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Abstract iv 

Abstract 

Metacognition, or the awareness of one's cognitive strengths and weaknesses 

and self-regulation of cognitive abilities is often affected following an acquired brain 

injury (ABI; which is defined as any brain injury that occurs after birth; e.g., 

traumatic brain injury, stroke). Such an impairment may have an adverse effect on 

the individual’s functional outcome, including independent living, engaging in social 

relationships, returning to work or study and quality of life.  

Building on previous models, Toglia and Kirk (2000) posited a model of 

metacognition, which comprises three inter-related subdomains: (a) metacognitive 

knowledge (i.e., general awareness of one's strengths and weaknesses), (b) 

anticipatory awareness (i.e., awareness about how one would perform before 

embarking on a new task), and (c) emergent awareness (i.e., self-regulation during 

the task). Experimental and functional neuroimaging studies have shown some 

support for this model, and the literature is well-researched on how metacognitive 

knowledge may be related to functional outcomes after an ABI. Nonetheless, but 

much less is known about the impact of anticipatory awareness and emergent 

awareness. Furthermore, researchers have not reached a consensus about how 

metacognition should be assessed, and the majority of studies have only assessed 

metacognitive knowledge.  

Understanding the extent of the impact of the three aspects of metacognition 

on functional outcomes in adults with ABI may guide future ABI rehabilitation 

strategies. This thesis describes a series of studies that (a) summarize the existing 

literature, (b) empirically evaluate Toglia and Kirk’s model and provide support to a 

regression-based mode of deriving metacognition data, and (c) evaluate the 

relationship between metacognition and functional outcomes in adults after ABI. 
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Three studies are outlined, starting with a meta-analysis to quantitatively 

assess the pooled effect of studies that reported the relationship between 

metacognitive knowledge and functional outcomes after an ABI. The meta-analysis 

found general support for the relationship between metacognitive knowledge and 

functional outcomes, but the relationship differed depending on the domain of 

functional outcome. The meta-analysis also found that researchers have been using 

two different scales to measure metacognitive knowledge, which are related but not 

equivalent. In particular, the assessment of metacognitive knowledge can be 'relative' 

(i.e., ranging from a negative bias to intact metacognition to a positive-bias) or 

'absolute' (i.e., ranging from intact metacognition to poor metacognition [including 

both negative and positive biases]). 

The second study was a confirmatory factor analysis that aimed to provide 

empirical support for Toglia and Kirk’s model using a healthy older adult sample. 

The study also aimed to assess a novel regression-based method by Ng et al. (2018) 

that takes into account normative metacognition relative to the sample. Several 

contrasting models were compared, including 1 -, 2-, and 3-factor models and a 

competing theoretical model of awareness (i.e., the Pyramidal Model of Awareness; 

Crosson et al., 1989). Toglia and Kirk’s (2000) 3-factor model of metacognition fit 

the data best, suggesting that the three aspects of metacognition are unique but inter-

related constructs. This study supported the use of the 3-factor model in future 

metacognitive studies, and the use of the regression-based method to obtain 

metacognitive data. 

In the third study, a regression-based model was conducted to assess the 

ability of the three aspects of metacognition to predict functional outcomes following 

an ABI in adults. This study built on the previous two studies by utilizing the best 
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predictors of metacognition from the confirmatory factor analysis, utilizing both 

relative and absolute scales of measuring metacognition. This study found that self-

rated overall functional outcomes were predicted by metacognitive knowledge and 

emergent awareness, such that individuals with positive biases evaluated their 

outcomes to be better than those with negative biases. Self-rated community 

integration outcomes were predicted by anticipatory awareness. Individuals who 

made good predictions of their anticipated performance on a memory task had better 

self-rated community integration outcomes compared to those who had either 

positively- or negatively-biased anticipatory awareness. However, due to the limited 

sample size and resulting lack of power, these results should be interpreted with 

caution.  

Overall, the current thesis supports a positive relationship between 

metacognitive knowledge and functional outcomes and provides empirical support 

for Toglia and Kirk's model of metacognition. This thesis also provides a framework 

for how to assess metacognition using a regression-based method, while considering 

'relative' and 'absolute' means of assessing metacognition. Recommendations for 

future studies include conducting a cluster analysis based on these three aspects of 

metacognition, and investigating the concordant validity of the regression-based 

metacognition method with other common methods of assessing anticipatory and 

emergent awareness. 
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Acquired brain injury (ABI), or any brain injury that occurs after birth, is a 

common and disabling condition that affects 1 in 45 Australians (2.2% of the 

population; Australian Institute of Health and Welfare, 2007). Physical, social, 

emotional, and cognitive disabilities often follow an ABI, and represent significant 

costs to the individual, their family, society, and the healthcare system (Ponsford, 

2013). There are significant costs associated with medical treatment following an 

ABI, besides the longer-term loss of productivity and the additional costs of ongoing 

care (Berg et al., 2005). There is also an increased burden on caregivers, often 

resulting in psychological distress and unhealthy family functioning (D’Ippolito et 

al., 2018). Advances in the medical field have reduced the mortality rate after ABI, 

which further underscores the importance of understanding how to improve 

functional outcomes after ABI to ensure the best quality of life for these individuals 

(Faul & Coronado, 2015). Therefore, the search for the best ways to identify 

individuals at risk of poorer functional outcomes remains a priority for clinicians and 

researchers. One promising predictor of outcomes vital for recovery after ABI is 

metacognition, which is the awareness of one’s cognitive abilities.  

This thesis describes a series of studies that evaluate the relationship between 

metacognition and functional outcomes in adults after ABI. Although ABI 

encompasses a diverse group of etiologies, this thesis focuses on two broad clinical 

subgroups, traumatic brain injury (TBI) and cerebrovascular accidents, or strokes. 

These are known to be the two main causes of ABI (Mar et al., 2011). In this thesis, 

very old adults and young children were excluded to prevent confounds due to age-

related changes in cognition or development (Krasny-Pacini et. al, 2015; Souchay et 

al., 2007). Furthermore, the prevalence of neurodegenerative disease increases 

exponentially, particularly from the age of 70 (Hou et al., 2019), and such disorders 



Chapter 1: Acquired Brain Injury in Adults, and the impact of Metacognition on Functional Outcomes 3 

also have increased incidence of metacognitive deficits (Clare et al., 2010). As such, 

only adults aged between 18-70 are considered (i.e., older adolescents to middle-

aged adults) in this thesis in order to investigate a more homogeneous sample. This 

chapter presents a brief review of ABI, metacognition, and the relationship between 

metacognition and functional outcomes in adults with ABI. 

1.1 Acquired Brain Injury (ABI) 

Acquired brain injury can be caused by traumatic (i.e., acceleration-

deceleration injuries in car accidents or falls) or nontraumatic (e.g., anoxia, brain 

tumors, encephalopathy, ischemic stroke, vascular hemorrhage) causes, while 

excluding neurodegenerative disorders (e.g., Alzheimer’s Disease; Commission on 

Accreditation of Rehabilitation Facilities International, 2016). The most common 

causes of ABI, namely traumatic brain injury and stroke, will be outlined here. 

Traumatic brain injury (TBI). The incidence of TBI worldwide ranges 

from 7.3 to 811 per 100,000 annually, and this great variation in the range of 

incidence is attributed to several factors (Li et al., 2016). These factors include 

differences in socioeconomic status, incidence of cognitive and psychiatric disorders, 

and rate of alcohol and illicit substance use. In particular, motor vehicle collisions 

were the most common cause of TBI in developing countries, while falls were the 

leading cause of TBI in developed countries. Risk factors for TBI include lower 

socioeconomic status, presence of cognitive and psychiatric disorders, and heavy 

alcohol and illicit substance use over time (Li et al., 2016). The distribution of the 

rates of TBI across the adult lifespan has a bimodal distribution, with older adults 

(i.e., over 75 years of age) and young adults (i.e., 15 to 24 years of age) having an 

increased incidence of TBI as compared to adults between 25 to 74 years of age 

(Taylor et al., 2017). The mechanism of ABI in the majority of older adults is 
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different to younger adults. In particular, falls have been identified to be the leading 

cause of TBI in older adults, and this has shown to be associated with increasing age 

(Chan et al., 2013; older adults defined by Chan et al. to be 65 years and above). As 

such, it is assumed that older adults with a TBI may be considered to be of a different 

cohort than younger adults. The prevalence of TBI is estimated to be almost three 

times higher in males than females, and highest in the older adolescent to young 

adult groups (i.e., ages 18-24; Greenwald et al., 2003).  

