trauma 

 

 

 

Location of Damage 

1 TBI 

Extremely 

Severe 6 113 

Frontal Lobe, SAH, 

Brainstem contusions 

2 TBI 

Extremely 

Severe 3 223 Cerebellum 

5 Stroke 

Very 

Severe 9 3 SAH 

6 TBI 

Extremely 

Severe 7 40 Frontal bilaterally, DAI 

9 Stroke 

Very 

Severe 3 16 

Left Frontal 

Intraparenchymal 

Haemmorhage at level of 

Caudate Nucleus, 

Cerebral & Callosal 

Haemorrhage 

12 Stroke Mild N/A 32 

Posterior Communicating 

Artery, Both 

Hemispheres, Frontal 

Lobe, Parietal Lobe, 

SAH 

13 TBI 

Very 

Severe 3 17 Parietal Lobe bilaterally 

14 Stroke Mild 15 23 

Middle Cerebral Artery, 

SAH Right Hemisphere 

15 TBI 

Extremely 

Severe N/A 4 

Right Frontal & Parietal 

Lobes 

16 

 
 

TBI 

 
 

Extremely 

Severe 

 
 

3 

 
 

3 

 
 

Diffuse Brain Injury 

Right Hemisphere 

 
 

PTA: Post Traumatic Amnesia (Mild:<1 hour; Moderate: 1–24 hours; Severe: 1–7 

days; Very Severe: 7–28 days; Extremely Severe: >28 days); SAH: Subarachnoid 

Haemorrhage; TBI: Traumatic Brain Injury; DAI: Diffuse Axonal Injury; EDH: 

Extradural Haematoma; GCS: Glasgow Coma Scale; N/A: Not available 
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Table 4.2:  Characteristics of Participants in No-Feedback Group 

 

 

Participant 

N=10 

 

Injury 

or 

Illness 

 

 

Severity 

(PTA) 

 

 

Severity 

(GCS) 

 

Months 

since 

Trauma 

 

 

 

Location of Damage 

3 TBI 

Extremely 

Severe 10 15 

SDH, EDH Left 

Hemisphere 

4 Stroke N/A 15 3 

 

Middle Cerebral Artery, 

Right Parietal  

7 TBI N/A N/A 4 

 

Right Hemisphere Basal 

Ganglia 

8 Stroke 

Extremely 

Severe 5 6 

 

Intracerebral 

Haemmorhage Right 

Hemisphere, Cerebral 

Oedema 

10 Stroke Severe N/A 21 

 

Anterior Communicating 

Artery, SAH 

11 Stroke Severe N/A 11 

 

Right Temporal and 

Parietal, Midline 

Displacement to Left 

17 TBI 

Very 

Severe N/A 7 Right Parietal, EDH 
 

18 TBI Severe N/A 9 Cerebral Oedema, EDH 

19 Stroke 

Extremely 

Severe 14 5 

 

Anterior Communicating 

Artery, Frontal Lobes 

bilaterally, SAH 

20 

 

TBI 

 

Very 

Severe 

 

8 

 

2 

 

 

Diffuse Brain Injury 

Both Hemispheres  

 

PTA: Post Traumatic Amnesia (Mild:<1 hour; Moderate: 1–24 hours; Severe: 1–7 

days; Very Severe: 7–28 days; Extremely Severe: >28 days); SAH: Subarachnoid 

Haemorrhage; TBI: Traumatic Brain Injury; DAI: Diffuse Axonal Injury; EDH: 

Extradural Haematoma; GCS: Glasgow Coma Scale; N/A: Not available 
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Table 4.3:  Characteristics of Participants in the no-treatment Control Group 
 

 

 

Participant 

N=9 

 

Injury 

or 

Illness 

 

 

Severity 

(PTA) 

 

 

Severity 

(GCS) 

 

Months 

since 

Trauma 

 

 

 

Location of Damage 

301 TBI N/A 13 27 

Small Haematoma Right 

Frontal Lobe & Occipital 

Lobes. Fracture Right 

Occipito-temporal region 

303 TBI 

Very 

Severe N/A 191 

EDH Right Frontal region. 

Anterior Cranial Fossa Floor. 

Brain herniation into Nasal 

Ethmoidal Complex 

304 TBI 

Very 

Severe 11 95 

Left Posterior Temporal 

contusion with acute SDH 

306 

 
 

TBI 

Extremely 

Severe N/A 51 

Right Frontal Haematoma, 

SAH. 

 
 

309 TBI N/A 3 20 N/A 

310 TBI 

Extremely 

Severe N/A 263 

Right Tempero-parietal EDH 

with midline shift. 

311 TBI N/A 14 15 

Right Tempero-parietal 

comminuted fracture with 

EDH & midline shift. 

312 TBI 

Extremely 

Severe 7 13 

Left SDH, SAH & temporal 

contusion. Diffuse Cerebral 

Oedema. Fractured Right 

temporal bone & Left 

Sphenoid Sinus 

313 TBI N/A 3 47 

Right Frontal & Left 

Temporal contusions. Left 

SAH. Haemorrhagic 

contusion Frontal Lobes. 

PTA: Post Traumatic Amnesia (Mild:<1 hour; Moderate: 1–24 hours; Severe: 1–7 

days; Very Severe: 7–28 days; Extremely Severe: >28 days); SAH: Subarachnoid 

Haemorrhage; TBI: Traumatic Brain Injury; DAI: Diffuse Axonal Injury; EDH: 

Extradural Haematoma; GCS: Glasgow Coma Scale; N/A: Not available
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Demographic details of feedback and no-feedback Groups are displayed in Table 4.4. 

 

Table 4.4:  Characteristics of Participants in the Feedback and No-Feedback Intervention 

Groups and Control Group 

 
 

Feedback 

Group 

N=10 

 

No-Feedback 

Group 

N=10 

 

Control No-

Treatment 

Group 

N=9 

Gender (Male, Female) 7, 3 7, 3  8,1  

Age (Years) 

 

 

36.12 (SD 14.71) 

Range = 42 

Min-Max = 19-

61 

44.92 (SD 15.79) 

Range = 46 

Min-Max = 18-64 

33.56 (SD 8.93) 

Range = 27 

Min-Max = 19-46 

Type of ABI 6 Brain Injury  

4 Illness 

5 Brain Injury 

5 Illness 

8 Brain Injury 

1 N/A 

Pre-morbid Full IQ  

(Measured by NART) 98.36 (SD 11.44) 103.2 (SD 10.63) N/A 

Pre-morbid Performance IQ 

(Measured by NART) 99.2 (SD 10.15) 103.5 (SD 9.43) N/A 

Education Level
1 2, 5, 3 4, 4, 2 0,4,5 

Level of Awareness  

(Percent)
2
 44.55 (SD 25.66) 46.86 (SD 25.32) 70.33 (SD 25.8) 

Months since Trauma 47.39 (SD 69.83) 8.35 (SD 5.92) 80.22(SD 88.8) 

1
Education Level: 12 years or less, School Leaving Qualification, >16years/Further  

2
Refer to Methods section for calculation 

N/A=Information Not Available 
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Materials and Methods 

Baseline Measures 

Descriptions for the following measures can be found in the Materials and Methods 

section of Chapter 2: 

National Adult Reading Test (NART) 

Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983) 

Telephone Search subtest from Test of Everyday Attention (Robertson et al., 

1996) 

Mini Mental State Exam (MMSE) (Folstein et al., 1975) 

Frontal Assessment Battery (FAB) (Dubois et al., 2000) 

Behavioural Assessment of the Dysexecutive Syndrome (BADS) (Wilson et 

al., 1996) (Modified Six Elements and Zoo Map) 

 

Pre- and Post-Intervention Measures 

Descriptions for the following measures can be found in the Materials and Methods 

section of Chapter 2: 

Intra-individual Variability 

Emergent Errors of Commission 

Emergent Awareness 

Sustained Attention to Response Task (SART) (Robertson et al., 1997, Manly 

et al., 2003) 
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Dual-task Attention to Response Task (DART) (Dockree et al., 2006).  (This 

task will be referred to as the DART-N in the current chapter.) 

Error Awareness Task (EAT) (Hester et al., 2005) 

Frontal Systems Behaviour Scale (FrSBe) (Grace & Malloy, 2002 

Patient Competency Rating Scale (PCRS) (Prigatano et al., 1986) 

Cognitive Failures Questionnaire (CFQ) (Broadbent et al., 1982) 

FAS Verbal Fluency Test (FAS) (Fluency Test: Enderby et al., 1987; Spreen 

& Strauss, 1998) 

 

The DART was used to record awareness by asking the participants to say ‘hit’ when 

they made an error of commission.  This differs from the intervention task in which 

the task was completed without reporting of errors.  All participants appeared to 

understand this as they did not say ‘hit’ when they made errors during the 

intervention.   

 

The EAT was included as a measure of awareness as it is both similar to and different 

from the DART.  While it is similar in that it had ‘go/no-go’ stimuli, repeat trials 

during the EAT are more sensitive to inhibitory errors.  Furthermore, the second type 

of ‘no-go’ trial on the EAT reflects a Stroop-like (1935) conflict which gives rise to 

errors associated with failure to resolve conflict between incongruent stimulus 

representations.   
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Dual-task Attention to Response Task with Photographic images (DART-I)  

In order to make the training programme more appealing and to counter boredom and 

dropout, a set of appealing photographic images of everyday items was selected for 

inclusion in a modified version of the DART ‘go/no-go’ paradigm.  Nine colour 

photographic images of animals were displayed in a previously set sequence instead 

of the numbers 1–9 (see Fig. 4.1).  The ‘no-go’ target was the photograph of a dog.  

Distractor target photographic images were displayed in black and white.  

Participants were instructed to click the left mouse button for all colour photographs 

except for the dog, and click the right mouse button for black and white photographs.  

The same process was set up for photographic images of fruit in which case the ‘no-

go’ target was the photograph of the apple.   

 

The images were displayed in the same sequence 25 times, with 22 black and white 

photographs appearing pseudorandomly among images five to eight of the nine image 

sequence, and the images varied in size.  The display time, inter-stimulus interval and 

image to image onset were the same as for the DART-N. 

 

Pilot Study to Validate the Use of Photographic images 

A small-scale pilot study was conducted with 12 neurologically healthy individuals to 

determine if there were any significant differences between the effects of 

photographic images of fruit and animals (DART-I) and digits (DART-N) on 

performance.  As the data were not normally distributed for the DART-N and two 

DART-I data, non-parametric tests was used to analyse the data.  Results from 

Wilcoxon Signed Rank tests shown in Table 4.5 revealed no significant differences in 
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terms of error awareness (p>0.05), number of errors committed (p>0.05) and errors of 

omissions (p>0.05).  In a post-test feedback questionnaire (Appendix L) 10 out of 12 

participants indicated that they preferred working with the photographic image 

stimuli.  The finding that there was no significant difference between performance on 

the DART-N and DART-I and that participants preferred the DART-I supported the 

decision to include the DART-I as part of the intervention programme. 

 

Table 4.5:  Comparison of performance of DART-I with animal and fruit 

photographic images versus number stimuli in neurologically healthy 

individuals  

 

N=12 

 

Wilcoxon (Z) 

 

Median 

 

Percent Error Awareness
 

  

 

Animals vs Fruit 

 

-0.67 

 

A(100%) 

 

F(100%) 

Digits vs Fruit -1.24 D(90%) F(100%) 

Digits vs Animals -1.68 D(90%) A(100%) 

 

Number of Errors on ‘no-go’ Target
 

  

 

Animals vs Fruit 

 

-0.45 

 

A(9) 

 

F(9) 

Digits vs Fruit -0.36 D(7) F(9) 

Digits vs Animals -0.36 D(7) A(9) 

 

Number of Errors of Omission
 

  

 

Animals vs Fruit 

 

-0.22 

 

A(5) 

 

F(4) 

Digits vs Fruit -1.54 D(7) F(4) 

Digits vs Animals -1.94 D(7) A(5) 

Note: A=Animals, F=Fruit, D=Digits.   
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Anticipatory Awareness  

Two measures were used to examine anticipatory awareness: prediction accuracy and 

ability to anticipate goal change.  A full description of prediction accuracy is given in 

Chapter 3, Materials and Method section.  Anticipating goal change was 

characterised by a slowing of speed of responding before a goal change at trials 9 and 

4 during performance of the DART and EAT paradigms.  This data was extracted 

from the log of performance on the computer-based tasks.  

 

Estimation Ability 

Estimation was assessed by asking participants to estimate how many words they said 

after they had completed each step of the phonemic and semantic fluency tests of the 

Verbal Fluency Test (FAS).  The number of words they actually said was recorded by 

the researcher.  Estimation skill was operationalised as the percentage of the 

estimated number of words minus the number of words spoken divided by the 

number of words spoken.   

 

Metacognitive Awareness 

Discrepancies between participant scores and significant other, family, caregiver, or 

friend scores on the FrSBe, PCRS, and the CFQ were used as indicators of accuracy 

of participants’ metacognition, perceptions of behaviour, social abilities, and 

functional competencies.  Negative discrepancies indicate that self-rating is lower 

than family-rating.   

 



 

198 

 

A Likert scale questionnaire was developed for this study which asked the significant 

other to make a list of the five most problematic minor mistakes the participant makes 

and to score them in terms of how often they occur on a daily basis (Appendix M).   

 

Procedure 

Inclusion and Exclusion Criteria 

Two blocks of the SART followed by two blocks of the DART-N were administered 

to each participant.  During the DART-N participants were asked to verbally indicate 

when they made an erroneous click on the ‘no-go’ target as described in Emergent 

Awareness above.  Participants who demonstrated less than 81% emergent awareness 

level (measured using the DART-N), indicating impaired emergent awareness level, 

were deemed eligible for inclusion in the intervention training programme (O’Keeffe 

et al., 2007b).  Participants who committed less than five errors, by falsely clicking 

on the ‘no-go’ stimulus on the SART were excluded from the intervention as this was 

deemed to be too few errors to calculate emergent awareness (see above for 

calculation).  Participants were allocated to the feedback or no-feedback group 

chronologically, based on their date of recruitment to the study.   

 

Pre-Intervention Procedure 

In addition to the SART and DART-N administered as part of the inclusion criteria, 

the other measures listed in the Baseline Measures and Pre- and Post-Intervention 

sections above were administered in three 45-minute sessions with each participant. 
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Intervention Programme 

The programme consisted of a 40-minute training session conducted twice weekly 

over four weeks for each participant.  Emergent awareness was not measured during 

these sessions so the participant performed the tasks without having to overtly 

indicate any lapses in attention.  Each training session included performance of two 

blocks of DART-N and two blocks of either fruit or animals DART-I (see Fig. 4.1).  

The feedback group received audio-visual feedback when they committed an error on 

the ‘no-go’ stimuli.  The no-feedback group did not receive audio-visual feedback-

on-error.  The stimulus appeared for 900 milliseconds followed by an inter-stimulus 

interval of 500 milliseconds.  Intervals of 1,400 milliseconds from stimulus onset to 

stimulus onset were used.  Order of performance of two blocks of DART-N and two 

blocks of DART-I were counterbalanced across participants and sessions.  Each 

paired block of DART-N or DART-I commenced with a practice exercise to verify 

that the participant understood the instructions.  Each block lasted 4.5 minutes.  

Participants were not asked to indicate false button presses during the intervention 

programme.  Great care was taken to ensure that the participants were not too 

fatigued to pay attention throughout each session.  Rest breaks were given when 

necessary and sessions were postponed if the participant displayed signs of fatigue 

such as falling asleep, or conveyed that they were not interested in continuing. 

 

Feedback-on-error 

For the feedback group only, an audio-visual feature included in the DART-N and 

DART-I, sounded a claxon and displayed a red X when response to the ‘no-go’ target 

was not inhibited.  The feedback-on-error consisted of a red X, the same size as the 
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number, animal or fruit ‘no-go’ stimulus, appearing over the ‘no-go’ stimulus 

immediately after a false response was made.  A tone was also sounded at a volume 

adjusted by volume control during the practice session to accommodate individual 

hearing.   

 

Post-Intervention Procedure 

Two blocks of the DART-N were administered to determine the level of emergent 

awareness (described in Emergent Awareness above).  In addition participants 

performed two blocks of the SART and EAT and completed the FAS, FrSBe, PCRS 

and CFQ.  These were administered during two 45-minute sessions with each 

participant one week after the participant completed the intervention.  Collaborator-

reports for the FrSBe, PCRS, CFQ and the Awareness Questionnaire devised for this 

study were completed by a family member. 

 

Data Analyses 

Statistical analyses were carried out using mixed methods design.  Repeated measures 

of dependent variables such as emergent awareness, RT, IIV, FrSBe, PCRS and CFQ 

at pre- and post-intervention were analysed with between groups (Feedback, No-

feedback) independent variable.  Statistical power analysis was carried out on an a 

priori assumption that feedback would enhance emergent awareness.  Observed 

power (0.83) from the ANOVA at alpha level 0.05 revealed that eight was an 

appropriate sample size.   