The pathophysiology of TBI is classified into primary and secondary injuries 

(Rajajee, 2020). Primary injuries to the brain are caused by external mechanical 

forces such as physical impact, rapid acceleration/deceleration, penetration of foreign 

bodies, and blast waves. These forces are transferred onto intracranial contents, 

resulting in focal contusions and hematomas, shearing of white matter tracts (which 

leads to diffuse axonal injury), cerebral oedema and swelling (Rajajee, 2000). 

Secondary injuries are caused by a cascade of mechanisms at the molecular level that 

occur at the time of trauma and continue to contribute to more injury to the brain. 

Such mechanisms include neurotransmitter-mediated toxicity, inflammation, 

electrolyte imbalances, apoptosis, mitochondrial dysfunction, and additional 

ischemia from vasospasms or vascular injuries (Rajajee, 2000).  

The severity of TBI has been traditionally classified using the Glasgow Coma 

Scale (GCS), which is a record of the person’s responsiveness (i.e., eye movements, 

verbal and motor responses). Based on the GCS, the global ratio of mild, moderate 

and severe TBI was 55: 27.7: 17.3 (Li et al., 2016). However, GCS may be 

confounded by other factors (Balestreri et al., 2004), including intoxication, medical 

interventions (e.g., intubation, sedation) or worsening of symptoms (e.g., 

development of hematomas). Other injury severity classification indictors include the 
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Abbreviated Injury Scale, duration of loss of consciousness and duration of post-

traumatic amnesia (Sherer et al., 2008). The Full Outline of UnResponsiveness 

(FOUR) Score is a more recent development designed in an attempt to overcome 

those confounding variables (Stead et al., 2009). Nonetheless, the FOUR score is 

more complicated than the GCS, and poses as an additional barrier for non-

neurologists (Wijdicks et al., 2015). 

Stroke. The two broad classifications of stroke (i.e., cerebrovascular 

accidents) are ischemic and hemorrhagic (Caplan, 2016). Ischemic stroke occurs 

when the supply of blood is insufficient to transport oxygen and nutrients to the 

brain; hemorrhagic stroke occurs when there is excess blood within the intracranial 

cavity. The major subclassifications of ischemic stroke include thrombosis 

(formation of a thrombus within an artery), embolism (fragment of thrombus that 

detaches and moves to another vessel), or systemic hypoperfusion (global loss of 

blood supply to the brain; e.g., cardiac arrest); the major subclassifications of 

hemorrhagic stroke include intracerebral hemorrhage (bleeding within the brain 

parenchyma; usually due to hypertension or trauma) and subarachnoid hemorrhage 

(bleeding into cerebrospinal fluid within the subarachnoid space; usually due to the 

rupture of aneurysms; Caplan, 2016). The extent of brain damage depends on 

whether the stroke is diffuse (e.g., systemic hypoperfusion) or focal (e.g., local 

thrombosis; Caplan, 2016). The most severe brain ischemia tends to occur in 

watershed zones (i.e., areas of the brain where blood perfusion borders overlap), as 

such areas are the most prone to systemic hypoperfusion (Caplan, 2016). 

Stroke accounts for 10% of all deaths globally, with the majority of strokes 

occurring in low- to middle-income countries. The global lifetime incidence of stroke 

occurs in one in four people (GBD Lifetime Risk of Stroke Collaborators, 2018). 
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Within the two broad classifications, globally, ischemic stroke occurs 68 percent of 

the time, while hemorrhagic stroke occurs the other 32 percent of the time 

(Krishnamurthi et al., 2013). Only at ages 80 and above, men and women have an 

equal risk of stroke; younger and middle-aged men have a higher risk of stroke 

compared to women (Virani et al., 2020).  

The NIH Stroke Scale (NIHSS; Brott et al., 1989) is a common tool that is 

used to measure stroke severity (Williams et al., 2000). It is well validated and has 

good reliability and validity (Kasner, 2006). Furthermore, if a detailed history and 

physical examination is recorded, retrospective scores can be generated reliably, with 

an accuracy probability of up to 86% (Kasner, 2006). 

1.1.1 Disability and Functional Outcomes After ABI 

More than a third of people with ABI experience disability in terms of 

functional outcomes. Such disabilities are often complex, and diverse difficulties are 

more commonly reported in ABI as compared to other disability groups (Australian 

Institute of Health and Welfare, 2007). ABI is considered to be a “hidden disability”, 

especially when physical difficulties are mild, due to the complex array of cognitive 

and mental health symptoms that may arise after an ABI (Mar et al., 2011). As 

described above, this disability significantly affects individuals (Mar et al., 2011), 

family and carers (Harding et al., 2015) and the healthcare system due to the large 

costs that arise for ongoing rehabilitation and community care (Beecham et al., 2009; 

Chen et al., 2012). In particular, people with ABI have reported disabilities in the 

following domains: physical abilities, behaviors and personality, mental health and 

affect, and cognition (Snell et al., 2009). 

In the physical domain, common sequelae after an ABI include fatigue, 

headaches, balance difficulties, seizures, chronic pain, hearing and visual 
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impairments, and paralysis (Australian Institute of Health and Welfare, 2007). 

Individuals with ABI may also display changes in their personality and behavior 

(e.g., inappropriate social behavior, impulsivity, irritability, self-centeredness), and 

emotional deficits (e.g., depression, apathy; Bivona et al., 2015; Ciurli et al., 2011; 

Dethier et al., 2013; Draper et al., 2007; Ownsworth & McKenna, 2004; Ponsford et 

al., 2008). Many cognitive changes have been documented, and are not limited to 

deficits in cognitive processing speed (i.e., rate of information processing), selective 

attention (i.e., ability to attend to specific stimuli), sustained attention (i.e., duration 

of concentration), prospective and retrospective memory (i.e., ability to remember to 

perform a task in the future, and memory of information in the past, respectively), 

language (i.e., verbal skills), visuospatial processing (i.e., visual and spatial skills) 

and executive functioning such as judgement, reasoning and planning (Mathias & 

Mansfield, 2005; Mathias & Wheaton, 2007; Perna et al., 2012; Rabinowitz & Levin, 

2014).  

A recent systematic review and meta-analysis conducted by Mollayeva et al. 

(2019) investigated the factors affecting cognitive performance post-TBI. Despite 

identifying 44 “fair” to “good” quality longitudinal studies, the inconsistency of 

results and heterogeneity of methodologies employed (e.g., sample characteristics, 

duration between baseline and follow-up assessments, attrition, age and sex ratio, 

cognitive assessment methods) precluded a clear conclusion of the predictive factors 

affecting cognition after a TBI. However, a general trend of recovery of cognitive 

function over time was identified (Mollayeva et al., 2019). Another crucial aspect of 

cognition that is affected by injury to the brain is metacognition, which refers to the 

self-awareness and self-regulation of cognitive abilities (Ownsworth & Fleming, 



Chapter 1: Acquired Brain Injury in Adults, and the impact of Metacognition on Functional Outcomes 8 

2005; Rabinowitz & Levin, 2014). We will define metacognition in depth in the 

section below.  

As a result of these diverse types of disabilities, individuals with ABI tend to 

experience declines in functional outcomes. Functional outcomes are defined as a 

person’s ability to live independently and participate in leisure activities, engage in 

social relationships, return to study or employment, and their quality of life (Sander 

et al., 2010; Sasse et al., 2013). People with ABI can experience pronounced 

difficulties in core activities of daily living (ADL; e.g., self-care, mobility, 

communication) as well as a possible decline in their quality of life (e.g., health and 

wellbeing, psychological status, social relationships; Hoofien et al., 2001). In 

addition, ABI affects their capacity for employment, as these individuals find it hard 

to attain previous vocational functioning levels (Olver et al., 1996). A significant 

decline in psychosocial ability has also been described in ABI (Krefting et al., 1992). 

The risk of road traffic accidents post-brain injury is also increased (Formisano et al., 

2005). 

The rates of residual functional sequelae differ depending on outcome. For 

example, the literature review by Hoofien et al. (2001) suggests that in terms of long-

term functional sequelae following a brain injury, the unemployment rate can be as 

high as 40%-50%, and the rate of social isolation can be around 50%-60%. The study 

also found a high level of overall psychiatric symptomatology (i.e., above the 95th 

percentile relative to normative data) in 28.3% of the sample, and that the marriage 

rate of the sample was 21.6% lower than the national rate (with a significantly higher 

rate of divorce in the sample compared to national norms). 

Long-term deficits impacting on functional outcomes have been documented 

for both TBI (Ponsford et al., 2008) and stroke (Feigin et al., 2008). Residual 
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cognitive deficits, affect disorders, and psychosocial difficulties have been reported 

at least four years post-stroke (Labi et al., 1980; Wilkinson et al., 1997). Regarding 

residual deficits following an even longer term, cognition, behavior, affect and 

psychosocial deficits have been documented 10-20 years post-TBI (Hoofien et al., 

2001). Such cognitive deficits include difficulties in delayed visual recall and 

processing speed; behavioral deficits include changes in personality, aggressive and 

disinhibited behaviors; disorders of affect include depression and anxiety, and 

psychosocial deficits include social isolation, and poor conflict resolution (Thomsen, 

1992; Yeates et al., 2008).  

1.1.2 Assessment of Functional Outcomes in ABI 

The assessment of functional outcomes following ABI are varied, and include 

self-rated of disability (Williams et al., 2013), return to employment or study status, 

community integration (Willer et al., 1993; Wood & Rutterford, 2006), or a 

combination of these determinants. According to the World Health Organization’s 

(WHO, 2001) International Classification of Functioning, Disability and Health 

model, human functioning and disability is characterized broadly by (a) body 

functions (including psychological functions) and structures (i.e., anatomical body 

parts), and (b) activities and participation (defined as execution of tasks and 

involvement in life situations). Resnik and Plow (2009) surveyed the literature to 

identify the most comprehensive measures of participation based on the WHO 

model. Of the five most comprehensive measures identified, the Mayo-Portland 

Adaptability Inventory – Fourth Revision (MPAI-4; Malec & Lezak, 2008) was 

noted to be a multidimensional measure of activities and participation following an 

ABI. Furthermore, the MPAI-4 assesses physical functions and psychological affect, 

corresponding to the former part of the WHO model.  
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The general practice of assessing functional outcomes has had an overt focus 

on physical limitations, but only a cursory or broad assessment of mental health and 

cognitive outcomes (Pettigrew et al., 1998). In particular, cognitive outcomes have 

been assessed by asking individuals to identify if there have been changes in that 

sphere of concern, rather than relying on formal neuropsychological assessments 

(Shukla et al., 2011). For example, the oldest and most widely utilized scale is the 

Glasgow Outcome Scale (GOS; Jennett & Bond, 1975), which categorizes people 

into five categories: Dead, Vegetative State, Severe Disability, Moderate Disability 

or Good Recovery (Wilson et al., 1998). This scale has been since modified to 

include “low” and “upper” levels in the Severe Disability, Moderate Disability and 

Good Recovery levels (Wilson et al., 1998). Nevertheless, there has been criticisms 

about the scale’s inability to detect subtle changes in cognition and affect, which may 

potentially limit everyday functioning (Pettigrew et al., 1998). Another widely 

implemented tool in the rehabilitation community is the Functional Independence 

Measure (FIM), which is often accompanied with the Functional Assessment 

Measure (FAM) to provide coverage of communication, psychosocial and cognitive 

changes after brain injury (Granger, 1998; Hawley et al., 1999). However, these tools 

have been noted to have ceiling effects in individuals with moderate to severe brain 

injury, and thus are insensitive to relatively smaller changes in rehabilitation (Hall et 

al., 1996). Nonetheless, what is clear is that a multidimensional assessment of 

functional outcome is required to assess recovery after ABI, which is a multifaceted 

and complex condition (Boake & High Jr, 1996). 

Measuring functional outcomes after ABI is complex and challenging due to 

lots of variations in disease mechanisms, recovery trajectory across different 

functional domains, and premorbid functioning levels (Sandsmark, 2016). Unlike 
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acute medical illnesses, recovery from ABI has no clear quantitative endpoint that 

can be measured by an objective metric. Nonetheless, a deeper understanding of the 

factors that affect clinical and functional outcomes during recovery will help 

clinicians and researchers to provide more accurate and timely information to both 

people affected by ABI and their families (Sandsmark, 2016). 

1.1.3 Factors Influencing Functional Outcomes in ABI 

There exists variability in functional outcomes following an ABI (Ponsford et 

al., 2008), in that such individuals can experience good recovery, moderate disability 

or severe disability across different domains of outcome such as independence in the 

home and community, reengagement in employment, and social activities. As such, 

researchers have been interested in identifying factors predicting better functional 

outcome (i.e. good recovery) in individuals with ABI. 

Stroke. It has been found that more years of education was a significant 

predictor of less severe cognitive deficits (such as aphasia, memory and visuospatial 

deficits) in mild to moderate ischemic stroke, even after controlling for demographic 

(i.e., age, gender, marital status) and injury-related factors (i.e., stroke severity, white 

matter lesions; Ojala-Oksala et al., 2012). Another prospective study found that 

cognitive complaints occurring before an initial stroke and having recurrent strokes 

were predictive of cognitive impairments following a stroke (Mok et al., 2003). The 

same study, which utilized multivariate regression analysis, suggested that stroke 

severity and the presence of executive dysfunction (i.e., initiation and perseverance) 

were the best predictors of post-stroke instrumental activities of daily living. A 

prospective study that investigated long-term functional outcomes in adults found 

that stroke severity at admission (as assessed by the NIHSS; Brott et al., 1989) and 
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whether there were recurrent strokes or not were the best predictors of instrumental 

activities of daily living ten years after having a stroke (Synhaeve et al., 2014).  

Traumatic Brain Injury. For TBI, injury severity has been found to be 

associated with a range of outcomes including psychosocial outcomes (Tate et al., 

2005), psychiatric symptoms (Hoofien et al., 2002), and satisfaction with life (Wood 

& Rutterford, 2006). Albeit a small-scale correlational study, Rauen et al. (2014) 

found that shorter coma duration and post-traumatic amnesia duration were 

associated with better long term functional outcomes. 

A recent large-scale, multi-center study employed flexible classification tree 

statistical modelling on data collected from the TBI-Model Systems (TBIMS) 

inception cohort (Walker et al., 2018). The modelling found length of post-traumatic 

amnesia to be the most critical determinant of functional outcome, followed by other 

secondary factors such as age, education and occupation. Years of education has also 

been found to predict better long-term outcomes in social reintegration and 

employment (Dawson & Chipman, 1995). A related construct is the nature of pre-

injury employment, of which individuals who were employed in more skilled jobs 

had better functional outcomes (i.e., work, relationship and activities of daily living) 

following a TBI (Tate et al., 2005). While significant associations have been found 

between different predictors of functional outcomes, such findings have not been 

consistent across studies, due in part to differing assessment methods of injury 

severity (e.g., duration of post-traumatic amnesia versus length of coma) and 

functional outcomes (Ponsford et al., 2008; Tate et al., 2005). Using the Quality of 

Life after Brain Injury (QOLIBRI) instrument, Rauen et al. (2021) found that older 

females reported poorer outcomes than older males, with changes in cognition, self-



Chapter 1: Acquired Brain Injury in Adults, and the impact of Metacognition on Functional Outcomes 13 

perception and affect (as opposed to physical impairments) affecting health-related 

quality of life outcomes. 

Research efforts to identify modifiable factors that influence functional 

outcomes and rehabilitation outcomes after ABI are important. There is some 

evidence supporting the effectiveness of a variety of cognitive rehabilitation 

interventions in ABI recovery (Cicerone et al., 2011; Rohling et al., 2009), and it is 

generally thought that targeting crucial factors (e.g., executive functions, memory) 

that predict better rehabilitation outcomes will result in better overall functional 

outcomes for such individuals, and also reduce the overall burden on healthcare 

costs. One of these identified factors is metacognition, which is one of the post-injury 

factors found to be predictive of better functional and rehabilitation outcomes (Noé 

et al., 2005; Ownsworth & Clare, 2006). A review of the construct and theoretical 

models of metacognition is provided below.  

1.2 Metacognition 

The term “metacognition” is derived from two words: “meta-” meaning about 

itself, and “-cognition” meaning thinking skills. As its name implies, metacognition 

has been colloquially referred to as “thinking about thinking” (Flavell, 1979). 