 



201 

 

 

 

 

 

Figure 4.1:  Intervention Training Numbers and Picture Stimuli 

The top row of numbers depicts the DART-N. 

The two rows of photographic images depict two separate versions of 

the DART-I 

 

 

 

X 

‘Go’ Targets 

1 2 3 4 5 6 7 8 9 1 2 3 4 5 

 X 
 

X 

‘No-Go’ Targets 

X 

 ‘Go’ Targets 
 

‘No-Go’ Targets 

DART-N 

Numbers 1 to 9 

repeated 25 

times in each of 

two blocks 

DART-I (above & below) 

‘Distractor’ Targets 

‘Distractor’ Targets 

(photographs from www.freedigitalphotos.net) 

Image Sequence 

repeated 25 times in 

each of two blocks.  
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Control Group Procedure 

In order to test whether accuracy and error awareness levels (which were measured 

by the DART-N) were influenced by familiarity with the DART-N through practice, 

a control group was recruited to measure accuracy and error awareness during 

performance of the DART-N on two separate occasions.  Error awareness was 

measured at similar time intervals as the intervention groups, that is, at Time1 and 

again four weeks later at Time2.  The control group did not practise the DART-N in 

between Time1 and Time2. 

 

Data Analysis 

Analyses of the effects of an intervention to improve emergent awareness were 

carried out using a mixed method design on data from pre- to post-intervention.  Data 

was examined using within and between groups analyses provided by the statistical 

package for social sciences, SPSS 16.0 for Windows (SPSS Inc.). 

 

4.3 Results 

Pre-Intervention Screening  

To explore the possible confound of perseveration during repeated performance CPT, 

a Spearman’s Correlation was conducted between family-reported perseveration and 

emergent awareness on the computer-based task.  No significant association was 

found between everyday perseverative behaviour and emergent awareness (rho=-
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0.24, p>0.05), giving an indirect indication that perseveration, at least as noted in 

everyday behaviour, was not a significant correlate of emergent awareness. 

Pre-intervention analyses of neuropsychological assessments and self-report 

measures revealed that the feedback and no-feedback groups did not differ on all 

measures (p>0.05) except prediction skills and cognitive failures.  The no-feedback 

group was significantly better at predicting their performance on the FAS fluency test 

[t(13)=-2.3, p<0.05].  The no-feedback group also tended to rate themselves as more 

impaired than the feedback group in terms of cognitive failures (U=25.5, p=0.0630).  

Table 4.6 lists the means, standard deviations at pre-intervention, t-tests for normally 

distributed variables and Mann-Whitney tests for non-normal data.  Age, IQ and level 

of awareness were not significantly different between the two groups (p>0.05).  There 

was a non-significant trend toward a difference between the two groups in terms of 

months since trauma (U=26, p=0.0700).  Table 4.4 lists the means and standard 

deviations for each group.   

 

In order to explore the effect of participant age on emergent awareness and stability 

of performance, Spearman’s Correlations revealed that there were no associations 

between age at date of test and emergent awareness (rho=-.18, p>0.05) and RT 

coefficient of variability (rho=-.11, p>0.05).   

 

It is possible that age and months since trauma may covary with performance and 

emergent and metacognitive awareness.  Covariances are reported throughout the 

results section.  Analysis of covariance (ANCOVA) was used in place of analysis of 

variance (ANOVA) only when there was a relationship found between the covariate 
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and the dependent variable in both the feedback and no-feedback groups.  Otherwise, 

the analysis would not accurately represent the data since the ANCOVA removes the 

variance shared between the covariate and the dependent variable (Cohen & Cohen, 

1983; Miller & Chapman, 2001).  Where the correlation was found for one group 

only then this would leave a residual portion of the dependent variable that 

disproportionately represents one group over the other and therefore violates the 

assumptions of the ANCOVA.  
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Table 4.6:  Comparison of neuropsychological and self-report measures for Feedback and 

No-feedback groups at Pre-intervention Time 

Assessment 

N, Mean(SD) 

 

Feedback 

 

No-Feedback  

M-W U 

or t-test 

 

df 

 

p 

BADS 6 Elements 10, 1.6(0.97) 10, 2.3(1.25) t=1.4 18 0.18 

BADS Zoo Map 10, 0.3(1.16) 9, 0.67(1.58) t=0.58 17 0.57 

MMSE 10, 26(4.67) 10, 25.5(2.17) U=31.5 18 0.16 

FAB 10, 14(2.94) 10, 14.3(1.77) t=0.28 14.74 0.79 

TEA (Phone Search Task) 10, 2.2(1.69) 10, 2.7(1.49) U=36.5 18 0.29 

Time in Seconds 10, 126.5(60.85)  10, 189.9(111.67) t=1.58 18 0.13 

Targets Found 10, 16.8(5.45) 10, 17.6(2.41) U=39 18 0.40 

FrSBe Self-Rating 10, 60.2(9.9) 10, 71.5(19.09) t=1.66 13.51 0.12 

FrSBe Family-Rating 10, 81.9(28.03) 10, 72.6(14.5) t=-0.93 18 0.36 

PCRS Self-Rating 10, 122.9(13.47) 10, 115.2(11.56) t=-1.37 18 0.19 

PCRS Family-Rating 10, 99.8(19.22) 10, 104.8(15.05) U=36 18 0.29 

CFQ Self-Rating 10, 24.40(11.66) 10, 36.30(18.79) U=25.5 18 0.063
**

 

CFQ Family-Rating 10, 20.00(6.99) 10, 17.70(5.48) t=-0.82 18 0.42 

HADS Anxiety 10, 6.30(3.06) 10, 6.20(2.97) t=-0.07 18 0.94 

HADS Depression 10, 4.90(3.00) 10, 6.00(3.16) t=0.80 18 0.44 

Full Scale IQ (NART) 10, 98.36(11.44) 10, 103.2(10.63) t=0.98 18 0.34 

%Prediction Accuracy on 

FAS Phonetic Fluency 7, 83.14(51.36) 8, 23.64(48.74) t=-2.29 12.52 0.04
*
 

%Prediction Accuracy on 

FAS Semantic Fluency 7, 13.22(45.73) 8, -10.80(23.19) t=-1.31 13 0.21 

%Estimation Accuracy on 

FAS Phonetic Fluency 6, 9.09(15.54) 6, -7.14(26.76) t=-1.29 10 0.81 

%Estimation Accuracy on 

FAS Semantic Fluency 6, -13.46(38.62) 6, -22.45(23.3) t=-0.49 10 0.64 
 

*
Significant at p<0.05 level. 

**
Trend toward significance, p=0.0630. M-W U=Mann-

Whitney test for non-normal distribution. df=degrees of freedom. Different N denotes 

missing data.   
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Age at Test and Months Since Trauma influence on performance 

At pre-intervention time, the feedback and no-feedback groups did not differ 

significantly in terms of age of participants or months since trauma.  The influence of 

age and months since trauma on emergent awareness and IIV were analysed using 

Spearman’s Correlations for non-normal distribution (Table 4.7).   

 

Table 4.7:  Spearman’s Rho Correlation for relationships between Age at Time of 

Test and Months Since Trauma and Emergent Awareness and IIV for Feedback 

and No-Feedback Groups at Pre-Intervention. 

 Age At Date of Test Months Since Trauma 

Group Feedback 

N=10 

No-

Feedback  

N=10 

Feedback  

N=10 

No-

Feedback  

N=10 

DART Emergent 

Awareness 

-0.24 -0.67
*
 0.18 -0.35 

DART IIV  

(Coefficient of variation) 

0.02 -0.31 -0.04 -0.60
**

 

EAT Emergent Awareness -0.15 -0.43 -0.25 0.48 

EAT IIV  

(Coefficient of variation) 

-0.28 0.22 0.25 -0.33 

*
 Significant at p<0.05 level.  

** 
Trend toward significance, p=0.0670. 

 

Older age was significantly related to lower emergent awareness during performance 

of the DART by the no-feedback group (rho=-0.67, p<0.05) but not by the feedback 
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group (rho=-0.24, p>0.05).  Age was not significantly related to emergent awareness 

during performance of the EAT for the feedback (rho=-0.15, p>0.05) or no-feedback 

(rho=-0.43, p>0.05) groups.  Age was not significantly related to IIV during 

performance of the DART or EAT for the feedback and no-feedback groups (p>0.05). 

 

Months since trauma was not significantly related to emergent awareness measured 

by the DART or EAT for the feedback and no-feedback groups (p>0.05).  There was 

a non-significant trend toward a relationship between months since trauma and IIV on 

the DART for the no-feedback group (rho=-0.6, p=0.0670) but not for the feedback 

group (rho=-0.04, p>0.05).   

 

The relationship between age and emergent awareness was significant for only one of 

the groups.  Similarly, months since trauma was significantly related to only one of 

the groups.  Therefore, an analyses of variance including covariant of age and months 

since trauma was not appropriate. 

 

Effect of Intervention on Error Awareness and Performance 

Is there a significant effect of audio-visual feedback on level of error awareness and 

number of errors committed? 

Table 4.8 shows the means and standard deviations for Dart and EAT variables at 

pre- and post-intervention for the feedback and no-feedback groups.  Two 2×2 

ANOVAs were conducted with Group (Feedback, No-Feedback) as the between-

subjects factor and Time (Pre, Post) as the within-subjects factor to examine 
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awareness levels and prevalence of errors committed during performance of the 

DART-N.   

 

Table 4.8:  Percent Error Awareness (not for SART), Errors Committed, Mean Go 

Response Times for Feedback and No-feedback groups DART, EAT, SART at Pre- 

and Post-intervention Time 

  

Feedback 

 

No-Feedback 

Mean (SD)
a 

Pre Post Pre Post 

 

Percent Error Awareness
b 

   

DART 44.55(25.65) 78.52(25.22) 46.86(25.32) 63.73(33.32) 

EAT 60.79(29.54) 64.49(32.25) 42.13(27.40) 57.41(20.55) 

 

Number of Errors Committed  

   

DART 14.9(5.9) 5.5(3.41) 16(5.48) 7.7(7.38) 

EAT 30.11(8.72) 28.56(9.03) 31.33(8.96) 26.56(7.35) 

SART 9.3(4.74) 5.9(4.38) 14.8(8.54) 6.8(4.92) 

 

Mean RT in Msecs 

  

DART 623.45(182.55) 493.53(144.56) 569.74(103.11) 504.32(99.77) 

EAT 606.72(166.98) 556.71(140.26) 634.15 (133.96) 674.27(149.02) 

SART 555.62 (217.95) 436.04(133.06) 468.62 (85.49) 449.55(98.27) 

 

a: N=10 (DART, SART), N=9 (EAT, 2 participants were unable to complete the 

EAT).  b: Error awareness was not assessed using SART 

 

For the dependent variable, mean percent emergent awareness on the DART, there 

was no significant Group by Time interaction [F(1,18)=1.42, p>0.05], and Group 
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main effect (F<1) did not reach significance, indicating that awareness levels, in 

general, did not differ between those who received feedback and those who did not.  

A significant main effect of Time [F(1,18)=12.56, p<0.01] was driven by improved 

awareness across both groups, from pre- to post-intervention (Fig. 4.2).   

 

For the dependent variable, mean commission errors, a significant main effect of 

Time [F(1,18)=28.52 , p<0.01] revealed that errors significantly decreased, across 

both Groups, from pre- to post-intervention (Fig. 4.3).  No significant effect of Group 

(F<1) and no interaction between Group and Time (F<1) indicated that number of 

errors committed did not differ between feedback and no-feedback groups. 
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Figure 4.2:  DART Mean Percent Error Awareness Levels for Feedback and 

No-Feedback Intervention Groups at Pre- and Post-intervention 
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Figure 4.3:  DART Mean Number of Commission Errors on ‘No-Go’ Targets 

for Feedback and No-Feedback Intervention Groups at Pre- and Post-

intervention 

 

 

Figs. 4.4 and 4.5 depict emergent awareness and mean number of errors measured 

during performance of the EAT.  Two 2×2 ANOVAs were conducted with Group 

(Feedback, No-Feedback) as the between-subjects factor and Time (Pre, Post) as the 

within-subjects factor to examine awareness levels and prevalence of errors 

committed on the EAT.  None of the analyses reached significance (p>0.05).  
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Figure 4.4:  EAT Mean Percent Error Awareness Levels for Feedback and 

No-Feedback Intervention Groups at Pre- and Post-intervention 
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Figure 4.5:  EAT Mean Number of Commission Errors on ‘no-go’ Targets for 

Feedback and No-Feedback Intervention Groups at Pre- and Post-intervention 
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Control Group  

In order to examine the possible practice effects of repeated performance of the CPT, 

nine participants who had sustained an ABI were recruited for the control no-

treatment group.  These participants did not practise the DART-N during the four 

weeks between Time1 and Time2.  Age and months since trauma were not related to 

number of errors committed or error awareness (p>0.05).  The data are represented in 

Table 4.9.   

 

Table 4.9:  Percent Error Awareness and Number of Errors Committed on the 

DART at Time1 and Time2 

Mean (SD)
a 

Time1 Time2 

Including participants with 100% 

emergent awareness (N=9) 

  

Percent Error Awareness  70.33 (25.8) 75.03 (19.09) 

Number of Errors Committed  7.55 (5.34) 5.89 (4.07) 

Excluding participants with 100% 

emergent awareness (N=6) 

  

Percent Error Awareness  
55.5 (16.51) 65.88 (15.11) 

Number of Errors Committed  10 (4.82) 7.67 (3.62) 

 

Independent t-tests for normal distribution were used to examine differences between 

Time1 and Time2 with respect to the dependent variables number of errors 
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committed and emergent awareness.  There was a non-significant trend for a decrease 

in the number of errors committed on the DART [t(8)=2.00, p=0.0810].  Percent error 

awareness was not significantly different from Time1 to Time2 [t(8)=-0.81, p>0.05] 

for controls.  Three of these participants displayed perfect error awareness (100%) at 

Time1.  When these participants were excluded from the analyses, error awareness 

was not significantly different from Time1 to Time2 [t(5)=-1.43, p>0.05] and there 

was a less significant trend in the number of errors committed from Time1 to Time2 

on the DART [t(5)=2.09, p=0.0910]. 

 

Effect of Intervention on Metacognitive Awareness of Executive Behaviours 

Is there a significant effect of training on Self- and Family-Rating of metacognitive 

knowledge about frontal systems behaviours? 

Table 4.10 shows the relationship between age and months since trauma and frontal 

systems behaviours. Age was not significantly related to these deficits (p>0.05).  A 

longer time since trauma was significantly related to greater deficits in total frontal 

systems behaviours (rho=0.56, p<0.05) reported by family.  It was not related to self-

reported frontal systems behaviours. 

 

Since the relationship between age and self- and family-report of frontal systems 

behaviour was not significant analysis of covariance was not performed.  Months 

since trauma tended toward significant relationships with some of the dependent 

variables and as such did not warrant analysis of covariance. 
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Table 4.10:  Spearman’s Rho Correlation for relationships between Age at Time 

of Test and Months Since Trauma and Self- and Family-reports of frontal 

systems behaviours for Feedback and No-Feedback Groups at Pre-Intervention. 

 Age At Date of Test Months Since Trauma 

Group Feedback 

N=10 

No-

Feedback  

N=10 

Feedback  

N=10 

No-

Feedback  

N=10 

Self-Rated Apathy 0.49 -0.06 -0.19 0.16 

Family-Rated Apathy -0.02 0.32 0.76
*
 0.63

a 

p=0.0520 

Self-Rated Disinhibition 0.12 -0.09 -0.02 0.58
a 

p=0. 0770 

Family-Rated 

Disinhibition 

0.33 0.19 0.62
a 

p=0.0540 

0.18 

Self-Rated Executive 

Dysfunction 

0.04 -0.12 -0.38 0.41 

Family-Rated Executive 

Dysfunction 

0.44 0.83
**

 0.47 0.5 

*
 Significant at p<0.05 level.  

** 
Significant at p<0.01 level.  a=Trend toward 

significance.   

 

Table 4.11 lists means, standard deviations, and F-Values for apathy, disinhibition 

and executive dysfunction subscales.  A series of 2×2 ANOVAs with Group 

(Feedback, No-Feedback) as the between-subjects factor and Time (Pre, Post) as the 

within-subjects factor were conducted separately to examine self- and family-rated 

FrSBe tscores.  There was a trend toward a significant interaction between 

Intervention Group and Time [F(1,18)=4.22, p=0.0550] driven by a reduction in self-
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reported disinhibition from pre- to post-intervention for the no-feedback group.  No 

other variables reached significance. 