However, metacognition is more than just an awareness of one’s cognitive abilities, 

and encompasses task-related monitoring for self-regulation, so as to modify and 

control one’s actions (e.g., error correction) to achieve a goal (Metcalfe & 

Shimamura, 1994; Norman et al., 2019). 

Ylvisaker (1998) distinguishes between different aspects of executive 

functions which are higher-order cognitive skills required for successful task 

completion (e.g., planning and managing goals, evaluation of performance, problem 

solving, organization, mental flexibility). Of these, the self-awareness of one’s 
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strengths and deficits, as well as the ability to monitor and evaluate if the task is 

going according to plan are two proposed subdomains of executive functions which 

correspond to the monitoring and self-regulation components of metacognition 

(Ylvisaker, 1998). Accordingly, studies have found associations between 

metacognition and executive functions such as inhibition and mental flexibility 

(Bogod et al., 2003), and perseverations (Ciurli et al., 2010). 

Metacognition has been understood to be essential in many areas of 

cognition, ranging from communication, learning, problem solving, as well as 

influencing socially-directed behaviors through self-regulation (Flavell, 1979; 

Kennedy & Coelho, 2005). According to Bewick et al. (1995), benefits from 

cognitive rehabilitation for ABI may depend on the level of metacognition. A lack of 

metacognition leads to decreased motivation and impedes the application of 

corrective strategies. However, a deficit in metacognition is a common consequence 

of ABI (Bach & David, 2006) and can affect psychosocial functioning (Ownsworth 

et al., 2007) and cognitive rehabilitation outcomes (Fleming & Ownsworth, 2006) in 

patients with ABI, as well as significantly impact on the quality of life of their family 

and caregivers (Ergh et al., 2002). To underscore the importance of metacognition as 

a modifiable factor in improving functional outcomes, Villalobos et al. (2019) found 

that in participants with ABI, an eight-session self-awareness treatment programme 

demonstrated a moderate effect size in terms of improvement of instrumental 

activities of daily living relative to a control group. 

1.2.1 Operational Definition of Metacognition 

The literature employs differing terms to describe metacognition, with studies 

using terms such as “self-awareness”, “insight” and “anosognosia” (Al Banna et al., 

2015; Prigatano & Sherer, 2020). However, these terms refer to largely the same 
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concept, and differ depending on the field of research (e.g., cognitive psychology, 

social psychology; Toglia & Kirk, 2000). As such, the term metacognition will 

henceforth be used to refer to this concept, as metacognition is a broader term that 

has been interpreted to encompass the awareness and regulation of one’s cognitive 

functioning (Al Banna et al., 2015). Besides having differing nomenclatures, 

differing definitions have been used to describe metacognition. Studies have 

described it as the monitoring of one’s cognition (Flavell, 1979) or a general 

awareness of one’s behaviors, including task-related self-evaluation, self-regulation, 

prediction and anticipation (Bewick et al., 1995). Yet others have defined 

metacognition as the conscious perception of one’s self (Prigatano & Schacter, 

1991). The term metacognition has also been used as an index on questionnaires that 

comprise diverse factors such as disinhibition, aggression, and euphoria (on the 

Dysexecutive Questionnaire [DEX]; Martinez & Davalos, 2016); or initiation, 

material organization, planning, and working memory (on the Behaviour Rating 

Inventory of Executive Function [BRIEF]; Donders & Strong, 2016). 

This study’s operational definition of metacognition is based on Toglia and 

Kirk’s (2000) model of metacognition that includes three dimensions: (a) 

metacognitive knowledge (or “metacognitive knowledge and beliefs”, henceforth 

referred to in the thesis as “metacognitive knowledge”), or the knowledge of one’s 

cognitive and functioning capabilities, (b) anticipatory awareness, or pre-task 

appraisal, and (c) emergent awareness, or task-related monitoring and self-regulation 

(note that Toglia and Kirk, 2000, referred to “online awareness” as comprising both 

anticipatory awareness and emergent awareness). This model can be applied to 

metacognition for any domain (e.g., cognitive, physical, perceptual, functional, 

interpersonal), depending on the type of task at hand (e.g., self-care tasks, 
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remembering a grocery list or assembling a bookcase). Toglia and Kirk’s model of 

metacognition is a comprehensive and multidimensional representation of 

metacognition and is a clinically useful framework for addressing impaired 

metacognition as a result of brain injury (Fitzgerald et al., 2012). 

1.2.2 Models of Metacognition 

Flavell (1979) first posited a model of metacognition, which comprises four 

components: (a) metacognitive knowledge, (b) metacognitive experiences, (c) goals 

(or tasks), and (d) actions (or strategies). Metacognitive knowledge and 

metacognitive experiences are both internalized concepts of one’s cognition; 

however, the content of the former pertains to stored information, while the content 

of the latter pertains to feelings of knowing. Goals and actions are the specific task-

related components that are required for successful task completion. Flavell’s (1979) 

model suggests that both metacognitive knowledge and metacognitive experiences 

influence the selection of task strategy in order to attain the goals, and a process of 

cognitive monitoring in turn provides feedback to metacognitive knowledge and 

metacognitive experiences.  

Nelson and Narens (1990) formulated a theory of metacognition, which 

consists of typical cognitive processes that happen at an “object-level”, as well as a 

higher-order “meta-level”. The theory assumes that the brain formulates a model of 

its environment. This model is stored at the meta-level, which influences the object-

level via a process of “control”, and the object-level in turn feeds back into the meta-

level via a process of “monitoring”. Nelson and Narens proposed that control 

processes can modify cognition by changing strategies based on feedback provided 

(i.e., via monitoring). They further suggest that monitoring can be either 

retrospective or prospective. Retrospective monitoring occurs after a task is 
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performed, while prospective monitoring occurs before or during task execution, and 

consists of three different types of judgements about impending tasks (i.e., ease-of-

learning judgements, judgements of learning, and feeling-of-knowing judgements). 

Given that impairments in metacognition are common after a brain injury, 

Crosson et al. (1989) argued that efforts of cognitive rehabilitation to compensate for 

lost cognitive skills can often be hindered if deficits of metacognition were present. 

Based on their observations of patients with ABI, Crosson and colleagues described 

three interdependent aspects of metacognition in their pyramidal model of self-

awareness. In particular, “intellectual awareness” forms the foundational base of the 

pyramid, which supports one’s level of “emergent awareness”, which in turn is 

necessary for “anticipatory awareness”. Similar to metacognitive knowledge, 

“intellectual awareness” was described to be the awareness of impaired cognitive 

functions as a result of a brain injury and is considered to be intact when the 

individual understands the functional impact of their deficits (Crosson et al., 1989). 

The next level of the pyramid was emergent awareness, or the ability to recognize a 

problem during task performance. Crosson and colleagues posited that intellectual 

awareness is a prerequisite of emergent awareness. In other words, being able to 

recognize problems is dependent on whether the individual knowns that the problem 

exists in the first place. The pinnacle of the pyramid, anticipatory awareness, is the 

ability to predict problems that may arise during task performance due to the effect 

of the brain injury. Similar to the middle tier, Crosson and colleagues argued that 

anticipatory awareness is dependent on the functional lower tiers. They suggested 

that individuals with deficits in anticipatory awareness may be able to initiate 

compensatory strategies due to intact emergent awareness and intellectual awareness 

but are not able to predict the success of the chosen compensation. 
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Both Flavell’s (1979) and Nelson and Narens’ (1990) models are based on 

the notion of a feedback loop between events occurring at the metacognitive level 

and task-related cognitive processes. Furthermore, both models imply that these 

levels are interrelated via processes of control (from metacognitive processes to 

cognitive processes) and monitoring (from cognitive processes to metacognitive 

processes). Implicit in these models are that the individual is conscious of these 

control and monitoring processes. However, the pyramidal model of self-awareness 

has been utilized in the literature concerning metacognitive deficits in brain injury 

due to its direct relevance and implications for rehabilitation assessment and 

outcomes (Toglia & Kirk, 2000). Yet, the authors of the pyramidal model of self-

awareness have not been able to reconcile why deficits in some subdomains may 

occur in the absence of deficits of the lower tiers (Toglia & Kirk, 2000). Also, the 

model does not consider the impact of personal factors, such as affect and social 

interactions, nor the effect of task demands on metacognitive abilities (Efklides, 

2008; Toglia & Kirk, 2000).  