 

Table 4.11: Self- and Family-rated Frontal Systems Behaviour Subscales Means, 

Standard Deviations, F Values for Feedback and No-feedback Groups Pre- to Post-

intervention 

 

FrSBe 

 

Feedback 

N=10 

 

No-Feedback  

N=10 

ANOVA: 

Main Time 

Main Group 

 

Mean (SD) 

 

Pre 

 

Post 

 

Pre 

 

Post 

Interaction 

F Value 

Self-Rated 

Apathy 

60.7 

(14.19) 

58.9 

(16.74) 

71.2 

(18.13) 

62.8 

(14.58) 

2.98 

1.22 

1.25 

Self-Rated 

Disinhibition 

54.5 

(8.85) 

55.8 

(13.89) 

59.6 

(13.21) 

51.3 

(10.45) 

2.25 

<1 

4.22
**

 

Self-Rated 

Executive 

Dysfunction 

60.5 

(8.1) 

60.2 

(17.5) 

71.6 

(18.46) 

61.4 

(13.96) 

3.12 

1.04 

2.77 

Family-Rated 

Apathy 

80.7 

(21.71) 

82.7 

(17.21) 

76.5 

(16.37) 

72.5 

(18.47) 

<1 

1.00 

<1 

Family-Rated 

Disinhibition 

72.8 

(30.63) 

67.6 

(26.19) 

56.7 

(18.94) 

53.9 

(15.34) 

2.74 

2.12 

<1 

Family-Rated 

Executive 

Dysfunction 

79.5 

(23.58) 

81.2 

(21.03) 

74.6 

(11.18) 

69.8 

(10.29) 

<1 

1.17 

2.28 

**
Trend toward significance, p=0.0550.  
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For the dependent variable, self-rated total (metacognitive knowledge measured by 

the FrSBe) of overall frontal systems behaviour, there was a significant interaction 

between Time and Group [F(1,18)=7.88, p<0.05] (depicted in Fig. 4.6), no effect of 

Time [F(1,18)=3.35, p>0.05], and no effect of Group (F<1), indicating that the 

change in metacognitive knowledge was due to an interaction between pre- to post-

intervention and feedback or no-feedback conditions..  Bonferroni-corrected post hoc 

t-tests (independent and paired) revealed that severity of self-rated frontal systems 

behaviours did not differ significantly between groups at pre-intervention time 

[t(13.51)=1.66, p>0.05].  However, from pre- to post-intervention, the no-feedback 

group reported significantly less severity [t(9)=-3.14, p<0.05], while the feedback 

group reported no change in behaviours [t(9)=-0.73, p>0.05].  These decreases (Table 

4.10), in self-rated behaviours from pre- to post-intervention, may appear to reflect a 

reduction in frontal systems behaviour for the no-feedback group, but Table 4.11 

shows that the mean discrepancy between self- and family-ratings widened for this 

group while the feedback group self- and family-ratings became slightly closer. 

 

For the dependent variable, family-rated metacognitive knowledge, there was no 

interaction between Time and Group (F<1), no effect of Time [F(1,18)=1.05, p>0.05] 

(depicted in Fig. 4.7), and no effect of Group [F(1,18)=1.69, p>0.05] indicating that 

family perceptions of participants’ frontal systems behaviours did not change 

significantly from pre- to post-intervention.   
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Figure 4.6: FrSBe Self-Rated TScores Pre- and Post-intervention for 

Feedback and No-feedback groups 
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Figure 4.7: FrSBe Family-Rated TScores Pre- and Post-intervention 

for Feedback and No-feedback groups 
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Is there a significant effect of feedback on self and family discrepancy rating of 

metacognitive awareness in terms of apathy, disinhibition, executive dysfunction, and 

overall frontal systems behaviours? 

All dependent variables were normally distributed and hence a t-test was used to 

determine if there were any significant differences between the feedback and no-

feedback groups at pre-intervention.  Discrepancy between self- and family-rated 

frontal systems behaviours [t(18)=-1.60, p>0.05], apathy [t(18)=-1.23, p>0.05], 

disinhibition [t(18)=-1.87, p>0.05] and executive dysfunction [t(18)=-1.32 ,p>0.05] 

did not differ significantly.  

 

Table 4.12 shows the relationship between age and months since trauma and 

awareness of frontal systems behaviours.  Age was not significantly related to these 

deficits (p>0.05).  A longer time since trauma was significantly related to greater 

deficits in total frontal systems behaviours (rho=0.69, p<0.05) reported by family.  It 

was not related to self-reported frontal systems behaviours. 

 

Since the relationship between age and metacognitive awareness of frontal systems 

behaviour was not significant analysis of covariance was not performed.  Months 

since trauma was significantly related to some of the dependent variables and as such 

did not warrant analysis of covariance. 
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Table 4.12:  Spearman’s Rho Correlation for relationships between Age at Time of 

Test and Months Since Trauma and discrepancy between Self- and Family-rated 

Frontal Systems Behaviour Scale Subscales and Overall Scores for Feedback and 

No-Feedback Groups at Pre-Intervention 

 Age At Date of Test Months Since Trauma 

 

FrSBe Self-vs Family-

Rating 

rho 

Feedback 

N=10 

No-

Feedback  

N=10 

Feedback  

N=10 

No-

Feedback  

N=10 

 

Apathy 
0.18 -0.13 -0.69

*
 -0.21 

 

Disinhibition 
-0.46 -0.22 -0.58

a
 0.05 

 

Executive Dysfunction 
-0.42 -0.49 -0.41 0.01 

 

Overall Total Behaviours 
-0.3 -0.41 -0.66

*
 -0.04 

*
 Significant at p<0.05 level.  a=Trend toward significance.   

 

Table 4.13 lists means, standard deviations, and F-values for the dependent variables.  

Four 2×2 ANOVAs with Group (Feedback, No-Feedback) as the between-subjects 

factor and Time (Pre, Post) as the within-subjects factor were conducted separately to 

examine discrepancy scores between self and family FrSBe t-scores.  A trend toward 

significance (p=0.0740) was found for the effect of the intervention on discrepancy 

scores for disinhibition.  The scores for the feedback group tended to differ more 

significantly than the no-feedback group from pre- to post-intervention.  Examination 

of the mean scores shows that the feedback group became closer to their families’ 

interpretation of their disinhibition than the no-feedback group (Table 4.13).  No 

other significant differences were found (p>0.05). 
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Post hoc Bonferroni-corrected t-tests were carried out to investigate the effect of the 

intervention on disinhibition.  Neither the feedback [t(9)=-1.42, p>0.05] nor the no-

feedback [t(9)=1.27, p>0.05] group differed significantly from pre- to post-

intervention with respect to discrepancy between self- and family-rated disinhibition. 

 

Table 4.13: Discrepancy between Self- and Family-rated Frontal Systems Behaviour 

Scale Subscales and Overall Scores: Means, Standard Deviations, F Values for 

Feedback and No-feedback groups from Pre- to Post-Intervention 

FrSBe Self- vs 

Feedback  

(N=10) 

Mean (SD) 

No-Feedback  

(N=10)  

Mean (SD) 

Main Time 

Main Group 

Interaction 

Family-Rating Pre Post Pre Post F Value 

 

Apathy 

 

-20 

(29.25) 

 

-1.3 

(13.26) 

 

-5.3 

(24.05) 

 

-7 

(16.33) 

<1 

2.41 

<1 

 

Disinhibition 

 

-18.3 

(29.04) 

 

1.7 

(19.8) 

 

2.9 

(21.16) 

 

4.4 

(14.9) 

<1 

2.79 

3.61
**

 

 

Executive 

Dysfunction 

 

-19 

(29.45) 

 

2.5 

(28.57) 

 

-3 

(24.57) 

 

-1.7 

(13.1) 

1.02 

2.07 

<1 

 

Overall Total 

Behaviours 

 

-21.7 

(32.2) 

 

-19.2 

(25.11) 

 

-1.1 

(24.88) 

 

-6.9 

(18.77) 

<1 

2.26 

1.43 

*
Significant at p<0.05 level.  

**
 Trend toward significance p=0.0740.  
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Effect of Intervention on Metacognitive Awareness of Functional Competency 

and Cognitive Failures 

Is there a significant effect of feedback on Self- and Family-rated metacognitive 

knowledge of functional competency and awareness of mistakes?  

The feedback and no-feedback groups did not differ in terms of functional 

competency or cognitive failures at pre-intervention (p>0.05).  Neither age nor 

months since trauma was significantly related to metacognitive awareness of 

functional competency and cognitive failures (p>0.05).  Therefore analysis of 

covariance was not necessary.   

 

Means, standard deviations and F-Values are listed in Tables 4.14 and 4.15 for 

ANOVAs.  Two mixed 2×2 ANOVAs conducted with Group (Feedback, No-

Feedback) as between-subjects factor, and Time (Pre- , Post-intervention) as the 

within-subjects factor revealed no significant interactions or main effects for self- and 

family-rated metacognitive knowledge of functional competency, and awareness of 

everyday mistakes (p>0.05).   
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Table 4.14.  Patient Competency Rating Scale Means, Standard Deviations, F Values 

for Feedback and No-feedback groups from Pre- to Post-intervention 

 Feedback 

N=10 

Mean (SD) 

No-Feedback  

N=10 

Mean (SD) 

Main Time 

Main Group 

Interaction 

PCRS Pre Post Pre Post F Value 

 

Total Self-Rated 
 

122.9 

(13.47) 

 

121.4 

(11.83) 

 

116.67 

(11.24) 

 

119.44 

(8.95) 

<1 

1.22 

1.64 

 

Total Family-Rated 
 

99.8 

(19.22) 

 

101.1 

(15.46) 

 

105.67 

(15.7) 

 

107.67 

(12.89) 

<1 

<1 

<1 
 

Self/Family 

Discrepancy 

 

23.1 

(24.5) 

 

20.3 

(14.67) 

 

11 

(15.64) 

 

11.78 

(11.79) 

<1 

1.88 

<1 

Number of Items 

Self Higher Score 

than Family 

 

16.3 

(7.65) 

 

17 

  (5.16) 

 

12.44 

(7.35) 

 

12.67 

(4.27) 

<1 

2.61 

<1 

Number of Items 

Self Lower Score 

than Family 

 

5.7 

  (6.31) 

 

4 

  (3.23) 

 

7 

  (4.21) 

 

6.11 

(3.66) 

1.69 

<1 

<1 

Number of Items 

Self Same Score as 

Family 

 

8 

  (4.11) 

 

9 

  (4.42) 

 

10.56 

(4.48) 

 

11.22 

(1.92) 

<1 

2.52 

<1 

Note:  All not significant (p>0.05).  
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Table 4.15:  Cognitive Failures Questionnaire Means, Standard Deviations, F Values for 

Feedback and No-feedback groups from Pre- to Post-intervention 

 Feedback 

N=10  

Mean (SD) 

No-Feedback  

N=10  

Mean (SD) 

Main Time 

Main Group 

Interaction 

CFQ  Pre Post Pre Post F Value 

 

Total Self-Rated 
 

24.4  

(11.66) 

 

24.6  

(11.14) 

 

36.3  

(18.79) 

 

34.1  

(16.24) 

<1 

2.88 

<1 

 

Total Family-

Rated 

 

20  

(6.99) 

 

19.7 

(5.91) 

 

17.7 

(5.48) 

 

16.8  

(6.55) 

<1 

1.02 

<1 
 

Average Self-

Rated 

 

0.98  

(0.47) 

 

0.98  

(0.45) 

 

1.45  

(0.75) 

 

1.36  

(0.65) 

<1 

2.88 

<1 
 

Average Family-

Rated 

 

2.5  

(0.88) 

 

2.47  

(0.74) 

 

2.21  

(0.69) 

 

2.1  

(0.82) 

<1 

1.02 

<1 

Self Average / 

Family Average  

Discrepancy 

 

1.52  

(1.08) 

 

-1.48  

(0.84) 

 

0.76  

(0.92) 

 

-0.74  

(0.96) 

<1 

3.6 

<1 

Self-Rated 

Distraction 

Subscale 

 

10.6  

(5.06) 

 

10.9  

(4.77) 

 

15.8  

(9.93) 

 

14.6  

(7.41) 

<1 

2.24 

<1 

 

Self-Rated  

Blunders Subscale 

 

6.4  

(4.62) 

 

6.3  

(4.03) 

 

10  

(5.1) 

 

8.5 

(3.92) 

1.87 

2.33 

1.43 
 

Note: All not significant (p>0.05).  
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Effect of Intervention on Anticipatory Awareness 

Anticipatory awareness was operationalised as prediction skills on the FAS.  All FAS 

dependent variable scores at pre-intervention were normally distributed.  A t-test was 

used to compare the feedback and no-feedback groups at pre-intervention.  The no-

feedback group was significantly more accurate at predicting phonetic fluency than 

the feedback group [t(13)=-2.3, p<0.05].  There were no other significant differences 

in terms of accuracy of prediction between the groups at pre-intervention (p>0.05). 

 

Age and months since trauma were not significantly related to prediction accuracy for 

phonetic or semantic fluency (p>0.05).  Therefore, analysis of covariance was not 

necessary.   

 

Is there a significant effect of feedback on Anticipatory Awareness? 

Two mixed 2×2 ANOVAs were conducted separately for accuracy of prediction 

skills in phonetic and semantic fluency (Table 4.16).  Intervention Group (Feedback 

and No-Feedback) was the between-subjects factor, and Time (Pre- and Post-

intervention) was the within-subjects factor.  A non-significant main effect of Time 

[F(1,13)=3.94, p=0.0690] indicated that prediction of phonetic fluency tended to 

become more accurate from pre- to post-intervention for both the feedback and no-

feedback groups.  No main effect of Intervention Group [F(1,13)=1.37, p>0.05] was 

found.  Fig. 4.8 depicts a non-significant trend [F(1,13)=3.96, p=0.0680] toward an 

interaction between Time and Intervention for accuracy of prediction of phonetic 
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fluency, indicating that, from pre- to post-intervention, the groups differed in 

predicting the number of words they would say.   

Figure 4.8: Accuracy of Prediction Phonetic Fluency Feedback and No-

Feedback from Pre- to Post-intervention 

 

Post hoc Bonferroni-corrected paired t-tests revealed that accuracy of prediction of 

phonetic fluency improved significantly from pre- to post-intervention for the 

feedback group [t(6)=4.26, p<0.05], while the no-feedback group did not change 

significantly [t(7)= 0.07, p>0.05].  This difference may have been driven by a 

significant difference between the groups at pre-intervention time (Table 4.6) with the 

feedback group significantly over-predicting the number of words they would say.  
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For the dependent variable, accuracy of prediction of semantic fluency, no significant 

interaction between Time and Intervention [F(1,13)=1.03, p>0.05], no main effect of 

Time [F(1,13)=1.94, p>0.05], and no main effect of Intervention (F<1) were found.  
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Table 4.16:  FAS Mean Accuracy of Predicting Phonetic and Semantic Fluency for Feedback and No-feedback groups from Pre- to 

Post-Intervention 

 

Feedback  

Mean (SD) 

No-Feedback  

Mean (SD) 

Main Time 

Main Group 

Interaction 

FAS  Pre Post Pre Post F Value 

% Prediction
a
 

Accuracy 

Phonetic 

Fluency 

83.14 (51.36) 

Range=11.11 to 169.23 

N=7 

7.58 (35.55) 

Range=-50 to 60 

N=7 

23.64 (48.74) 

Range=-36.84 to 106.9 

N=8 

-3.9 (52.24) 

Range=-110 to 61.67 

N=8 

3.94
**

,p=0.0690 

1.37 

3.96
**

,p=0.0680 

% Prediction
a
 

Accuracy 

Semantic 

Fluency 

13.22 (45.73) 

Range=-64.29 to 73.08 

N=7 

8.01 (28.32) 

Range=-42.33 to 46.67 

N=7 

-10.8 (23.19) 

Range=-40 to 26.32 

N=8 

2.58 (28.35) 

Range=-41.67 to 53.33 

N=8 

1.03 

<1 

1.94 
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Effect of Intervention on Performance 

Is there a significant effect of feedback on DART, SART and EAT Mean Response 

Times for ‘Go’ Targets? 

Table 4.8 shows the means and standard deviations for the DART, SART and EAT 

variables at pre- and post-intervention for the feedback and no-feedback groups.  

DART and SART mean ‘go’ RTs were analysed separately using mixed ANOVAs 

with Intervention Group (Feedback and No-Feedback) as the between-subjects factor, 

and Time (Pre- and Post-intervention) as the within-subjects factor.  

 

For the DART mean RTs, there was no significant interaction effect between Time 

and Intervention Group [F(1,18)=1.55, p=0.23] (see Fig. 4.9(a)).  There was a 

significant main effect of Time [F(1,18)=14.21, p=0.001] with both groups showing 

an expected decrease in mean RTs from pre- to post-intervention.  Main effect of 

Intervention Group was not significant (F<1). 

 

A trend toward significant interaction between Time and Intervention Group 

[F(1,18)=4.1, p=0.0580] for SART mean RTs is depicted in Fig. 4.9(b).  A strong 

main effect of Time [F(1,18)=7.8, p<0.05] was driven by a shortening of RTs from 

pre- to post-intervention.  No main effect of Intervention Group was found (F<1).  