Toglia and Kirk (2000) expanded upon the pyramidal model of self-

awareness (Crosson et al., 1989) by positing that the three categories of 

metacognition share a dynamic relationship rather than a hierarchical one. Toglia and 

Kirk’s model of metacognition (also referred to as the Comprehensive Dynamic 

Interactional Model and Dynamic Comprehensive Model of Awareness; Ownsworth 

et al., 2006) identifies three dimensions of metacognition: (a) global pre-existing 

knowledge and beliefs related to one’s functioning, abilities and self-efficacy—

termed as “metacognitive knowledge”; and “online awareness”, which is task 

specific, and can be broken down further into (b) “anticipatory awareness” (the 

ability to foresee challenges before performing tasks and appraisal of performance 
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after tasks) and (c) “emergent awareness” (the ability to recognize and respond to 

challenges during task performance). In addition to the pyramidal model of self-

awareness, online awareness includes self-monitoring and self-regulation during 

tasks, allowing one to adjust performance based on the detection of errors, further 

contributing to the self-evaluation of one’s task-specific performance. As supported 

by others, online awareness is recognized to be influenced by many factors, 

including cognitive deficits, motivation, emotional states, task characteristics, and 

socioenvironmental factors (Ownsworth et al., 2006). Toglia and Kirk’s model of 

metacognition also differentiates between awareness across different domains (i.e., 

physical, cognitive, perceptual, interpersonal, emotional, and functional), and these 

forms of awareness can exist at a conscious (explicit) or subconscious (implicit) level 

(Toglia & Kirk, 2000).  

Experimental and functional neuroimaging studies have shown support for 

Toglia and Kirk’s model of metacognition in finding dissociations between 

metacognitive knowledge and online awareness, but emergent and anticipatory 

awareness show a strong inter-correlation (Hoerold et al., 2013; O'Keeffe et al., 

2007). Additionally, multicontextual treatment approaches based on Toglia and 

Kirk’s model of metacognition have demonstrated improvements in the domains of 

metacognition, as well as in instrumental activities of daily living (Goverover et al., 

2007; Zlotnik et al., 2009).  

1.2.3 Deficits of Metacognition and the Impact on Functional Outcomes 

Shimamura (1994) defines four types of failure of “knowing” at various 

levels of cognitive processing. At a sensory level, blindsight occurs when an 

individual is not conscious of primary visual input. The next level of failure occurs at 

the secondary visual association areas, that is visual agnosia, or the inability to 
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recognize objects. Amnesia, or the failure of episodic memory (i.e., memory of 

events) can occur at the next level, and is dissociable from implicit memory (i.e., 

subconscious memory of actions or procedures). Lastly, failure of knowing can occur 

at the metacognitive level, and is applicable to different cognitive domains. For 

example, awareness of one’s memory abilities is referred to as metamemory; and 

awareness of one’s prospective memory abilities is referred to as meta-prospective 

memory (Shimamura, 1994). It is at this fourth level (i.e., deficits of metacognition) 

that the following discussion will focus on. 

Deficits in metacognition are common in disorders such as ABI (Prigatano & 

Sherer, 2020; Sherer et al., 1998), dementia (Clare et al., 2011), and schizophrenia 

(Frith, 2014; Hur et al., 2014), with studies suggesting that executive functions are 

essential in the support of self-awareness abilities as a common thread across various 

disorders (Amanzio et al., 2020). The impact of metacognitive deficits is widespread, 

ranging from affecting the individual’s receptiveness towards accepting 

rehabilitation, willingness to use compensatory strategies, or even leading to the 

exercising of poor judgement, thus resulting in the engagement of unsafe activities 

(Trudel et al., 1998). The impact of metacognitive deficits on functional outcomes 

will be highlighted further below by focusing on participants with ABI. 

Shimamura (1994) provides evidence that injury to the brain can result in 

focal deficits in “knowing”. It is believed that the integrity of the prefrontal lobes is 

essential for metacognitive abilities (Prigatano, 1991). This is consistent with the 

hypothesis that metacognition is considered to be under the umbrella of executive 

functions. However, metacognition is a complex multidimensional construct, and is 

not limited to the prefrontal cortex (Fitzgerald et al., 2012). Furthermore, other 

studies have failed to find strong associations between executive functions and 
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deficits in metacognition (Bach & David, 2006; Stuss & Levine, 2002), or specific 

clusters of performance on neuropsychological tests based on individuals with 

impaired metacognition (Lanham Jr et al., 2000). 

Neural networks exist between the dorsolateral prefrontal cortex (which 

broadly governs higher order executive functions as well as self-monitoring and 

regulation) to other areas within the prefrontal cortex, basal ganglia and thalamus 

(Prigatano & Schacter, 1991). The dorsal anterior cingulate cortex (ACC), which is 

implicated in error monitoring, learning and behavior modification (Sharp et al., 

2010), has diffuse connections to other areas of the cortex and subcortical regions 

(Taylor et al., 2007). There exists a specific functional connection between the dorsal 

ACC with the anterior insulae, also termed as the ‘salience network’ (Ullsperger et 

al., 2010). This network is said to be important to the concept of a “self” (Craig & 

Craig, 2009), to regulate and adapt behaviors (Ham et al., 2013), be associated with 

error monitoring (Ham et al., 2014), and integrates cognition, social functioning and 

motivation (Craig & Craig, 2009). More recently, the ‘default mode network’ (i.e., 

medial prefrontal cortex, posterior cingulate cortex, and precuneus) has been 

believed to be a strong moderator of metacognition (Grossner et al., 2019).  

Given the complexity of the neural correlates of metacognition, brain injury-

related factors such as lesion location, time since injury, and severity of injury do not 

share a linear relationship with metacognitive abilities (Fitzgerald et al., 2012). For 

example, large acute hematomas may have a minimal effect on metacognition, and 

metacognitive deficits may develop over time (Fitzgerald et al., 2012). Furthermore, 

there exist diverse cortical and subcortical projections and connections (Anderson et 

al., 2013), which may explain why specific focal lesions may not be related. Other 

researchers have reported a stronger relationship between the number of lesion 
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locations and impaired metacognition rather than the volume or location of injuries 

(Sherer et al., 2005). Furthermore, diffuse axonal injuries appeared to have more 

detrimental effects on metacognition as compared to focal lesions. 

Disorders of metacognitive knowledge have been well documented following 

an ABI (Ownsworth & Clare, 2006). Using the PCRS, studies have found that 

individuals with ABI overestimated their capabilities when compared to their 

relatives (Allen & Ruff, 1990; Bivona et al., 2019; Bivona et al., 2021; Sandhaug et 

al., 2012). Another study also found that individuals with ABI overestimated their 

capabilities when compared to clinician ratings in an acute inpatient setting 

(Newman et al., 2000), and tended to underestimate their degree of long-term deficits 

(Santos et al., 1998). One study combined multiple metacognitive knowledge 

assessment rating comparisons between individuals with ABI and their significant 

others and found that those with frontal lobe damage were more likely to under-

report cognitive and behavioral deficits and over-report functional abilities (Dockree 

et al., 2015). This suggests that metacognitive knowledge may rely on frontal lobe 

brain networks to allow for an accurate assessment of one’s strengths and 

weaknesses.  

The impact of impaired metacognitive knowledge on functional outcomes in 

ABI are well established in the research literature. Examples include unrealistic goal 

setting (Fleming et al., 1996), reduced therapy motivation (Fleming et al., 1998), 

formulating less compensatory strategies (Ownsworth & Fleming, 2005), and 

demonstrating lower rates of acceptance of treatment recommendations (Katz et al., 

2002). Compared to individuals who had an ABI with higher metacognitive 

knowledge, those with lower metacognitive knowledge displayed significantly 

poorer overall levels of competency, interpersonal skills, disinhibition, and adaptive 
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functioning (O’Keeffe et al., 2007). Other documented impairments in activities of 

daily living following deficits of metacognitive knowledge in ABI have included 

poorer psychosocial adjustment (Malia, 1997; Ownsworth et al., 2007), community 

re-integration (Robertson & Schmitter-Edgecombe, 2015) and employment outcomes 

(Wise et al., 2005). In addition, family and caregivers of individuals with ABI have 

described a deficit of metacognitive knowledge as having the most debilitating 

impact on quality of life (Ergh et al., 2002). 

A systematic review of by Ownsworth and Clare (2006) found 12 studies 

investigating the association between metacognitive knowledge and rehabilitation 

outcomes (e.g., level of safety, independence, emotional adjustment, social 

reintegration and work outcomes). Four studies supported the notion that better 

metacognitive knowledge was related to better rehabilitation outcomes; six studies 

provided partial support, while two studies did not show this relationship. While the 

authors concluded that the myriad of methodological differences and differences in 

outcomes precluded a clear answer about this relationship, the balance of findings 

was in favor of better rehabilitation outcomes with better metacognitive knowledge. 

A recent study by Villalobos et al. (2019) suggested that improvements in self-

awareness via a dedicated treatment programme demonstrated a moderate effect size 

in terms of improvement of the functionality and independence in instrumental 

activities of daily living of individuals with ABI relative to a control group. 

Conversely, other studies were unable to find clear associations between 

metacognitive knowledge and functional outcomes. In one study, individuals one-

year post-ABI showed no differences in functional outcome between those with 

poorer or better metacognitive knowledge (Fleming et al., 1998). However, those 

with better metacognitive knowledge were more emotionally distressed, perhaps 



Chapter 1: Acquired Brain Injury in Adults, and the impact of Metacognition on Functional Outcomes 24 

leading to the failure to find better functional outcomes. Chesnel et al. (2018) did not 

find any association between metacognitive knowledge with emotional disorders, 

functional independence, disability, work status or quality of life. The authors 

suggested that their participants were, on average, four years post-brain injury, which 

may have resulted in some improvements in metacognitive knowledge. Nonetheless, 

there has not been a quantitative summary of the literature evaluating the relationship 

between metacognitive knowledge and outcome following ABI. An updated meta-

analytic study will be presented in Chapter 2. 

1.2.4 Assessment of Metacognition 

Assessment of metacognitive knowledge. There have been a variety of 

assessment methods used to assess metacognitive knowledge: (a) specific self-

awareness rating scales in which an individual describes their perceived cognitive or 

behavioral symptoms or lack of symptoms, (b) comparison of these self-ratings with 

a significant other’s / caregiver’s ratings on similar scales, and (c) comparison of 

self-ratings with objective task performance (Prigatano & Sherer, 2020; Simmond & 

Fleming, 2003). Commonly used self-rating assessments include: the Self-Awareness 

of Deficits Interview (SADI; Fleming et al., 1996), the Patient Competency Rating 

Scale (PCRS; Prigatano et al., 1986), and the Awareness Questionnaire (AQ; Sherer 

et al., 1998). These interviews and questionnaires assess overall metacognitive 

knowledge either by asking about specific activities or broad functional abilities in 

different contexts. In addition, the AQ contrasts pre-injury abilities and post-injury 

functions and conditions.  

While interview and questionnaire approaches may offer clinically relevant 

data, their subjective nature makes the interpretation of discrepancies between the 

patients and their informants difficult—individuals with metacognitive deficits tend 
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to underestimate their deficits while caregivers tend to overestimate them (Trosset & 

Kaszniak, 1996). Furthermore, an underestimation of actual ability relative to 

predicted ability (i.e., negatively-biased metacognitive knowledge) may either 

represent heightened emotional distress, a self-limiting belief system that attributes 

excess disability relative to reality, or alternatively possible denial in caregivers 

(Bivona et al., 2008, Moore & Stambrook, 2005). An additional confound to using 

interview and questionnaire methods is that individuals with ABI often have 

expressive and receptive language difficulties. Also, emotional status and current 

distress may affect the way responders rate self-rating reports (Miller et al., 2013). 

Consequently, comparing self with clinician ratings has been recommended (Sherer 

et al., 2003), as this may reduce the subjectivity of the family members’ ratings. 

However, due to the limited time clinicians have with patients, Bach and David 

(2006) have argued that clinician ratings may only be provided for limited domains 

of functioning as compared to family informants. Further limitations to the 

comparison of self-ratings with objective task performance is that self-report 

measures assess broad domains, and rarely map directly onto specific tasks (Trosset 

& Kaszniak, 1996). Furthermore, metacognitive knowledge describes an individual’s 

global level of self-awareness on a construct, while task-related awareness is better 

described by online awareness. Nonetheless, as there are no clear behavioral or 

neuropsychological correlates that can measure this construct, current studies can 

only rely on self-reports to assess metacognitive knowledge. 

Assessment of online awareness. The research to date has focused on 

metacognitive knowledge, to the neglect of online awareness (i.e., anticipatory and 

emergent awareness; Al Banna et al., 2015). Some researchers have recommended 

using a multidimensional approach when assessing metacognition, including both 
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online awareness and metacognitive knowledge (Chiou et al., 2011; O’Keeffe et al., 

2007; Ownsworth et al., 2006; Ownsworth et al., 2007). Nevertheless, the assessment 

of online awareness in the current research literature has been inconsistent. Studies 

have used the Self-Regulation Skills Interview (SRSI; Ownsworth et al., 2000) to 

obtain a self-report of emergent and anticipatory awareness (Morton & Barker, 2010; 

Ownsworth & Fleming, 2005). However, the interview requires a subjective 

assessment from the interviewer to quantify various levels of anticipatory and 

emergent awareness with regard to a specified deficit.  

Another method of assessing anticipatory and emergent awareness is to 

obtain judgements of performance on cognitive tests. Item-by-item judgements of 

performance (JoP; e.g., “I’d like you to learn and remember 10 new words – how 

many do you think that you will remember?”) or retrospective confidence judgments 

(RCJs; e.g., “How sure are you that your answer is correct?”; Nelson & Narens, 

1990) present a relatively more objective assessment of anticipatory awareness when 

performing specific tasks, as the participant’s actual performance can be contrasted 

with their appraisal of task performance on each item. Chiou et al. (2011) used this 

method to measure anticipatory awareness on tests of memory and abstract reasoning 

by asking participants with ABI to rate the extent they were certain that their answers 

were correct on verbal learning and abstract reasoning tests. These researchers found 

that the anticipatory awareness or metacognitive appraisal of individuals with ABI 

was poorer for memory task judgements compared to abstract reasoning judgements. 

Chiou and colleagues also suggested that there are distinct domains (i.e., memory 

and abstract reasoning) within the construct of metacognition, implying that future 

studies assessing metacognition need to assess it within the context of different 

cognitive domains as well. However, a recent study employing hierarchical Bayesian 
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modelling provided support suggesting that metacognitive knowledge (with respect 

to rating post-performance confidence) may be domain general rather than specific 

(Mazancieux et al., 2020). A more balanced approach may be to consider that there 

are both domain-general and domain-specific elements of metacognition (Morales et 

al., 2018). 

Another more objective method of measuring emergent awareness is the 

observation of self-regulation behaviors such as error-monitoring during task-related 

performance. One study used an error verbalization paradigm to measure emergent 

awareness by instructing individuals with ABI to verbalize the word “hit” when they 

were conscious of errors on a sustained attention task (McAvinue et al., 2005). 

Individuals with ABI showed lesser emergent awareness than controls, as they were 

unable to identify as many errors of commission. Dockree et al. (2015) used the same 

error verbalization method to measure emergent awareness during a sustained 

attention task and a go/no-go task (attention and inhibition domains respectively). 

Individuals with ABI who had higher levels of emergent awareness performed better 

on a multitasking task relative to those with lower levels of emergent awareness. 

O’Keeffe et al. (2007) utilized the same verbalization paradigm on a similar 

sustained attention task to assess emergent awareness. Individuals with ABI who had 

better emergent awareness showed lower levels of anxiety, had better significant 

other-ratings of their functional competency, and had fewer maladaptive behaviors 

related to frontal lobe damage. 

While there are several methods of assessing emergent awareness, few 

studies have assessed task-related anticipatory awareness based on Toglia and Kirk’s 

model of metacognition amongst individuals with ABI. O’Keeffe et al. (2007) 

assessed anticipatory awareness by measuring the discrepancy between participants’ 
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predicted and actual performance on a verbal generation and numerical memory task. 