Post hoc t-tests (independent and paired) revealed that RTs shortened significantly 

from pre- to post-intervention for the feedback group [t(9)=2.61, p<0.025 (Bonferroni 

corrected), while the no-feedback group did not change [t(9)= 0.994, p>0.05].  
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Fig. 4.9(c) depicts the pre- and post-intervention EAT RTs.  The EAT pre-

intervention mean RTs were not normally distributed for the feedback group 

[Kolmogorov-Smirnov: df=9, p<0.05; Shapiro-Wilk: df=9, p<0.05].  Two Kruskall-

Wallis tests were used to determine if there was a difference between feedback and 

no-feedback groups.  No significant differences were found at pre-intervention 

[H(1)=0.16, p>0.05] and post-intervention [H(1)=2.12, p>0.05] times.  A paired t-test 

was used to analyse the normally distributed no-feedback group data.  No significant 

difference was found from pre- to post-intervention [t(8)=-0.91, p>0.05].  A 

Wilcoxon Rank-Sum test was used to analyse the non-normally distributed feedback 

group data.  No significant difference was found from pre- to post-intervention [Z=-

1.48, p>0.05].  Although not significant, Fig. 4.9(c) shows that mean RTs from pre- 

to post-intervention reduced for the feedback group and increased for the no-feedback 

group.   

 

Figs. 4.9(a) and 4.9(c) demonstrate the spread and overlap of DART and EAT mean 

RTs respectively at pre-and post-intervention.  Lack of statistically significant 

differences between the groups and from pre- to post-intervention may be masked by 

the large spread and concomitant overlap of RTs between the groups and from pre- to 

post-intervention.    
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Figure 4.9(a): DART Mean Response Times from Pre- to Post-intervention 

for Feedback and No-Feedback Intervention Groups. (significant main 

effect of time) 
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Figure 4.9(b): SART Mean Response Times from Pre- to Post-intervention 

for Feedback and No-Feedback Intervention Groups. (significant main effect 

of time, trend toward significant interaction between time and group) 
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Figure 4.9(c): EAT Mean Response Times from Pre- to Post-intervention for 

Feedback and No-Feedback Intervention Groups 

 

Is there a significant effect of feedback on IIV of RTs?  

Age and months since trauma were not significantly related to IIV on the SART, 

DART or EAT (p>0.05).  Therefore, analysis of covariance was not necessary.   

 

Performance on the DART, SART and EAT was examined for IIV using mixed 

ANOVAs conducted separately for the DART, SART, and EAT mean variability of 

performance (operationalised as the coefficient of variation) across trials as the 

dependent variables.  Between-subjects factors were Intervention Group (Feedback 

and No-Feedback), and within-subjects were Time (Pre- and Post-intervention).  

There was no significant interaction between Intervention Group and Time on either 
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DART (F<1), SART (F<1) or EAT (F<1).  There was a significant main effect of 

Time with both groups demonstrating reduced variability of performance in DART 

[F(1,18)=11.12, p<0.01], SART [F(1,18)=8.98, p<0.01] and EAT [F(1,16)=9.42, 

p<0.01] from pre- to post-intervention (Figs. 4.10(a), (b), (c)).  The main effect of 

Intervention Group was not significant for DART (F<1), SART (F<1), or EAT (F<1). 
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Figure 4.10(a): DART RT Mean Coefficient of Variability (IIV) from 

Pre- to Post-intervention for Feedback and No-feedback groups 
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Figure 4.10(b): SART RT Mean Coefficient of Variability (IIV) from 

Pre- to Post-intervention for Feedback and No-feedback groups 
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Figure 4.10(c): EAT RT Mean Coefficient of Variability (IIV) from 

Pre- to Post-intervention for Feedback and No-feedback groups 

 

Does feedback affect RTs between trials 9 and 1, 1 and 2, and 2 and 4? 

In previous research mean RTs between trials 9 and 1 increased, 1 and 2 decreased, 

and 2 and 4 increased in neurologically healthy individuals’ performance on errorless 

runs (NoErr: no error on trial 3) of SART (Dockree et al., 2005).  In the present 

study, Fig. 4.11(a) shows that DART-N mean RTs for trials 9, 1, 2, 4, 5, 6, 7, 8 (from 

errorless runs) fit this pattern for the feedback group at post-intervention time, while 

the no-feedback group did not appear to lengthen responses for trial 4.  In order to 

investigate any effect of feedback from pre-to post-intervention on the dependent 

variable DART-N trial mean RT, a 2×2×8 mixed ANOVA was conducted with Time 

(Pre- and Post-intervention) and Trial (9,1,2,4,5,6,7,8) as within-subjects factors, and 

Group (Feedback and No-Feedback) as between-subjects factor.  Main effect of Time 
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[F(1,18)=17.6, p<0.01] indicated that RTs shortened significantly from pre- to post-

intervention.  There were no main effects of Trial [F(7,126)=1.29, p>0.05], or Group 

(F<1). No interactions were found between Time and Group (F<1), Trial and Group 

[F(7,126)=1.81, p>0.1], Time and Trial (F<1), or Time, Trial and Group (F<1) 

suggesting that feedback did not influence RTs.   

 

The strong effect of time may have confounded a potential interaction between 

groups for the lengthening of RT from trial 2 to trial 4.  To investigate this possibility 

the dependent variables post-intervention RTs for trials 2 and 4 were examined using 

a mixed 2X2 ANOVA with Trial (2 and 4) as within-subjects, and Intervention Group 

(Feedback and No-Feedback) as the between-subjects factors.  There was no main 

effect of Trial [F(1,18)=1.39,p>0.05] or Intervention Group (F<1).  Fig. 4.11(b) 

depicts a significant interaction between Trial and Intervention Group [F(1,18)=7.01, 

p<0.05].  Two post hoc independent t-test were run to explore the interaction between 

trial and group.  No significant distinctions were found between the groups in terms 

of Trial 2 RT [t(1,18)=-0.36, p>0.05] or Trial 4 RT [t(1,18)=-1.63, p>0.05] at post-

intervention.  However, since all the RTs became slower for trial 4 and there were no 

significant differences found between the groups at pre-intervention time for Trial 2 

RT [t(1,18)=-0.74, p>0.05] and Trial 4 RT [t(1,18)=-1.22, p>0.05], the difference 

between trial 2 and trial 4 RTs at post-intervention were examined.  An independent 

t-test revealed that the feedback group demonstrated significantly greater slowing of 

RTs from trial 2 to trial 4 than the no-feedback group [t(1,18)=-2.65, p<0.05].   
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Figure 4.11(a): Pre- and Post-intervention DART-N Mean Response 

Times for all Trials by Intervention Group 
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Figure 4.11(b): Post-intervention DART-N Mean Response Times 

for Trials 2 and 4 by Intervention Group  

 

Since there was no significant effect of feedback on RTs from pre- to post-

intervention, both groups were collapsed together to investigate possible effects of 

intervention on pattern of RTs.  A paired t-test revealed a significant difference in 

discrepancy between RTs for trial 9 and trial 1 from pre- to post-intervention [t(19)=-

2.32, p<0.05] which may indicate a change in goal representation from responding 

mode to preparation for inhibiting response mode leading up to the ‘no-go’ trial 3.  

However, as the discrepancy may have reduced because of significantly faster RTs 

following intervention, the RTs from trial 9 to trial 1 at post-intervention time were 

examined to avoid confounding by generally quicker RTs.  A mixed ANOVA was 
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run with Trial (9 and 1) as within-subjects factor, Intervention Group (Feedback and 

No-Feedback) as between-subjects factor, and post-intervention RT as dependent 

variable.  No effect of Intervention Group (F<1), and no interaction between Trial 

and Intervention Group (F<1) were found.  Response time for trial 1 was significantly 

slower than trial 9 at post-intervention time for both groups [F(1,18)=9.49, p<0.01].   

 

Effect of Intervention on Transfer of Gains 

Is there a transfer of improvements to online error awareness and IIV in other tasks? 

 

Table 4.8 shows the mean and standard deviations for percent error awareness, 

number of errors committed and mean RTs for the feedback and no-feedback groups 

at pre- and post-intervention times.  The EAT paradigm was administered to establish 

if improvements in error awareness on the DART transferred into performance of a 

different ‘go/no-go’ task.   

 

Three mixed ANOVAs were conducted for each of the EAT dependent variables.  

Time (Pre- and Post-intervention) was the within-subjects factor, and Intervention 

Group (Feedback and No-Feedback) was the between-subjects factor.   

 

No interaction was found between Time and Intervention for dependent variable 

percent error awareness (F<1).  There was no main effect of Time [F(1,16)=2.36, 

p>0.05], and no main effect of Intervention Group [F(1,16)=1.24, p>0.05].   
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For dependent variable number of errors of commission, no interaction was found 

between Time and Intervention (F<1).  There was no main effect of Time 

[F(1,16)=1.9, p>0.05] or Intervention Group (F<1).   

 

No interaction was found between Time and Intervention for dependent variable 

mean go RT [F(1,16)=2.64, p>0.05].  There was no main effect of Time (F<1), and 

no main effect of Intervention Group [F(1,16)=1.28, p>0.05].   

 

Transfer of gains was evident in the improvement in IIV found on the EAT from pre- 

to post-intervention Fig. 4.10 (c). 

 

Is there a transfer of improvements to awareness of everyday mistakes?  

Table 4.17 lists means, standard deviations for family-rated total of frequency of 

unawareness of everyday minor mistakes.  These were analysed using a mixed 

ANOVA with Time (Pre- and Post-intervention) as the within-subjects factor, and 

Intervention Group (Feedback and No-Feedback) as the between-subjects factor.  A 

significant main effect of Time [F(1,16)=5.43, p<0.05] was driven by a reduction in 

family-report of frequency of impaired awareness of everyday mistakes.  No 

interaction between Time and Group was found [F(1,16)=2.2, p>0.05], and no main 

effect of Intervention Group (F<1) indicating that feedback did not influence 

frequency of awareness of everyday mistakes.  However, according to family-reports, 

participants became more aware of those everyday mistakes identified by their 

families. 
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Table 4.17:  Family-Rated Personalised Awareness Questionnaire, Means and 

Standard Deviations for Feedback and No-feedback groups from Pre- to Post-

intervention 

 

General Awareness 

Feedback 

N=9 

No-Feedback  

N=8 

Personalised Items 

Mean (SD) 

 

Pre 

 

Post 

 

Pre- 

 

Post 

 

Everyday Minor 

Mistakes 

 

11.67 (5.34) 

 

 

10.78 (18.19) 

 

12.12 (4.42) 

 

9 (5.78) 

 

Is there a significant effect of feedback on executive control of estimation skills? 

Spearman’s Correlations for non-normal distribution revealed that age and months 

since trauma were not significantly related to accuracy of estimation skills (p>0.05).  

Two mixed ANOVAs were conducted to analyse accuracy of estimation skills in 

phonetic and semantic fluency.  Intervention Group (Two levels: Feedback and No-

Feedback) was the between-subjects factor, and Time (Pre- and Post-intervention) 

was the within-subjects factor.  There was no significant interaction between Time 

and Intervention (F<1), no main effect of Time [F(1,10)=2.4, p>0.05], and no main 

effect of Group [F(1,10)=1.2, p>0.05] for dependent variable mean accuracy of 

estimation for phonetic fluency.  There was no significant interaction between Time 

and Group (F<1), no main effect of Time (F<1), and no main effect of Group (F<1) 

for mean accuracy of estimation for semantic fluency.  
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Effect of Intervention combined with type of ABI 

Is there an effect of feedback combined with type of acquired brain damage on error 

awareness? 

In order to further separate the effects of feedback-on-error awareness, data were 

analysed by Intervention Group and Type of ABI (Brain Injury/Illness).  Table 4.18 

lists the demographics for this breakdown. 
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Table 4.18:  Characteristics of Participants by Intervention Group and Type of ABI 

(Brain Injury or Brain Illness) 

 
 

Feedback Group 

N=10 

 

No-Feedback Group 

N=10 

 Injury(N=6) 

 

Illness(N=4) 

 

Injury(N=5) 

 

Illness(N=5) 

 

Gender (Male, Female) 5, 1 2, 2 3, 2 4, 1 

Age (Years) 27.2 49.49 33.78 56.07 

Pre-morbid Full IQ  

(Measured by NART) 
96.91 100.53 100.59 105.8 

Pre-morbid 

Performance IQ 

(Measured by NART) 
97.92 101.13 101.18 105.8 

 

Education Level
1 1, 2, 3 1, 3 1, 3, 1 3, 1, 1 

Level of Awareness  

(Percent) 
41.75 48.74 62.08 31.65 

Months since Trauma 
66.66 18.47 7.57 9.13 

 

1
Education Level: 12 years or less, School Leaving Qualification, >16years/Further  

 

Firstly, age and months since trauma were examined to determine if there were any 

covariances with emergent awareness for the four groups (Feedback Injury, Feedback 

Illness, No-Feedback Injury, No-Feedback Illness).  Spearman’s Rho Correlations for 
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non-normal data and Pearson’s correlations for normal data revealed no significant 

relationships between age and months since trauma and emergent awareness 

(p>0.05).  A mixed ANOVA was conducted with ABI Group (Four Levels: Feedback 

Injury, Feedback Illness, No-Feedback Injury, and No-Feedback Illness), Time (Pre- 

and Post-intervention) as the within-subjects factor, and percent error awareness as 

the dependent variable.  A significant Time by ABI Group [F(3,16)=3.65, p<0.05] 

interaction, a significant main effect of Time [F(1,16)=16.67, p<0.01], and no main 

effect of ABI Group (F<1) depicted in Fig. 4.12(a) indicated that a general increase in 

awareness levels from pre- to post-intervention differed between Groups.  Post hoc 

paired t-tests revealed a significant improvement in emergent awareness for the 

Feedback Injury [t(5)=-3.53, p<0.05], Feedback Illness [t(3)=-4.13, p<0.05], and No-

Feedback Illness [t(4)=-6.35, p<0.01] Groups from pre- to post-intervention.  

However, awareness levels for the No-Feedback Injury Group deteriorated from pre- 

to post-intervention but not significantly [t(4)=0.47, p>0.05].  Graphs (b), (c), and (e) 

in Fig. 4.12 depict improvement from pre- to post-intervention for each participants 

in all groups except the No-Feedback Injury Group (Fig. 4.12(d)) where two became 

more unaware, awareness remained static for two, and only one improved 

substantially.   
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Figure 4.12(a): Time by Group Interaction Mean Percent Awareness Pre- and 

Post-intervention by Intervention Group and Type of ABI 
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Figure 4.12(b): Feedback Injury Group Participants (N=6) Mean Percent 

Awareness Pre- and Post-intervention by Intervention Group and Type of ABI 
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Figure 4.12(c): Feedback Illness Group Participants, N=4 Mean Percent 

Awareness Pre- and Post-intervention by Intervention Group and Type of ABI 
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Figure 4.12(d): No-Feedback Injury Group Participants (N=5) Mean Percent 

Awareness Pre- and Post-intervention by Intervention Group and Type of ABI 
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Figure 4.12(e): No-Feedback Illness Group Participants (N=5) Mean Percent 

Awareness Pre- and Post-intervention by Intervention Group and Type of ABI 

 

In an attempt to explain the poor outcome of the no-feedback brain injury group, 

measures of attention were explored.  Greater sustained attention has been strongly 

linked with higher levels of emergent awareness in Chapter 2 of this thesis.  Table 

4.19 lists the means and standard deviations for the groups.  Four Spearman’s 

Correlations revealed that TEA variables for the four groups did not covary with age 

and months since trauma (p>0.05).  A one-way ANOVA, used to compare attention 

measured by the TEA (phone search), between the four groups (Feedback Injury, 

Feedback Illness, No-Feedback Injury, and No-Feedback Illness) at pre-intervention 

[F(1,19)=7.22, p<0.01], revealed that individuals in the brain injury group were faster 

(mean=105.09 seconds) than those in the brain illness group (mean=223.11 seconds) 

at finding the same number of targets (mean=17).   
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Another explanation for lack of increase in emergent awareness between the groups 

may be differences in IIV.  In Chapter 2 of this thesis, IIV was substantially better in 

the high emergent awareness group.  Exploring potential differential effects of IIV on 

emergent awareness was therefore considered.  Table 4.19 lists the means and 

standard deviations for the four groups.  Four Pearson’s Correlations revealed that 

IIV did not covary with age or months since trauma (p>0.05).  A one-way ANOVA 

was used to compare IIV between groups (Feedback Injury, Feedback Illness, No-

Feedback Injury, and No-Feedback Illness) at pre-intervention.  No significance was 

found for IIV on the DART [F(1,19)=1.36, p>0.05], SART [F(1,19)=1.33, p>0.05] 

and EAT [F(1,19)=0.86, p>0.05].  
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Table 4.19:  Sustained Attention on the TEA and IIV on the SART, DART and 