Individuals with ABI who had better anticipatory awareness made fewer errors of 

commission on a sustained attention task. Robertson and Schmitter-Edgecombe 

(2015) used a prediction of delayed recall ability on a 15-word list-learning task to 

assess anticipatory awareness but did not find any differences in anticipatory 

awareness between the control and ABI groups. Nonetheless, this unexpected finding 

may have been due to a tendency of both groups to predict their memory ability 

performance to be at the midpoint (Schmitter-Edgecombe & Woo, 2004). 

Furthermore, the individuals with ABI could only remember half of the items on 

average, thus causing the ABI group to be accurate in their assessment of 

anticipatory awareness. Additionally, the study only utilized prospective JoPs in the 

domain of memory but did not employ other retrospective assessments or involve 

other domains such as abstract reasoning.  

Ng et al. (2018) devised a novel method to assess anticipatory awareness and 

emergent awareness. They used regression to determine the measurement of each 

individual’s metacognitive accuracy with respect to the sample’s norm. This method 

is able to partial out error variance which may relate to measurement error. 

Participants were asked to predict their performance on a word list learning task 

before each of the four trials. Self-prediction percentage correct scores were 

regressed onto observed performance percentage correct scores. Each individual’s 

predicted (i.e., based on the regression equation) prediction (i.e., how many words 

they might recall) was subtracted from their observed prediction (i.e., actual 

prediction of how many words they would remember) to obtain their regression 

unstandardized residuals. Such residuals represented the departure from the normed 

discrepancy between the participant’s own prediction and performance with respect 
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to other participants in the sample. Before the first trial, the pre-task prediction 

represented the measure of anticipatory awareness, while the following three trials 

represented early, middle and late emergent awareness measures respectively. 

Asking participants to predict their subsequent performance allowed them to reflect 

on their previous performance and adapt their subsequent task prediction, thus 

reflecting their level of emergent awareness. Similarly, this regression method can be 

used to determine an individual’s level of metacognitive knowledge with respect to 

the sample norm, by regressing self-rating scores onto informant-rating scores and 

deriving the unstandardized residuals. Consistent with Toglia and Kirk’s (2000) 

hypothesis, Ng et al.’s study (2018) found that evaluations of task performance are 

influenced by metacognitive knowledge, and that task performances discrepant from 

expectation may influence emergent awareness. 

The empirical studies in this thesis measure all components of Toglia and 

Kirk’s (2000) model. For metacognitive knowledge, we utilized self- versus 

informant-reports on measures of everyday executive function failures; for 

anticipatory and emergent awareness, we used the approach developed by Ng et al. 

(2018) on a word list learning task. 

The literature on metacognition has mainly concentrated on metacognitive 

knowledge, but much less research has explored anticipatory awareness and 

emergent awareness. Studies have also found deficits in anticipatory awareness 

(O’Keeffe et al., 2007), and emergent awareness (Hoerold et al., 2013) in individuals 

with ABI. However, the relationship between such deficits and functional outcomes 

are unclear, given the lack of research on anticipatory awareness and emergent 

awareness. The current thesis presents an initial study of the relationship between 
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metacognitive knowledge, anticipatory awareness and emergent awareness amongst 

individuals with ABI in an empirical study presented in Chapter 5.  

1.3 The Current Thesis 

This thesis comprises six chapters, of which three are empirical studies 

investigating metacognition as set out in Toglia and Kirk’s (2000) model. As these 

studies are meant to be standalone papers or have been written in manuscript format, 

there may be repetition in the introduction and definitions of previously mentioned 

terms. The references for in-text citations are listed after each chapter to facilitate 

review. All figures, tables and appendices are prefixed with the chapter number for 

ease of reference. 

The overall aims of this thesis were to investigate the relationship between 

metacognition and functional outcomes in adults with ABI and evaluate the validity 

and assessment of the model of metacognition as described by Toglia and Kirk. 

Overall, there are many studies that have investigated the association between 

metacognitive knowledge and functional outcomes, but there has not been a 

quantitative analysis of these studies. A meta-analysis would provide a more reliable 

estimate of the magnitude of effects by pooling individual studies into one analysis, 

and to identify the overall balance of effects. In addition, the relationship between 

online awareness and functional outcomes in ABI is still unclear, given the 

inconsistencies in the literature.  

Following from this introductory chapter, Chapter 2 presents a systematic 

review and meta-analysis of the literature examining the relationship between 

metacognitive knowledge and functional outcomes in ABI. The analysis of the 

relationship between anticipatory awareness or emergent awareness, and functional 

outcomes could not be conducted due to insufficient studies investigating those 
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aspects of metacognition. Instead, functional outcomes investigated included affect-

related, quality of life, community integration and work outcomes. The impact of 

moderating factors such as demographics and injury-related factors were also 

considered.  

Toglia and Kirk’s (2000) model of metacognition has been widely cited in the 

brain injury literature, however, empirical tests of the model have been lacking. 

Chapter 4 will investigate the factor structure of Toglia and Kirk’s model of 

metacognition by performing a confirmatory factor analysis, contrasting three, two or 

single factor models and also a competing model, the pyramidal model of self-

awareness (Crosson et al., 1989). The effect of moderating variables such as age, 

gender and education on metacognition will also be investigated. While it would be 

ideal for Chapter 4 to be validated in participants with ABI, challenges to data 

collection resulted in the need to utilize data collected from a healthy sample of older 

adults. These limitations and rationales will be briefly outlined in linking Chapter 3. 

Chapter 5 presents an investigation into the relationship between 

metacognition and functional outcomes in a sample of community-dwelling adults 

with ABI. The confirmatory factor analysis in Chapter 4 informed the design of the 

analysis in Chapter 5, by identifying the best predictors of metacognitive knowledge, 

anticipatory awareness, and emergent awareness (i.e., highest loading factors). The 

confirmatory factor analysis also guided the analysis by using the identified 

moderating variables to control for such factors.  

Chapter 6 provides a general discussion that consolidates findings across 

Chapters 2, 4 and 5 regarding the investigation of metacognition and its relationship 

to functional outcomes in ABI. 
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2.1  Abstract 

Pronounced difficulties in functional outcomes often follow acquired brain injury 

(ABI), and may be due, in part, to deficits in metacognitive knowledge (being 

unaware of one’s cognitive strengths and limitations). A meta-analytic review of the 

literature investigating the relationship between metacognitive knowledge and 

functional outcomes in ABI is timely, particularly given the presence of apparently 

inconsistent findings. Twenty-two articles revealed two distinct methods of 

measuring metacognitive knowledge: 1) absolute (the degree of inaccurate self-

appraisal regardless of whether the error tends towards under- or over-confident 

estimations) and 2) relative (the degree and the direction of the inaccuracy) 

discrepancy. Separate meta-analyses were conducted for absolute and relative 

discrepancy studies to assess the relationship between metacognitive knowledge and 

functional outcomes (affect-related quality of life, family and community integration, 

and work outcomes). The pattern of results found suggested that better metacognitive 

knowledge is related to better overall functional outcomes, but the relationship may 

differ depending on the outcome domain. These findings generally support the 

importance of focusing on metacognitive knowledge to improve outcomes following 

ABI. Nonetheless, the relatively small effect sizes observed suggest that other 

predictors of functional outcome should be investigated, including other aspects of 

metacognition.  
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2.2 Introduction 

Acquired brain injury (ABI) is an injury to the brain that occurs after birth, 

including traumatic brain injury, stroke, and hypoxic injury (Australian Institute of 

Health and Welfare, 2007). For affected individuals, almost a third experience 

pronounced difficulties in functional outcomes such as community integration, 

communication, and quality of life (Hoofien et al., 2001). Given the wide-ranging, 

adverse effects of ABI, it is important to characterize potential predictors of 

outcomes as these may be targets for intervention. There has been an increased focus 

on metacognitive knowledge, both as an important neurocognitive predictor of post-

ABI functional difficulties, as well as a promising avenue for intervention (Cicerone 

et al., 2011). This is crucial, given that deficits in metacognition after ABI are 

common (varying from approximately 77% to 97%; Hartman-Maeir et al., 2003; 

Sherer et al., 1998), and often identified by the affected families as adversely 

impacting everyday functioning and quality of life (Ergh et al., 2002). Given 

inconsistencies in the literature (Ownsworth & Clare, 2006), this study meta-

analytically reviewed the evidence of the relationship between metacognitive 

knowledge and functional outcomes in adults with ABI with the aim of providing a 

base to guide the development and implementation of focused rehabilitation 

techniques.   