EAT: Means and Standard Deviations by Brain Injury and Brain Illness Group 

 
 

Feedback Group 

Mean(SD) 

 

No-Feedback Group 

Mean(SD) 

 Injury(N=6) 

 

Illness(N=4) 

 

Injury(N=5) 

 

Illness(N=5) 

 

Test of Everyday 

Attention (Time in 

Seconds) 

102.33 

(35.98) 

162.75 

(77.66) 

108.4 

(39.23) 

271.4 

(99.57) 

Test of Everyday 

Attention (Mean 

Targets Found) 

16.67 

(6.31) 

17 

(4.76) 

17.6 

(3.21) 

17.6 

(1.67) 

SART IIV 

0.53 

(0.25) 

0.35 

(0.12) 

0.47 

(0.08) 

0.37 

(0.1) 

DART IIV 

0.4 

(0.09) 

0.33 

(0.06) 

0.43 

(0.14) 

0.32 

(0.06) 

EAT IIV 

0.36 

(0.11) 

0.24 

(0.04) 

0.31 

(0.12) 

0.32 

(0.08) 

 



249 

Data fit with Models of Awareness 

The premise of the Pyramid Model of awareness that metacognitive awareness must 

be in place before emergent awareness can be developed was investigated using a 

correlation between the discrepancy scores of the metacognitive measures (FrSBe, 

PCRS, CFQ) and the change in emergent awareness on the DART from pre- to post-

intervention.  Table 4.20 lists the results from Spearman’s Correlations for non-

normally distributed data, which revealed no significant relationships between 

discrepancy scores and changes in emergent awareness and anticipatory awareness 

(p>0.05).  This suggests that level of metacognitive awareness did not influence the 

change in emergent awareness or anticipatory awareness from pre- to post-

intervention.   
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Table 4.20:  Spearman’s Rho Correlation for relationships between 

Metacognitive Awareness at Pre-intervention and the change in Emergent 

Awareness from Pre- to Post-intervention 

 

 

 

Metacognitive Awareness 

Self vs Family Discrepancy  

DART Emergent 

Awareness 

Pre-intervention 

minus 

Post-intervention 

N=20 

Anticipatory 

Awareness 

Pre-intervention 

minus  

Post-intervention 

N=20 

Frontal Systems Behaviour (FrSBe) -0.25 0.13 

FrSBe Apathy -0.21 0.16 

FrSBe Disinhibition -0.19 -0.03 

FrSBe Executive Dysfunction -0.21 0.05 

Patient Competency Rating Scale 

(PCRS) 

0.24 0.15 

Cognitive Failures Questionnaire 

Average (CFQ) 

-0.19 -0.1 

 

 

4.4 Discussion 

A computer-based intervention programme, based on the design of the DART 

(Dockree et al., 2006) paradigm, was developed to investigate the effects of 
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performing a sustained attention task with and without audio-visual feedback-on-

error on emergent awareness following ABI.  In addition to the feedback, another 

version of the DART was created to display a series of photographic images instead 

of numbers.  The effect of number stimuli (DART-N) and photograph stimuli 

(DART-I) on performance and awareness were similar in 10 neurologically healthy 

participants.  This enabled DART-N and DART-I to be included in each intervention 

session to reduce the potential for boredom with number stimuli alone.   

 

Twenty adults who sustained an ABI participated in the study at the National 

Rehabilitation Hospital, Dublin over the course of two years.  Participants were 

randomly assigned to the feedback or no-feedback group.  Each participant attended 

eight 40-minute sessions, administered over a period of three to seven weeks at times 

convenient to the participant.  During each session participants performed two blocks 

of each sustained attention task - DART-N and DART-I (Fig. 4.1).  Emergent and 

metacognitive awareness levels were measured at pre- and post-intervention time.   

 

A further nine individuals, who had sustained an ABI, were recruited for the control 

group after the study was completed with the intention of examining the possible 

effects of practice of the DART on number of errors committed and level of emergent 

awareness.  Accuracy and awareness levels were measured on two separate 

occasions, four weeks apart.  The group was not carefully selected with respect to 

emergent awareness level and therefore some of the participants demonstrated high 

levels of awareness.  There were no substantial differences in errors committed or 
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emergent awareness in this no-intervention control group from Time1 to Time2 even 

when participants with high awareness were excluded. 

 

Following intervention, emergent awareness and anticipatory awareness improved.  

Response times, IIV and number of errors committed reduced.  Self-reported frontal 

systems behaviours, family-reported awareness of minor mistakes specifically 

relevant to each participant, and some transfer of gains were witnessed in assessment 

of metacognitive awareness following the intervention for all participants in the 

feedback and no-feedback groups.  Family-reports of frontal systems behaviours, 

functional competency, and general cognitive failures remained unaffected by the 

intervention.  Benefits of audio-visual feedback over no feedback were evidenced in 

word-finding phonetic fluency, accuracy of prediction skills and RT slowing before 

and after the ‘no-go’ target.  No difference in estimation skills or awareness levels on 

the EAT were evident from pre- to post-intervention.  Number of errors committed on 

the EAT were substantially lower following the intervention, which may be 

interpreted as evidence of a crossover of gains to a different but similar paradigm.   

 

Emergent Awareness 

Gains in emergent awareness were observed in both groups following intervention.  

The length of time since sustaining a trauma was not related to levels of emergent 

awareness in both the feedback group and the no-feedback groups.  There was no 

evidence to indicate that feedback was better than no feedback in improving error 

awareness and decreasing number of errors committed.  Both groups improved their 
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performance of responding to stimuli displayed on screen suggesting that improving 

the capacity to sustain attention also enhanced emergent awareness skills of self-

monitoring and self-evaluating performance.  Given that sustained attention has been 

associated with emergent awareness during performance of the DART (O’Keeffe et 

al., 2007b) and that feedback-on-error improved performance on the DART for TBI 

patients and neurologically healthy individuals (McAvinue et al., 2005), it was 

unexpected to find no differentiation in error awareness between the groups in the 

current study.  One possible explanation for this phenomenon may be that the audio-

visual feedback served as an alerting mechanism that brought the participants’ 

attention back to the goal state and that the participants in the no-feedback group used 

some other skill to maintain the goal state.   

 

Metacognitive Awareness 

Metacognitive awareness did not change substantially in either group as a 

consequence of intervention to improve emergent awareness.  Therefore, the 

interactional feature of the CDIM (Toglia & Kirk, 2000) and Biopsychosocial 

(Ownsworth, Clare & Morris, 2006) models of awareness was not evidenced in the 

current study.  Conversely, changes in emergent awareness took place from pre- to 

post-intervention irrespective of levels of metacognitive awareness at pre-

intervention, suggesting that improvement in error awareness, self-monitoring, self-

evaluating and self-regulating behaviour was not dependent upon metacognitive 

awareness being in place.  The premise of the two models cited above, that 

metacognitive and online awareness are dynamically rather than hierarchically 
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related, has been supported by the change in error awareness regardless of levels of 

metacognitive awareness.  This finding would appear to refute the hierarchical feature 

of the Pyramid Model (Crosson et al., 1989).  On the other hand, it could also be 

argued that pre-intervention metacognitive awareness level was sufficient to facilitate 

enhancement in emergent awareness.  It is not possible to confirm this argument since 

Crosson et al. (1989) did not state the base level of metacognitive awareness required 

to enable the development of emergent awareness.    

 

A trend toward reduction in severity of self-reported disinhibition and significant 

reduction in self-reported total frontal behaviours following intervention for the no-

feedback group was not corroborated by family-rated frontal behaviours as the 

discrepancy between self- and family-ratings increased following intervention.  This 

suggests that the feedback group believed that their executive behaviour became 

more appropriate especially with regard to disinhibition.  In contrast, their families 

did not report changes in their behaviour from pre- to post-intervention.  It could be 

argued that families did not notice subtle changes in behaviour in the timeframe of 

the intervention.  Performance on the RT tasks improved following the intervention 

programme, which suggests that there may have been some improvement in self-

evaluative processes.  In support of the improvement in self-rated disinhibition for the 

no-feedback group, it is possible that repetition without feedback over time gave 

participants more opportunity to monitor their own performance leading to more self-

initiated evaluation of frontal behaviours even though these changes were not 

corroborated by family (O’Connor et al., 2004).   
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Being able to utilise error information effectively is vital for avoidance of errors 

(Konow & Pribram, 1970).  Awareness of errors is an important factor in error 

processing and the ability to incorporate this awareness into metacognitive 

knowledge and consequent regulation of behaviour is essential for rehabilitation.  

Signs of improvement in self-evaluation and goal representation elements of 

metacognitive awareness were found during performance of the DART.  Slower RTs 

on trial 4, marking the beginning of a new goal sequence of responding to all trials, 

has been interpreted, in previous studies, as a time to evaluate performance following 

the critical ‘no-go’ trial 3 and to re-establish goal representations in anticipation of 

upcoming go trials (Dockree et al., 2005).    Although errors were not significantly 

reduced post-intervention, greater slowing on trial 4 in the feedback group suggests 

greater performance monitoring which may underlie emergent properties of 

awareness.  In the current study, the feedback group was significantly slower than the 

no-feedback group on trial 4, which represents a goal change from inhibiting 

response to responding to stimuli.  This may indicate an improvement in connections 

between apprehending instructions and establishing internal representation for the 

switch in goal from inhibiting to responding for those who received feedback (Luria 

& Homskaya, 1964).  This slowing in RT before the goal may be indicative of a 

realisation that attention to the goal requires deliberate performance monitoring and 

evaluation in order to attain the goal.   

 

It appears from these observations that the feedback group members improved more 

at utilising error information and storing it as part of their metacognitive knowledge 

than the no-feedback group.  However, this was not manifested in improvements in 
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metacognitive awareness measured by the FrSBe, PCRS and CFQ in the current 

study.  Another reason for this improvement might be the increase in awareness of 

disinhibition from pre- to post-intervention for the feedback group.  Cognitive 

functions such as sustained attention sometimes fail as a consequence of an inability 

to inhibit response at the pre-determined stimulus during performance of CPTs such 

as the DART (Dockree et al., 2006; Robertson et al., 1997).  Improved awareness of 

disinhibition may lead to more careful responding, reporting of aware errors, 

attention to monitoring and evaluating the sequence of stimuli and regulating 

behaviour to slower RTs before an imminent goal change at trials 9 and 4.  

 

Performance 

Simple continuous repetitive performance tasks such as the DART, SART and EAT 

were designed to encourage an automatic, inattentive response set (Robertson et al., 

1997; Hester et al., 2005).  The rarity of the ‘no-go’ stimulus requires sustained 

attention to attend to a switch in goal from responding to inhibiting response.  

Switching goals like this in a sequence of stimuli is often difficult for dysexecutive 

patients and could contribute to the number of errors committed as a consequence of 

automatic perseverative responding (Manly et al., 2004).  In the present study, 

perseveration was not related to the number of errors committed.  However, this was 

deduced from one item on the FrSBe. 

 

The feedback group tended to be better than the no-feedback group at regulating RTs 

on the SART from pre- to post-intervention.  Improved performance indicated by 
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faster RTs and fewer errors during the DART and SART, implicitly demonstrated the 

use of emergent awareness skills such as self-monitoring and self-regulating 

behaviour and anticipatory awareness following intervention.  However, no evidence 

in terms of increased emergent awareness for the feedback group over the no-

feedback group was found to support this deduction.  Emergent awareness increased 

for all participants from pre- to post-intervention.    

 

Performance on the EAT (though not statistically significant) followed this pattern of 

faster RTs from pre- to post-intervention for the feedback group.  Slower RTs were 

observed for the no-feedback group at post-intervention time suggesting that they 

found this task more difficult than the feedback group at post-intervention. 

 

These findings are encouraging for clinical practice.  The ease of administering this 

intervention makes it a useful mechanism for improving a person’s awareness and 

processing speed in a controlled scientific way.   

 

Intra-individual Variability 

In addition to increased speed of performance, IIV of performance on the intervention 

paradigm reduced following intervention.  IIV is not typically assessed in 

neuropsychological examination and may be mistakenly interpreted as not putting 

enough effort into a task.  Stuss et al. (1989, 2003) identified inconsistencies from 

session to session during performance of RT paradigms in an individual who had a 

normal neuropsychological examination but had problems maintaining employment.  
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On closer examination they identified inconsistent performance when tests such as 

the Wisconsin Card Sorting Test (Heaton et al., 1993)  were carried out beyond their 

recommended cutoff duration.  IIV is noticed during performance over prolonged 

periods of sustained attention demand and may elucidate underlying problems that 

are not found during neuropsychological tests that may be of shorter duration (Stuss 

et al., 1989, 2003).   

 

Practice combined with cognitive rehabilitation targeted at the specific impaired 

mechanism is likely to be the best method of tackling IIV (Stuss & Binns, 2008).  The 

current study has shown that practising a sustained attention CPT paradigm such as 

the DART can reduce variability during performance of that task.  In addition, there 

was a transfer of gains reflected in decreased IIV during performance of the EAT 

CPT, which was not practised during the intervention.  This significant reduction in 

IIV following intervention is likely to be clinically beneficial for rehabilitation.  

Lower variability may be indicative of an improvement in synchronicity between 

predictive goals and anticipatory processes leading to heightened awareness (Ghajar 

& Ivry, 2008).  Knowledge of IIV may provide clinical insight into processing 

capabilities of an individual and inform the multidisciplinary team about the best 

approach to person-centred rehabilitation (Stuss & Binns, 2008).  Large IIV across 

different tests could distort neuropsychological assessments (Stuss et al., 1994).  

However, knowing a person’s worst performance variability provides the lowest 

attentional control levels from which to base prospective goals for rehabilitation 

(Bellgrove et al., 2004; Stuss et al., 1999).  Variation in performance across different 
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tests is important information to have in a clinical setting when selecting suitable 

levels of task difficulty and complexity.    

 

Response Times Pattern 

In addition to faster RTs and reduced IIV for both groups following intervention, the 

pattern of responding to critical trials 9, 1, 2, and 4 surrounding the ‘no-go’ trial 3 

was similar to that found in neurologically healthy individuals (Dockree et al., 2005, 

2007).   

 

Response times between trials 9 and 1, and trials 2 and 4 are especially interesting in 

the current study as they delineate a switch in goal from responding to inhibiting, and 

vice versa, respectively.  The RT slowing may indicate recruitment of higher order 

processes to establish changed goal representations in readiness for the next numbers 

in the sequence.  In neurologically healthy individuals the event-related potentials 

(ERPs) was higher at trial 4 than for trials 5 through to 8, which showed little 

variation, possibly indicating evaluation of internally generated goal reinstatement 

information (Dockree et al., 2005).  In the present study, following re-establishment 

of the goal at trial 4, the pattern of RTs for trials 5 through to 8 became more stable, 

possibly signalling lower attentional demand.  Dockree et al. (2005) found that 

patterns of RTs during trials 9, 1, 2, 3, and 4 showed differential time courses, 

whereas trials 5 through to 8 showed less variation in RTs, and they reasoned that the 

latter set was the least demanding on attentional systems.  Findings from the current 

study appear to corroborate these authors’ findings.   
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A lengthening of RT on trial 4 suggests a significant change in evaluative processing 

following the ‘no-go’ target (Dockree et al., 2005, 2007).  Trial 4 marks the 

beginning of a new goal sequence to respond to go trials, and slower RTs may be due 

to re-establishment of the new goal representation and renewed attentional processes 

in anticipation of the goal (Dockree et al., 2005; Ghajar & Ivry, 2008).  Similarly, 

slower RTs for trial 9 support the premise that this marks the beginning of a new 

goal.  The goal changes from responding to the stimuli to preparing for inhibiting 

response as trial 3 approaches in the predefined sequence of stimuli.  It is important to 

note that this evaluation of goal change became stronger following intervention for 

the feedback group but not for the no-feedback group.  The audio-visual feedback 

may have acted as a reminder to pay more attention to monitoring performance in 

order to evaluate the goal change correctly at trials 9 and 4.  It could be argued that 

the successful change of goal draws on skills, such as self-monitoring, self-evaluation 

and self-regulation of behaviour, which are indicators of emergent awareness.  

Therefore, it was expected that the difference between feedback and no-feedback 

groups on the goal change stimuli would have resulted in a concomitant 

differentiation between the groups in terms of emergent awareness.  

 

One explanation for this lack of differentiation between the groups in terms of 

enhanced emergent awareness from pre- to post-intervention may be that the 

feedback group benefited from the audio-visual feedback-on-error and the no-

feedback group improved through practise of a sustained attention task.  An 

important and encouraging outcome is that all participants demonstrated enhanced 
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emergent awareness following the intervention programme with the feedback group 

increasing by 76% and the no-feedback group by 36%. 

 

Prediction 

Accuracy of prediction skills on FAS phonetic fluency showed a trend towards 

improving following intervention for both groups but more so for the feedback group.  

Before intervention, all participants greatly over-predicted the number of words they 

would say in a minute, whereas after intervention this over-prediction reduced 

considerably (Fig. 4.8).  The reduction was marginally greater for those receiving 

feedback, suggesting that their cognitive estimation became somewhat better than for 

those who did not receive feedback.   

 

This phenomenon is not easy to equate with practice on a sustained attention task.  

However, during performance of the intervention tasks, several participants remarked 

that they were aware of making errors and knew that they needed to change their 

strategies to avoid errors.  It is possible that the audio-visual feedback-on-error acted 

as a cue to maintain goal representations, and this manifested in improved 

metacognitive knowledge of the effects of impairments on internal thought processes 

in general (O’Connor et al., 2004, Levine et al., 2000; Ghajar & Ivry, 2009).   

 

Conversely, it could be argued that without this exogenous cue, the no-feedback 

group, whose responses to trial 4 became faster, did not register the new goal state.  

O’Connor et al. (2004) reported different neural circuit engagement in participants 
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following TBI to those in neurologically healthy controls during performance on the 

SART while receiving an alerting signal.  Replicating their experiment with two 

groups of ABI participants giving only one group the exogenous alerting cue could be 

worthwhile to identify the neural circuits affected by the alerting cue in ABI.  The 

findings of the current study may suggest that an exogenous audiovisual feedback 

enhances neural representation of the goal state, which was manifested in slower RTs 

at critical signifiers (trials 9 and 4) of goal change (Dockree et al., 2005). 

 

Generalisation & Transfer of Effects 

Although there was little explicit evidence of cross-over of gains of the intervention 

to other domains, such as awareness of cognitive, functional and executive 

behaviours, there was improvement in cognitive estimation in the form of increased 

prediction accuracy on the FAS for the feedback group which was not evident for the 

no-feedback group.  In addition, reduction in variability of responding during 

performance of the EAT task, which was not part of the intervention programme, 

suggests that there was indeed crossover of skills learned on the intervention task.  

There was no change in retrospective executive estimation skills required to assess 

performance on the FAS word finding task. 

 

While families did not perceive a reduction in frontal systems behaviours following 

training, they did report a reduction in the frequency of impaired awareness of 

everyday mistakes that were specifically relevant to each participant.  The fact that 

these family-chosen incidences of awareness of everyday cognitive failures improved 
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is perhaps more noteworthy than the failure to find any change in frontal systems 

behaviours measured by generic questions that may be difficult to map on to each 

individual participant’s behaviour habits. 

Type of ABI by Intervention Group 

Although there was no statistical evidence of advantages of feedback over no-

feedback in terms of emergent awareness levels, there were only two participants out 

of twenty whose awareness levels dis-improved from pre- to post-intervention, and a 

further two who displayed less than 3% increase in awareness levels following 

training.  These four participants did not receive feedback-on-error.  Their computed 

tomography (CT) scans indicate injuries to different areas of the brain such as right 

hemisphere, left hemisphere, right parietal lobe and diffuse brain injuries.  This CT 

evidence appears to support the premise that frontal lobe function such as awareness 

is dependent upon intact neural connections with other brain areas (Lehr, 2004; 

Taylor et al., 2007; Prigatano, 1991; Refer to Thesis Chapter 1 for review of the 

literature).   

 

Poorer outcomes by the No-Feedback Brain Injury group in comparison with the No-

Feedback-Brain-Illness group suggests that different pathologies of injury and illness 

may play an important role in error awareness.  This may be due to the typically 

diffuse nature of brain injury and its propensity to cause cortical damage disrupting 

neural connections to the frontal lobes, whereas brain illness such as stroke usually 

affects white matter (Darby & Walsh, 2005). 
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Models of Awareness 

Changes in emergent awareness in 20 participants supported some models and 

theories of awareness.  Models of awareness including the Pyramid Model (Crosson 

et al., 1989), the CDIM (Toglia & Kirk, 2000) and Ownsworth, Clare and Morris’ 

(2006) Biopsychosocial model were of particular interest in this study.  The data did 

not support Crosson et al.’s (1989) hierarchical description of awareness as no 

evidence was found to suggest that metacognitive awareness must be in place before 

emergent or anticipatory awareness can develop.  Changes in emergent and 

anticipatory awareness levels from pre- to post-intervention were not associated with 

metacognitive awareness levels at pre-intervention. 

 

Levels of metacognitive awareness at pre-intervention were not associated with pre- 

to post-intervention changes in emergent awareness.  Despite this, metacognitive 

awareness of disinhibition improved following the intervention.  This suggests that 

improvement in emergent awareness may assist in improving elements of 

metacognitive awareness.  This could be construed as evidence of the dynamic 

interactional feature of the CDIM (Toglia & Kirk, 2000) and the suggestion in the 

Biopsychosocial model that metacognitive, emergent and anticipatory awareness 

interact and influence each other. 

 

Exploration of the neuropathology of awareness is increasingly popular and there are 

many useful models and theories in existence (refer to Chapter 1 for review).  It could 

be argued that improvement in emergent awareness levels of the no-feedback group 
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may be attributed to a process of discovering the effect of performance on outcome 

similar to the principles of the discover theory (DeHope & Finnegan, 1999) described 

in Chapter 1 of this thesis.  The neuropathology of error awareness guided inclusion 

criteria for recruitment of participants.  Many brain areas and neural circuits have 

been implicated in error awareness (Lehr, 2004; Prigatano, 1991; Taylor et al., 2007).  

It could be deduced from the location of brain damage and levels of emergent 

awareness of participants (Tables 4.1, 4.2 and 4.4) that error awareness may not be 

solely controlled or influenced by one area of the brain.   

Summary 

The intervention programme has shown evidence of enhancing emergent awareness 

regardless of intervention condition – with or without audio-visual feedback-on-error.  

The lack of substantial differentiation in outcome between the groups is unexpected, 

considering the influence of auditory cues in reinstating a sustained attention stance 

following inattentive responding (Manly et al., 2004) and improving performance on 

the SART (McAvinue et al., 2005) in patients following ABI and neurologically 

healthy individuals.  However, the finding that emergent awareness and performance 

improved in both groups from pre- to post-intervention is clinically significant. 

 

The evidence of an improvement in emergent awareness levels from pre- to post-

intervention time suggests that restitution or compensation occurred to enact a 

slowing in RTs on the trial following a ‘no-go’ target.  This could be indicative of a 

process of evaluating performance to ensure the correct response was given on the 

‘no-go’ target (Robertson, 2005).  This phenomenon was observed more distinctly in 
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the feedback group which suggests that some learning may have occurred as a result 

of feedback-on-error.  It could be the case that the feedback and no-feedback 

conditions acted in different ways to improve attention to the task and therefore both 

conditions also provided a situation whereby emergent awareness was enhanced.  It is 

possible that the feedback served as a reminder to re-establish the goal state after a 

lapse in attention.  On the other hand, the no-feedback condition may have enabled 

participants to improve their performance by building on their sustained attention 

during each uninterrupted session.    

 

Some transfers of gains following the intervention were demonstrated in terms of 

improved awareness of disinhibition, more stable performance on other CPT 

paradigms and improved awareness of person-specific everyday minor mistakes 

identified by family members about the participants.  These are encouraging findings 

and may assist clinicians in identifying areas for focussed person-centred 

rehabilitation programmes. 

 

The data appear to support a dynamic interactional (Toglia & Kirk, 2000; 

Ownsworth, Clare & Morris, 2006) rather than hierarchical relationship between 

emergent, anticipatory and metacognitive awareness.  The clinical characteristics of 

participants together with their improved emergent awareness from pre- to post-

intervention suggest that awareness is not a unitary process governed by one brain 

location.  Instead the results lend support to the idea that awareness depends upon a 

widespread network of neural connections and locations.   
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Strengths and Limitations 

Despite some comments of boredom at session five, the computer-based intervention 

programme was easy to administer to participants ranging broadly in age and level of 

physical disabilities.  The task was engaging and stimulating, extending previous 

research by including numbers and photographic images of fruit and animals.  

Furthermore, unlike other studies that recruited only participants who had sustained a 

TBI, the focus in the current study was on error awareness levels in both brain injury 

and brain illness rather than on the diagnosis.   

 

An important feature of the current intervention was that strategy selection and 

generation to modify performance were not provided by the researcher but came from 

the participant.  This method of acquiring information increases learning and recall 

following TBI (Lengenfelder et al., 2007).  Currently, there are few intervention 

programmes available in the community besides naturalistic tasks, the scoring of 

which may be influenced by personal characteristics and preferences, making 

comparison across studies difficult if not impossible (Fleming & Ownsworth, 2006).  

The focus of this thesis is on providing an intervention to improve emergent 

awareness that is portable and can be easily used at the bed-side, in the clinician’s 

office or in the community.   

 

The inclusion of the EAT CPT as a pre- and post-intervention measure provided an 

important measurement of errors, RTs, IIV and awareness that was similar to the 

intervention paradigm.  This permitted an examination of transfer of gains with 
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respect to emergent awareness and IIV.  The inclusion of the Family-rated 

Personalised Awareness Questionnaire for each participant provided a means of 

identifying minor mistakes relevant to each participant so that transfer of gains into 

everyday life could be investigated. 

 

One limitation of the current study was that, owing to difficulties in recruiting 

potential candidates living within reasonable travelling distance of the test centre or 

who remained as an in-patient for the duration of the intervention, there were only 10 

participants in each group.  McAvinue et al.’s (2005) finding that both TBI and 

neurologically healthy participants’ performance was better with feedback than 

without feedback-on-error suggested that gains from feedback-on-error would have 

been greater than those found in the current study.  It is possible that small group 

sizes deflated the effect size of feedback.  Also, it could be argued that eight sessions 

of training in sustained attention may have acted as a catalyst for habituation and 

diminished frontal lobe involvement rendering any effects of feedback on online error 

awareness levels indistinguishable from no-feedback.   

 

Although it was expected that global awareness would improve following 

intervention, four weeks may have been too short a time to notice transference of 

online error awareness into everyday activities.  Ideally, a follow-up study to measure 

long-term gains would have provided important information about the strength of the 

intervention training.   
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Finally, the fact that one pre/post awareness measure was also the intervention tool 

and that improvements could be accounted for by practice effect could be criticised.  

A point of interest here is that the DART-N and DART-I intervention tasks did not 

require the participant to indicate awareness of errors during performance.  

Furthermore, the pre- and post-intervention measure of awareness was carried out 

without feedback for both groups.  Both groups had the same number of intervention 

sessions and it was only the group that received audio-visual feedback-on-error that 

improved in terms of IIV, accuracy of prediction, and ability to switch goals from 

responding to inhibiting response during performance of the sustained attention tasks 

as appropriate.  Moreover, the control group did not demonstrate a practice effect 

from Time-1 to Time-2. 

 

Implications of the Current Study 

One major implication of this study is its potential to inform clinical practice about 

levels of spared online error awareness following ABI.  This knowledge would be of 

benefit to the healthcare team allowing them to commence rehabilitation as early as 

possible following neurological damage when other methods of cognitive 

rehabilitation are not feasible.   

 

Typically rehabilitation of cognitive function starts when there is sufficient global 

awareness to allow the patient to take part in more functional exercises to enlist 

cognitive processes.  The present study has shown that emergent awareness can be 

ameliorated on a smaller, more focussed scale, regardless of levels of global 

awareness, with minimal distraction or physical effort and sufficient task demands to 
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enable improvement in performance, awareness of performance and transfer of gains 

into improved awareness of minor mistakes in everyday life.   

 

The intervention task can easily be modified to include more photographic images to 

suit a wide range of ages, disabilities and interests of individual patients. 

 

Future Directions 

This intervention programme would be suitable for investigating the possibility of 

restitution and compensation.  Neuroimaging techniques applied at pre- and post-

intervention may provide evidence of changes in brain areas involved in error 

awareness.  Another finding that might benefit from neuroimaging data is the 

relationship between variability of responding and predictive process of goal 

representation (Ghajar & Ivry, 2008).  

 

Insights into error awareness would enable practitioners to design the optimal patient-

centred rehabilitation programme in line with one of the standards of current 

rehabilitation programmes as defined by the international Commission for 

Accreditation of Rehabilitation Facilities (CARF).  One possible future direction is 

the potential for using this intervention in primary care centres to give patients the 

best possible chance of benefitting from early inclusion in rehabilitation.  Although 

participants who were in Post Traumatic Amnesia were not recruited, it may be worth 

exploring their inclusion in future research.   
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Keeping in mind reports from participants about boredom before commencing the 

fifth training session, perhaps future research could measure outcome levels at this 

point in the training programme with a view to shortening the number of sessions.  

Improvements may have occurred even if it had been administered in fewer sessions.   

 

Conclusion 

In the present study a computer-based sustained attention task was developed to 

enhance online error awareness, and explore some of the interactional features of 

awareness depicted by Toglia and Kirk’s (2000) comprehensive, dynamic and 

interactional model of awareness and Ownsworth, Clare and Morris’ (2006) 

Biopsychosocial model.   

 

The second objective, to assess the effects of feedback versus no feedback-on-error 

during performance of an intervention programme to improve error awareness levels, 

resulted in improvement for all participants regardless of feedback.  The implications 

of this finding are that participants either adopted different strategies or changed their 

existing strategies in order to remain focussed on responding and inhibiting response 

as required.   

 

The third objective, to determine if any changes in global awareness occurred from 

pre- to post-intervention, was manifested in improvement in executive skill of goal 

management evidenced by slower RTs when approaching trials that signified a goal 

change.   
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The fourth objective, to determine if anticipatory awareness was affected by the 

intervention, was manifested in improved prediction accuracy from pre- to post-

intervention for the feedback group but not for the no-feedback group.   

 

The fifth objective, to examine variability of RTs, revealed significantly reduced 

performance variability for those who received feedback.  This may be indicative of 

improvement in the predictive process of goal representation, although evidence of 

activated neural circuits would require neuroimaging or electrophysiology.   

 

The final objective, to determine if gains during the intervention programme 

transferred to similar tasks and to executive estimations, was confirmed.  Enhanced 

awareness was observed during performance of a CPT administered pre- and post-

intervention.  Family-reports confirmed an improvement in participants’ awareness of 

minor mistakes in everyday life. 

 

Interventions for persons with ABI are an important aim of all ABI rehabilitation 

programmes.  This study has provided insights into developing an assessment and 

intervention tool to identify and improve online error awareness in persons following 

ABI.  

It provides a method for identifying a patient’s online error awareness level thereby 

contributing to knowledge and judgements necessary for selecting the most 

appropriate rehabilitation goals.  The sooner rehabilitation commences following 

brain injury/illness, the better the prognosis for restoration of function.  
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Neuroplasticity takes place all the time and mending or diverting neural connections 

may enhance the potential for beneficial outcomes throughout the multidisciplinary 

rehabilitation programme.  Even though the person with ABI may present as 

functionally impaired in activities of daily living, it may be possible to improve error 

awareness with this simple task when no other form of rehabilitation is feasible.   

 

This intervention programme is not intended as a stand-alone method of rehabilitation 

but as a tool to assist in regenerating neural networks of awareness and attention.  The 

possibility of using this training to highlight spared awareness networks that could be 

used as a gateway for early inclusion in rehabilitation, and potentially while the 

patient is still in PTA, would indeed be a breakthrough for rehabilitation.  This study 

has built on the outcome of previous studies by developing an intervention that may 

provide essential amelioration of impaired emergent awareness for individuals 

following ABI.  The intervention tool is easy to administer in the clinic, bedside or 

home and provides precise scientific measurement of attention and contemporaneous 

assessment of awareness.   
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Chapter 5 

 

General Discussion 

 

Impaired awareness of deficit following ABI has been associated with diminished 

motivation, poor employment potential, frustrating and challenging behaviours, 

increased caregiver burden, poor compliance and participation, and regarded as a 

barrier to successful rehabilitation outcome (Lam et al., 1998; Malec et al., 1991; 

Malec & Moessner, 2000; Ergh et al., 2002; Sherer et al., 2003a; Ezrachi et al., 1991; 

Ben-Yishay et al., 1987; Sherer et al., 1998a; Trudel et al., 1998).  Identifying the 

characteristics of awareness is therefore clinically and practically important.  Clinical 

models have identified three dimensions of awareness (Crosson et al., 1989; Toglia & 

Kirk, 2000).  Awareness of metacognitive knowledge incorporates knowledge about 

self, beliefs, self-efficacy, capacity and abilities, task context and complexity, and 

situational factors.  Emergent awareness is awareness of moment-to-moment 

performance of a task or activity.  Anticipatory awareness is the ability to predict 

future outcomes based on knowledge of deficit and skills.  Many research studies 

have examined awareness in all three of these dimensions together.  This makes the 

interpretation of research results difficult as the object of the study is not clearly 

delineated (Markova & Berrios, 2006).  Research into emergent awareness is under-

represented in the literature (Cicerone et al., 2005). 
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The first set of aims of this thesis were to elucidate the neuropsychological 

characteristics of emergent awareness as outlined in Chapter 2, and the metacognitive 

characteristics of emergent awareness as elaborated in Chapter 3. The final objective 

of this thesis was to develop an intervention to explore the possibility of improving 

error awareness in individuals who have sustained an ABI, as described in Chapter 4.   

Methods of measuring awareness are discussed in Chapter 1.  A simple computer-

based continuous performance task was chosen to measure emergent awareness as it 

provides scientific, contemporaneous recording of response times, emergent 

awareness and intra-individual variability of performance (Dockree et al., 2006). 

 

5.1 Summary of Main Findings 

Study 1 explored the relationships and differences between emergent awareness and 

neuropsychological, emotional characteristics, quality of performance and some 

aspects of metacognitive awareness in 82 participants who sustained an acquired 

brain injury/illness (ABI).  A multidimensional view of awareness, similar to that 

depicted in the CDIM and Biopsychosocial models of awareness, was adopted in 

order to examine the influence of factors such as task difficulty, context, emotions 

and fatigue together with metacognitive knowledge of executive behaviours, 

functional competency and cognition.  Participants who demonstrated high emergent 

awareness also demonstrated less IIV and higher metacognitive awareness of 

executive dysfunction and cognitive failures than those with low emergent awareness.  
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There were no differences between the high and low emergent awareness groups in 

terms of frontal systems assessment, anxiety or depression. 

 

High emergent awareness was characterised by low intra-individual variability (IIV) 

and high levels of planning, organisation, error management, selective attention, 

metacognitive awareness of cognitive failures and functional competency.  In 

contrast, low awareness was characterised by low frontal lobe function, high 

cognitive deficits, low planning, organisation and error management, low selective 

attention and high IIV.  There were no differences between low and high emergent 

awareness groups in terms of Post Traumatic Amnesia, Glasgow Coma Scale, months 

since trauma, emotional state, awareness of apathy, disinhibition and functional 

competency.  Location of damage was not found to be associated with emergent 

awareness.  There has been no previous research that sought to find a relationship 

between location of damage and emergent awareness.  Moreover, as many brain areas 

have been implicated in emergent awareness, it would be difficult to attribute sole 

responsibility to one area (Halligan, 2006).  The main predictors of emergent 

awareness were lower number of errors committed on the SART, higher 

metacognitive awareness of executive dysfunction and longer time since trauma.   

 

The study is unique in that it used a multidimensional approach to the investigation of 

several influences on emergent awareness such as neuropsychological, emotional, 

behavioural, and metacognitive awareness of domains such as executive behaviours, 

functional competency and cognition.  It adds to previous knowledge by revealing 

that individuals with ABI who demonstrate low emergent awareness may have 
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difficulty in maintaining stable performance during activities of everyday living.  

Sensitivity to this deficit may assist rehabilitation clinicians in choosing appropriate 

patient-centred rehabilitation programmes that encourage steady, consistent 

performance across all tasks.  The finding that some elements of metacognitive 

awareness affected emergent awareness while others did not emphasised the necessity 

of including assessments that take into account the multidimensional nature of self-

awareness when seeking to elucidate deficits in emergent awareness.  This warranted 

further investigation of the metacognitive characteristics of emergent awareness in 

Study 2. 

 

In Study 2, an in-depth investigation was carried out to explore differences in 

emergent awareness between under-estimators, accurate estimators and over-

estimators of metacognitive awareness.  It examined awareness using a 

multidimensional approach in order to address influences from domains such as 

knowledge of executive behaviours, functional competence and cognition on 

emergent awareness in the same 82 participants as in Study 1.  Discrepancies between 

patient- and collaborator-assessment from three measures of metacognitive awareness 

were used as indicators of three different domains of concern.  The Frontal Systems 

Behaviour Scale (FrSBe) was used to assess metacognitive awareness of frontal 

systems behaviour.  Metacognitive awareness of functional competency was assessed 

by the Patient Competency Reporting Scale (PCRS), and the Cognitive Failures 

Questionnaire (CFQ) was used to assess metacognitive awareness of everyday 
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mistakes.  A composite of all three measures was not related to emergent and 

anticipatory awareness.   

 

Metacognitive awareness, as measured by discrepancy scores on the FrSBe and 

PCRS were categorised into under-estimators, accurate estimators and over-

estimators, based on self-rated scores being more than 5 points below family, within 

+/- 5 points from family, or more than 5 points above family scores respectively 

(Prigatano et al., 1998).  The CFQ cutoff points were deemed to be +/- 0.05 because 

of the scale of this measure.  Participants with accurate awareness of executive 

dysfunction demonstrated better emergent awareness than under-estimators.  

Emergent awareness was not related to awareness of functional competency, apathy 

or disinhibition.  Greater awareness of cognitive failures was related to greater 

emergent awareness.  Lower awareness of apathy was related to higher IIV.  Over-

estimators of awareness of cognitive failures demonstrated better stability of 

performance than accurate estimators. 

 

A key outcome from this study was that each of the measures of metacognitive 

awareness, such as executive behaviours, functional competency and cognitive 

failures, produced a different relationship or significant comparison which would not 

have emerged if they were not included.  For example, the FrSBe revealed that 

metacognitive awareness of executive function influenced emergent awareness levels.  

The PCRS revealed that metacognitive awareness of functional competency did not 

influence level of emergent awareness.  The CFQ revealed that metacognitive 

awareness of cognitive failures influenced stability of performance.  These 
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distinctions between measures suggest that although the PCRS is widely used as a 

single measure of self-awareness, it does not in fact measure all aspects of 

metacognitive awareness.  It is crucial that a full assessment of metacognitive 

awareness indicators, such as executive behaviour, functional competency and 

cognitive failures is obtained when decisions about individual goals are being made 

during rehabilitation.  Incomplete or inadequate information may be detrimental for 

the individual if deficits are not discovered.  Knowledge of impaired awareness of 

functional competency, frontal systems behaviour or cognitive failures may indicate 

that clinicians should consider education or role play to help ameliorate this aspect of 

awareness. 

 

Study 2 also revealed that metacognitive, emergent and anticipatory awareness are 

not related to each other.  This supports an interactional rather than hierarchical 

(Crosson et al., 1989) view of awareness as described in the CDIM (Toglia & Kirk, 

2000) and Biopsychosocial model (Ownsworth, Clare & Morris, 2006).  

 

Study 2 adds to the existing body of knowledge by considering the influence of 

several domains of metacognitive knowledge on emergent awareness.  Understanding 

that some elements of awareness are intact and thus may have the capacity to 

influence emergent awareness may provide critical guidance for rehabilitation 

clinicians in developing patient-centred interventions.  Awareness of executive 

behaviours could be used to guide individuals in improving planning and self-

regulation and minimising errors in order to enhance performance of everyday 
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activities.  Rehabilitation of awareness of cognitive failures could be provided 

through education in the use of compensatory strategies such as personal reminders to 

ameliorate mistake making.  This study also contributes to current thinking by 

indicating that self-awareness may be an interactional rather than a hierarchical 

relationship between metacognitive, emergent and anticipatory awareness.  This 

presents clinicians with the opportunity to work on all types of awareness 

concurrently rather than delaying the process by waiting until metacognitive 

awareness is in place before rehabilitating emergent and then anticipatory awareness.  

The suggestion that all three awareness types may be ameliorated on a dynamic 

interactional basis suggests that a holistic approach to rehabilitating all three 

simultaneously is possible.  It also implies that enhancing emergent awareness may 

facilitate enhancement in metacognitive and/or anticipatory awareness.   

 

In Study 3, a computer-based sustained attention task designed to improve emergent 

awareness was developed which provided a method of examining the effect of 

changes in emergent awareness on metacognitive and anticipatory awareness.  

Twenty participants who had sustained an ABI were matched and randomly assigned 

to a feedback or no-feedback group.  The decision to provide feedback arose from 

findings by McAvinue et al. (2005) that participants with TBI and neurologically 

healthy controls performed better when given feedback-on-error, rather than no 

feedback-on-error, in a sustained attention task.  The intervention programme in 

Study 3 consisted of eight intervention sessions over a period of three to seven weeks.  

A new version of the sustained attention task was developed which displayed 

photographic images of fruit and animals designed to provide enough interest to 
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maintain participation during eight intervention sessions.  A separate examination of 

the effect of photographic images on performance and awareness with 12 

neurologically healthy individuals demonstrated no difference between number 

stimuli and photographic images on emergent awareness levels.   

 

Participants performed the standard sustained attention task and the enhanced 

photographic images task in each of the eight sessions.  The feedback group received 

an audio-visual feedback signal when they made an error by responding instead of 

inhibiting response to a predetermined stimulus.  A general improvement in emergent 

awareness was evident in both the feedback and no-feedback groups following the 

intervention, suggesting that practicing a sustained attention task may improve 

emergent awareness.  This suggests that participants may have adopted compensatory 

strategies or new strategies in order to maintain attention and inhibit their responses 

appropriately.  The inclusion of a non-treatment control group demonstrated that the 

frequent and regular training experienced by the intervention groups was more 

beneficial than the isolated practice sessions experienced by the control group.  

Improvement in error monitoring was illustrated by increased emergent awareness of 

the intervention groups (feedback or no-feedback),whereas no change in emergent 

awareness occurred in the control group.  Anticipatory awareness also improved 

following the intervention.  Participants who received feedback-on-error became 

more aware of disinhibition, as measured by discrepancy scores on the FrSBe 

disinhibition subscale, than those who did not receive feedback.  This may account 

for better performance in terms of monitoring and regulating behaviour during a CPT 
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so that change in goal from responding to stimuli to inhibiting response may be 

accomplished successfully.  Performance became more stable in terms of IIV from 

pre- to post-intervention for the feedback group.  No similar change was observed in 

the no-feedback group.  Information about stability of performance may guide the 

multidisciplinary team towards identifying underlying deficits such as attention or 

awareness that may require rehabilitation (Stuss & Binns, 2008).   

 

Study 3 extended the body of existing knowledge by developing an intervention to 

ameliorate emergent awareness.  The portable computer-based task is simple to 

administer in a clinical setting, at the bedside or in the home.  It provides an engaging 

task that can be easily customised to incorporate photographic images reflecting 

individual interests.  The finding that a change in emergent and anticipatory 

awareness can occur without a concomitant change in metacognitive awareness 

appears to refute the hierarchical depiction of awareness proposed in the Pyramid 

Model (Crosson et al.,1989) and supports instead the dynamic interactional attributes 

of the CDIM (Toglia & Kirk, 2000) and the Biopsychosocial model (Ownsworth, 

Clare & Morris, 2006).  IIV also improved following this intervention when 

feedback-on-error was provided.  Therefore, this task may be a valuable tool for 

clinical use with individuals who have sustained an ABI and demonstrate impaired 

emergent awareness or inconsistent performance.   
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5.2 Integration with Theoretical and Clinical Frameworks 

The findings of each of the three studies support a multidimensional view of self-

awareness, incorporating an interactional relationship between metacognitive, 

emergent and anticipatory awareness and influenced by neuropsychological, 

emotional and task complexity factors.  This view is depicted in the CDIM (Toglia & 

Kirk, 2000) and Biopsychosocial model (Ownsworth, Clare & Morris, 2006).  These 

models provide a comprehensive view of self-awareness used for in-depth analyses of 

the relationships and differences between each aspect of metacognitive awareness 

such as executive behaviour, functional and cognitive influences, and emergent 

awareness.  Therefore, several measures were chosen to investigate different aspects 

of metacognitive awareness, such as awareness of frontal systems behaviours 

(FrSBe), awareness of functional competency (PCRS) and awareness of cognitive 

failures (CFQ).  The comprehensive feature of Toglia and Kirk’s (2000) model was 

useful in explaining the variety of significant effects produced by the three 

metacognitive awareness measures in Study 2.  For example, the FrSBe revealed 

relationships between metacognitive awareness of executive function and emergent 

awareness levels.  The CFQ revealed relationships between metacognitive awareness 

of cognitive failures and stability of performance.  There is also a dynamic element to 

the CDIM evidenced in the Study 1 finding that emergent awareness is associated 

with metacognitive awareness of executive behaviours, but not with metacognitive 

awareness of functional competency.  This indicates that awareness can exist for 

some domains but not for others.  Further evidence of this dynamic was found in 
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Study 2, which indicated that accuracy of metacognitive awareness of functional 

competency was not related to emergent awareness, but a higher level of 

metacognitive awareness of cognitive failures was associated with a higher level of 

emergent awareness.  Each of these different findings may guide clinical practice in 

relation to deficits in a particular domain of metacognitive knowledge.  An 

understanding of the influence of metacognitive awareness of executive function 

might indicate the value of including treatment programmes targeting this deficit or 

encouraging the use of this skill. 

 

The absence of a relationship in Study 1 between the neuropathology of trauma, such 

as frontal lobe damage, diffuse axonal injury or subarachnoid haemorrhage, and 

emergent awareness does not support theoretical frameworks of unawareness such as 

the DICE (Schacter, 1990) and CAM (Agnew & Morris, 1998; Morris & 

Hannesdottir, 2004) as they implicate a breakdown between a conscious awareness 

system and cognitive or executive systems which are believed to be controlled by the 

frontal lobes.  However, other Study 1 findings that participants with low emergent 

awareness were significantly impaired in terms of metacognitive awareness of 

executive behaviours could be interpreted as executive anosognosia, which is 

explained by the CAM. 

 

Prigatano’s (1991) model of ISA suggests that integration of external feedback from 

the sensorimotor cortex with internal thoughts and feelings are mediated by the 

heteromodal cortex which is found in large areas of the prefrontal and frontal cortex.  

Study 1 findings do not support the neuropathological implications of this proposal, 
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as no association was found between frontal lobe damage and emergent awareness 

level.  However, the presence or absence of frontal contusions is based on CT or MRI 

evidence.  It is likely that diffuse axonal damage, such as microbleeds, in the frontal 

lobes may be too microscopic for detection by the scan.  Support for Prigatano’s 

(1991) model was offered by the neuropsychological results which revealed that low 

emergent awareness was characterised by poor executive skills such as frontal lobe 

function, cognitive function, attention, planning, organisation and error management, 

many of which implicate the frontal lobes.  This finding suggests that damage to 

areas of the brain other than the frontal lobes is also likely to have contributed to the 

failure of executive skills. This supports the view that many areas of the brain are 

implicated in ISA (Halligan, 2006). 

 

The feedforward theory (Heilman, 1991) receives some support from the evidence in 

Study 3 of improvement in error awareness for all participants.  Improvement for the 

no-feedback group could be interpreted as an example of a tripartite control loop 

between the internal representation of the intended goal of inhibiting response to the 

‘no-go’ target, registering the outcome and comparing the intended goal with the 

actual outcome to improve performance.  This improvement could also be attributed 

to Hebbian learning, which proposes that attentive, purposeful repetition of an 

activity improves neural synaptic connections and contributes to the reacquisition of 

skills (Robertson & Murre, 1999).  Participants adjusted their behaviour to become 

more aware, without guidance or prompting, following the intervention training.  

Neuroimaging and electrophysiology to provide evidence of neuroplasticity from pre- 
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to post- intervention was outside the scope of this thesis.  However, future research 

could focus on neuroplasticity through neuroimaging studies. 

 

It could be argued that the findings in Study 3 support the discover theory (Cochini et 

al., 2002; Levine, 1990) of unawareness.  Participants who did not receive feedback-

on-error discovered their deficits during the intervention, and adopted compensatory 

strategies to overcome these impairments in order to successfully identify errors 

when they were committed and thereby improve emergent awareness. 

 

The neuropathology of awareness implicates many brain areas in emergent 

awareness.  Advances in neuroimaging and electrophysiology have enabled 

identification of specific areas such as the ACC associated with error detection and 

correction and response conflict.  There was not sufficient data available in the 

current investigation to provide more specific location of damage.  Therefore, it was 

not possible to determine if neuropathology was associated with emergent awareness 

in this cohort of patients. 

 

The frontal lobe damage model of impaired awareness proposed by Stuss (1991) was 

supported in Study 2 by the significant neuropsychological impairment of frontal lobe 

function, cognitive ability and planning and organising observed in participants with 

low emergent awareness compared with those with high emergent awareness.  Most 

of these skills require frontal lobe function. 
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Crosson et al.’s (1989) hierarchical model, which distinguishes between 

metacognitive and online awareness, was supported by the dissociation between 

metacognitive awareness of cognitive failures and improvement in emergent 

awareness in Study 3.  Metacognitive awareness of cognitive failures was not 

affected by improvement in emergent awareness.  This can be interpreted as evidence 

of a hierarchical relationship between metacognitive awareness of cognitive failures 

and emergent awareness.  Studies 2 and 3 both support the interactional dimension of 

the CDIM evidenced by findings of associations between metacognitive awareness 

and emergent awareness.  This provides a more complete view of overall 

metacognitive awareness that was then used for in-depth analyses of the relationships 

and differences between each aspect of metacognitive awareness and emergent 

awareness.   

 

The models and theories of awareness suggest that ISA incorporates influences from 

factors such as knowledge, beliefs, task complexity, environment, emotions, 

neuropsychological characteristics, neuroanatomy and emergent, anticipatory and 

metacognitive awareness.  This holistic view was used in this thesis to direct 

investigations into the neuropsychological, emotional, neuropathological and 

metacognitive characteristics of emergent awareness.  Clinical models such as the 

Pyramid Model (Crosson et al., 1989), the CDIM (Toglia & Kirk, 2000) and the 

Biopsychosocial model (Ownsworth, Clare & Morris, 2006) acknowledge this 

multidimensionality of awareness.  However, they do not elaborate on the effect of 

specific neuropathology on awareness levels.  While some anatomical substrates of 
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emergent awareness are known, it is difficult to design tests that would enable the 

differentiation of brain areas used in anticipatory or metacognitive awareness.  More 

ways to measure anticipatory and emergent awareness are needed to understand the 

specific conditions under which impairments can be seen and related to broader 

metacognitive problems: for example, testing retrospective judgements of confidence 

of learning after a task is completed, judgements about future performance or 

measuring feelings of knowing about the likelihood of being able to recall something 

in a later test.  All of these provide alternative ways of looking at anticipatory and 

emergent awareness that are not focussed on errors and looking at these will help 

refine models of awareness in clinical populations. 

 

5.3 Limitations of the Current Studies 

A larger sample size in Study 3 may have enhanced the possibility of finding greater 

benefits from the intervention with feedback compared with no-feedback.  

Recruitment for this study demonstrated the difficulty in securing large numbers of 

participants who have sustained an ABI.  Almost 40% (55) of the 120 participants 

demonstrated impaired emergent awareness, but over 50% (25) of those were unable 

to attend for the intervention, mainly because of travel difficulties including distance 

of residence from the test centre and the availability of suitable transport twice 

weekly for four weeks.   
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The use of electrophysiology at pre- and post-intervention might have contributed 

significantly to the interpretation of Study 3 results.  This would have provided data 

on the possible occurrence of neuroplasticity from pre- to post-intervention.  Study 3 

might also have benefitted from a follow-up assessment of emergent awareness 

(some months post-intervention) to investigate the long-term effects of improved 

emergent awareness.  It might have been helpful too, to include more 

neuropsychological measures of anticipatory awareness in Study 1.  The measures for 

prediction accuracy were based solely on word fluency production.  Perhaps inclusion 

of a digit span test would have provided more comprehensive prediction estimates. 

 

A naturalistic task may have made possible inferences about transfer of gains in 

emergent awareness to activities of daily living from pre- to post-intervention time in 

Study 3.  A computer-based CPT was chosen in order to obtain precise 

contemporaneous records of performance in terms of RT, IIV, number of errors 

committed and emergent awareness.  Sustained attention and emergent awareness, 

which are ameliorated by repetitive performance of a computer-based task such as the 

DART, are also requirements for most activities of everyday living.   

 

5.4 Future Research 

The intervention described in Study 3 is portable and could be used in a range of 

settings.  Future research might investigate its use with individuals who demonstrate 

very low levels of emergent awareness and who also have a physical disability 
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restricting involvement in rehabilitation programmes.  Typically, this group may be 

excluded from early participation in rehabilitation programmes.  The prospect of 

ameliorating sustained attention, emergent awareness, anticipatory awareness, 

stability of performance and aspects of metacognitive awareness for this patient 

group may enable their early inclusion in rehabilitation programmes.  This may lead 

to transfer of gains into other aspects of metacognitive awareness through repetitive 

practice and neuroplasticity (Toglia & Kirk, 2000; Robertson & Murre, 1999) thus 

improving rehabilitation outcomes.  In addition, brain activity could be mapped pre- 

and post-intervention to examine possible neuroplasticity. 

 

Long-term gains following the intervention programmes could be investigated 

together with the possible advantage of refresher sessions at intervals following the 

initial intensive intervention programme. 

 

The choice of two computer-based CPTs for measuring emergent awareness in this 

thesis provided a contemporaneous record of awareness, response times and intra-

individual variability of performance.  There are a range of different places awareness 

is anticipated or emerges across memory, attention and executive control that could 

be explored in future research.  In the past, emergent awareness has been measured 

using guided practice on a familiar naturalistic task (Hart et al., 1998; Ownsworth, 

2010; Bettcher et al., 2008) or during performance of a computer-based sustained 

attention task (McAvinue et al., 2005; O’Keeffe et al., 2007a, 2007b; Dockree et al., 

2006).  A study to compare naturalistic with computer-based tasks would expand the 

knowledge of their similarities and differences.  Such a comparison might add to the 
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body of knowledge about the relationship between computer-based tasks and 

everyday activities.  It might also contribute to setting specific person-centred 

specific goals for rehabilitation. 

 

5.5 Conclusion 

This investigation of the characteristics of emergent awareness and the development 

of a portable and easy-to-administer intervention to improve emergent awareness 

benefitted from the choice of a computer-based continuous performance task over a 

naturalistic task to measure emergent awareness.  The availability of a 

contemporaneous record of response times, errors and emergent awareness could not 

have been obtained from observer recordings during a naturalistic task.  Analysis of 

behaviour at trials that signified a change of goal was made possible from the 

computer log of response times.  The studies in this thesis have added to the body of 

knowledge by utilising sustained attention tasks that have previously helped identify 

some of the neuroanatomical substrates involved in emergent awareness. 

 

Improving awareness is an important goal that should be monitored and assessed 

throughout the rehabilitation process (Ezrachi et al., 1991; Ben-Yishay et al., 1987).  

It mediates change in other areas such as acceptance, realistic goal setting and use of 

compensatory strategies, and may therefore contribute to overall functional gains in 

all aspects of rehabilitation (Fleming & Ownsworth, 2006). 
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Studies 1 and 2 demonstrate that using a single measure to assess metacognitive 

awareness would not have identified all the influences of metacognitive awareness on 

emergent awareness.  The findings show the importance of not relying on a single 

measure to assess this multidimensional construct and reporting specific findings for 

separate measures rather than an over-arching term such as self-awareness.  The exact 

aspect of awareness needs to be precisely defined by assessment of participants so 

that follow-up measurements may be taken throughout the rehabilitation process 

(Fleming & Ownsworth, 2006).  As different aspects of awareness change, 

rehabilitation goals and treatments may need to be reassessed.  The multidisciplinary 

team may then need to take cognisance of these changes and agree new goals with the 

patient.  The development, in Study 3, of a clinical tool that appraises and enhances 

emergent awareness is a novel and valuable development for rehabilitation clinicians.   

Awareness is ever-changing, and tracking changes in awareness throughout the 

treatment process appears to be a fundamental element to successful rehabilitation. 
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Clinical Data for Participants in Studies 1 and 2 

 

Characteristics of Participants (N=82) for Studies 1 and 2 

P
A

T
IE

N
T

 

Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

1 RTA 

Extremely 

Severe 6 113 

Both hemispheres, 

Bilateral frontal, 

Anterior, DAI, SAH 

2 RTA 

Extremely 

Severe 3 223 

Cerebellum, Posterior 

3 

Hit by 

object or 

assault 

Extremely 

Severe 10 15 

Left hemisphere 



 

 

Characteristics of Participants (N=82) for Studies 1 and 2 

P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

4 Stroke N/A 15 3 

Middle Cerebral 

Artery, Right 

hemisphere 

5 Stroke 

Very 

Severe 9 3 

SAH 

6 RTA 

Extremely 

Severe 7 40 

Both hemispheres, 

Bilateral frontal, 

Anterior, DAI 

7 Fall N/A N/A 4 

Basal Ganglia, Right 

hemisphere 

8 Stroke 

Extremely 

Severe 5 6 

Intracerebral, Right 

hemisphere, Diffuse 

axonal injury 

9 Stroke 

Very 

Severe 3 16 

Intracerebral, Left 

hemisphere 

10 Stroke Severe N/A 21 

Anterior 

Communicating 

Artery, Anterior, 

SAH 

11 Stroke Moderate N/A 11 

Parietal, Right 

hemisphere 



 

 

Characteristics of Participants (N=82) for Studies 1 and 2 

P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

12 Stroke Mild N/A 32 

Posterior 

Communicating 

Artery, Both 

hemispheres, Right 

frontal, Posterior, 

SAH 

13 RTA 

Very 

Severe 3 17 

Parietal, Both 

hemispheres 

14 Stroke Mild 15 23 

Middle Cerebral 

Artery, Right 

hemisphere, SAH 

15 

Hit by 

object or 

assault 

Extremely 

Severe N/A 4 

Both hemispheres, 

Right frontal, 

Anterior 

16 RTA 

Extremely 

Severe 3 3 

Diffuse Brain Injury, 

Both hemispheres, 

DAI 

17 Fall Severe N/A 7 

Parietal, Right 

hemisphere 

18 Fall Severe N/A 9 DAI 
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A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

19 Stroke 

Extremely 

Severe 14 5 

Anterior 

Communicating 

Artery, Both 

hemispheres, 

Bilateral frontal, 

Anterior, SAH 

20 RTA Severe 8 2 

Diffuse Brain Injury, 

Both hemispheres 

21 RTA 

Extremely 

Severe 3 11 

Both hemispheres, 

Right frontal, 

Anterior, DAI, SAH 

22 Fall 

Very 

Severe 3 4 

Both hemispheres, 

Bilateral frontal, 

Anterior, SAH 

23 Fall 

Very 

Severe 3 9 

Both hemispheres, 

Left frontal, Anterior 

24 RTA 

Extremely 

Severe 5 25 

Bilateral Frontal, 

Both hemispheres, 

Anterior 

25 Fall 

Extremely 

Severe 11 47 

Right hemisphere, 

Right frontal, 

Anterior 
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P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

26 RTA 

Very 

Severe 3 27 

Right hemisphere, 

Left frontal, Anterior 

27 

Hit by 

object or 

assault 

Very 

Severe 5 39 

Both hemispheres, 

Bilateral frontal, 

Anterior 

28 RTA 

Very 

Severe 3 326 

Both hemispheres, 

Bilateral frontal, 

Anterior, DAI, SAH 

29 

Hit by 

object or 

assault 

Extremely 

Severe 7 27 

Left hemisphere, Left 

frontal, Anterior, 

DAI, SAH 

30 RTA 

Extremely 

Severe 9 3 

Bilateral Frontal, 

Both hemispheres, 

Anterior 

31 

Secondary 

to cardiac 

arrest Severe N/A 3 

Caudate Nucleus 

Haematoma, Right 

hemisphere 

32 Fall 

Very 

Severe 4 4 

SAH 

33 Fall 

Extremely 

Severe 15 22 

Left hemisphere, Left 

frontal, Anterior 
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P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

34 

Hit by 

object or 

assault 

Extremely 

Severe 4 28 

Thalamus 

35 Fall 

Very 

Severe N/A 19 

N/A 

36 RTA 

Very 

Severe N/A 34 

Right hemisphere, 

Right frontal, 

Anterior 

37 Stroke 

Very 

Severe N/A 5 

Middle Cerebral 

Artery, Left 

hemisphere 

38 RTA 

Extremely 

Severe 7 90 

Right hemisphere, 

Right frontal, 

Anterior 

39 RTA Severe 4 11 N/A 

40 Stroke Mild 15 8 

Left hemisphere, Left 

frontal, Anterior 

41 Stroke Mild N/A 6 

Middle Cerebral 

Artery, Right 

hemisphere 

42 RTA 

Very 

Severe 15 46 

N/A 



 

 

Characteristics of Participants (N=82) for Studies 1 and 2 

P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

43 Stroke Severe N/A 14 

Anterior Circulation 

Stroke, Left 

hemisphere, Anterior 

44 RTA 

Extremely 

Severe 3 24 

Both hemispheres, 

Right frontal, 

Anterior, DAI 

45 

Secondary 

to cardiac 

arrest 

Extremely 

Severe N/A 3 

N/A 

46 

Brain 

tumour N/A N/A 30 

N/A 

47 RTA 

Extremely 

Severe 6 30 

Thalamus, Left 

hemisphere 

48 Stroke Severe N/A 14 

Parietal, Left 

hemisphere 

49 

Encephalit

is viral 

Very 

Severe N/A 5 

Both hemispheres 

50 Stroke 

Extremely 

Severe 6 12 

Anterior 

Communicating 

Artery, Anterior, 

SAH 

51 Fall 

Very 

Severe N/A 8 

Both hemispheres 
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P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

52 Stroke Mild N/A 20 

Parietal, Right 

hemisphere 

53 Stroke Mild N/A 11 

Cerebello-Pontine 

Angle 

54 RTA 

Very 

Severe 9 2 

Diffused Contusions, 

Both hemispheres, 

SAH 

55 Stroke 

Extremely 

Severe N/A 14 

Anterior Circulation 

Stroke, Anterior, 

SAH 

56 Stroke 

Very 

Severe 15 42 

Anterior 

Communicating 

Artery, Right 

hemisphere, Anterior 

57 RTA 

Extremely 

Severe 4 81 

Left hemisphere, Left 

frontal 

58 RTA 

Extremely 

Severe N/A 65 

Diffused Contusions, 

Both hemispheres, 

DAI, SAH 

59 Stroke Severe N/A 16 

Cerebellum, Right 

hemisphere, Posterior 
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P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

60 

Hit by 

object or 

assault Severe 5 20 

Both hemispheres, 

Bilateral frontal, 

Anterior, DAI 

61 RTA 

Very 

Severe 6 86 

Both hemispheres, 

Bilateral frontal 

62 RTA 

Very 

Severe 8 151 

Frontal Lobe, Right 

hemisphere, Right 

frontal, Anterior 

63 

Hit by 

object or 

assault 

Extremely 

Severe 3 5 

Parietal, Left 

hemisphere, SAH 

64 Stroke 

Very 

Severe 14 5 

Caudate Nucleus 

Haematoma, Left 

hemisphere 

65 Fall 

Very 

Severe 6 27 

Parietal, Right 

hemisphere 

66 Fall 

Very 

Severe 12 2 

Both hemispheres, 

Left frontal, Anterior, 

DAI 

67 

Hit by 

object or 

assault 

Extremely 

Severe 3 11 

Both hemispheres, 

Bilateral frontal, 

Anterior 
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P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

69 RTA 

Extremely 

Severe N/A 16 

Multiple Punctuate 

Haemorrhages, Both 

hemispheres, Right 

frontal 

70 RTA 

Very 

Severe 6 2 

Diffuse Petechial 

Haemorrhage, Both 

hemispheres 

71 RTA 

Very 

Severe 3 53 

Both hemispheres, 

Anterior 

72 Fall 

Extremely 

Severe 3 5 

N/A, Both 

hemispheres 

74 Fall Severe N/A 24 Left hemisphere 

75 RTA Mild N/A 106 

Both hemispheres, 

Bilateral frontal, 

Anterior 

76 Fall 

Very 

Severe 10 2 

Both hemispheres, 

Anterior 

77 Fall 

Very 

Severe 13 7 

Both hemispheres, 

Bilateral frontal, 

Anterior, DAI, 

78 Fall Severe N/A 16 Left hemisphere 
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P
A

T
IE

N
T

 
Cause of 

Trauma 

Severity 

  (PTA) 

Severity 

(GCS) 

Months 

since 

Trauma 

 

Location of Damage 

79 Fall Mild 15 4 

Both hemispheres, 

Bilateral frontal, 

Anterior, SAH 

80 Stroke Mild N/A 3 

Right hemisphere, 

Right frontal, Both 

anterior and posterior 

81 Stroke N/A N/A 7 Left hemisphere 

92 

Brain 

tumour N/A N/A 5 

Diffuse Brain Injury, 

Left hemisphere 

94 RTA 

Very 

Severe N/A 61 

Both hemispheres, 

Bilateral frontal, 

Anterior 

102 Stroke N/A N/A 8 

Temporal Lobe, 

Right hemisphere 

DAI: Diffuse Axonal Injury; GCS: Glasgow Coma Scale; PTA: Post Traumatic 

Amnesia (Mild:<1 hour; Moderate: 1-24 hours; Severe: 1-7 days; Very Severe: 7-28 

days; Extremely Severe: >28 days); SAH: Subarachnoid Haemorrhage; RTA: Road 

Traffic Accident 
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Checklist for Recording Emergent Awareness 
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Frontal Systems Behavioral Scale – Other (FrSBe-Family) 
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Patient Competency Rating Scale – Self (PCRS-Self) 
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Patient Competency Rating Scale – Other (PCRS-Relative) 
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Cognitive Failures Questionnaire – Self (CFQ-Self) 
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Cognitive Failures Questionnaire – Other (CFQ-Family) 
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Feedback from Participants in Pilot Study 



 

 

 

 

 

 

 

 

 

APPENDIX M 

 

Significant Other Questionnaire for Common Everyday Mistakes of the 

Patient 

 