2.2.1 Metacognition 

Metacognition, or the self-awareness and self-regulation of one’s cognitive 

skills or impairments, is required for the execution of complex behaviors (Kennedy 

& Coelho, 2005). Deficits in metacognition are a common consequence of ABI 

(Bach & David, 2006), leading to detriments in psychosocial functioning 
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(Ownsworth et al., 2007), ability to maintain employment (Wise et al., 2005), and the 

quality of life of family members and caregivers (Ergh et al., 2002). Further, the 

ability to benefit from cognitive rehabilitation may depend on the level of 

metacognition (Fleming & Ownsworth, 2006), as poor metacognition may lead to 

decreased motivation to participate in rehabilitative strategies (Bewick et al., 1995). 

In addition to implications for motivation, metacognitive deficits may increase safety 

risks, such as impaired individuals continuing to drive, manage finances or work in a 

high stakes role despite lacking the skills to do so (Formisano et al., 2005; Hurst et 

al., 2020). 

Metacognition is a complex concept and there is currently no unifying 

definition in the literature (Clare et al., 2004). Researchers and clinicians have 

employed differing terms to describe metacognition, such as “self-awareness” 

(including impaired self-awareness [ISA] to denote the lack thereof), “insight” and 

“anosognosia” (Al Banna et al., 2015; Prigatano & Sherer, 2020). However, these 

terms refer substantively to the same concept, differing depending on the field of 

research (e.g., cognitive psychology, social psychology; Toglia & Kirk, 2000). In 

addition, metacognition is more than just “knowing about knowing” (Metcalfe & 

Shimamura, 1994), it also includes the awareness and regulation of one’s cognitive 

functioning (Al Banna et al., 2015), including task-related self-evaluation, self-

regulation, and prediction and anticipation of performance and outcomes (Bewick et 

al., 1995).  

2.2.2 Metacognitive Knowledge – Definition and Assessment 

Metacognitive knowledge is a subset of metacognition and is defined as a 

systematic fund of information about one’s cognition (Schraw & Moshman, 1995). 

Elsewhere, it has been termed ‘intellectual awareness’, and is composed of two, 
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interlinked characteristics: (a) understanding one’s strengths and weaknesses, and (b) 

having knowledge about one’s thought processes and cognitive requirements (Toglia 

& Kirk, 2000). Metacognitive knowledge is unrelated to any given task, but is a 

dynamic process built from prior experiences that affect future behavior globally. In 

other words, each individual’s set of successes or failures alters their metacognitive 

knowledge, and subsequently affects future actions (Toglia & Kirk, 2000). 

Understanding metacognitive knowledge may provide clues to improve treatment 

outcomes, given its association with better treatment compliance and shorter hospital 

admission durations (Prigatano, 2005). As metacognitive knowledge requires a 

subjective self-appraisal mechanism, most studies have relied on discrepancy scores 

between self- and other-rated (i.e., from a clinical team or family member) 

questionnaires to quantify levels of metacognitive knowledge in individuals with a 

brain injury (Al Banna et al., 2015).  

An alternative measure of metacognitive knowledge is semi-structured 

interviews, such as the Self-Awareness of Deficits Interview (SADI; Fleming et al., 

1996) and Self-Regulation Skills Interview (SRSI; Ownsworth et al., 2000), in which 

the individual’s awareness of their functional abilities is rated by the researcher. 

While this method is efficient and allows for more in-depth exploration (Clare et al., 

2005), it has low reliability, and the behavioral manifestations may differ from what 

an individual verbally reports (Deaton, 1986). Given the differences in measurement 

methods, Wise et al. (2005) recommend using multiple measures (e.g., discrepancy-

type and awareness-specific interview) to measure metacognitive knowledge (Wise 

et al., 2005).  
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2.2.3 Functional Outcomes After ABI 

Functional outcomes following ABI are multidimensional, encompassing the 

ability to live independently, participate in leisure activities, engage in employment 

or education, and form and maintain relationships (Ponsford et al., 2008). Functional 

outcomes also include health and quality of life measures, such as physical, social, 

emotional and mental wellbeing (Wilson et al., 2000).  

Commonly used functional outcome assessments include the Glasgow 

Outcome Scale – Extended (Wilson et al., 1998), the Sydney Psychosocial 

Reintegration Scale (Tate et al., 1999), and the Mayo-Portland Adaptability 

Inventory-4 (MPAI-4; Malec & Lezak, 2008). The MPAI-4 comprises three 

subscales: (a) ability (e.g., motor skills, communication, memory, and problem 

solving), (b) adjustment (e.g., depression, anxiety, relationships, social interaction), 

and (c) participation (e.g., social contact, transportation, employment, money 

management). The MPAI-4 possesses good internal consistency across raters (i.e., 

self, significant other, or clinician), and has been proposed as the ‘gold standard’ for 

measuring functional outcomes in individuals with ABI (Malec et al., 2003). 

Measures of mood (e.g., Hospital Anxiety Depression Scale [Zigmond & Snaith, 

1983]; Beck Depression Inventory, second edition [Beck et al., 1996]), and quality of 

life (e.g., Quality of Life After Brain Injury [von Steinbüchel et al., 2005]) are also 

commonly applied. 

2.2.4 Current Study 

Metacognitive knowledge and its relationship to functional outcomes has 

been the focus of a growing body of research. A meta-analysis of the efficacy of 

metacognitive strategy instruction on functional outcomes after TBI suggests that 

metacognitive deficits are modifiable, and that improvements in impairment 
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outcomes and community participation have been noted following metacognitive 

strategy instruction across 5 randomized control treatment studies (Kennedy et al., 

2008). Improvements in instrumental activities of daily living relative to a control 

group were demonstrated following an eight-session self-awareness treatment 

programme in the study by Villalobos et al. (2019).  

However, researchers have taken a wide variety of methodological approaches 

in studying the relationship between metacognitive knowledge and functional 

outcomes, and have perhaps unsurprisingly, produced inconsistent findings. This has 

made it difficult to understand the impact of metacognitive knowledge on functional 

outcomes following brain injury. Therefore, a meta-analytic approach was taken to 

consolidate the literature. Specifically, we aimed to: (a) investigate the overall 

relationship between metacognitive knowledge and functional outcomes following a 

brain injury in adults; and (b) assess the extent to which this relationship is 

moderated by injury characteristics (e.g., type of injury, time since injury, injury 

severity), and demographic variables (e.g., age, gender, pre-injury education). A 

better understanding of these relationships may guide the rehabilitation process and 

subsequently improve functional outcomes in individuals with a brain injury. 

2.3 Method 

This study followed PRISMA guidelines (Liberati et al., 2009; except for risk 

of bias, which was not applicable as the studies were not interventions or treatments) 

and was prospectively registered with the PROSPERO database of systematic 

reviews (CRD42017060619). 

2.3.1 Eligibility Criteria 

As this was the first meta-analysis in this area, no publication date, 

publication status or language restrictions were imposed. Studies that included 
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mainly adults (mean ages between 18-70 years) who had a brain injury (acquired 

[including stroke] or traumatic) were eligible. Further, intervention studies were 

included if baseline (i.e., pre-treatment) data were available.  

Studies must have measured both metacognitive knowledge (measured by 

discrepancy scores between self and other [i.e., either clinicians or informants] 

evaluations of abilities using either [a] questionnaires/rating scales, or [b] interviews) 

and at least one functional outcome (any measure of ability, adjustment, or 

participation consistent with the gold-standard MPAI-4). We chose to focus on 

instrumental activities of daily living (IADL; e.g., managing finances, home 

maintenance) instead of basic ADLs (e.g., personal hygiene, feeding), given that 

basic ADLs may be related to more physical limitations rather than cognitive 

limitations. Reported correlations between metacognitive knowledge and functional 

outcome were requested from the corresponding author if unavailable. 

2.3.2 Information Sources 

A comprehensive, electronic literature search was conducted (by Y.Y.) for 

articles published in peer-reviewed journals, grey literature, theses and dissertations, 

and conference abstracts between January, 1806 and August, 2016, using the 

databases EBM, Embase, MEDLINE, Proquest, PSYCArticles, PsycExtra, 

PsycINFO, ScienceDirect, Scopus, and Web of Science. Hand-searching was used to 

augment the search (including the references of selected articles).  

2.3.3 Literature Search 

Search terms used were: (a) ABI (e.g., brain injury, cerebrovascular 

accident); (b) metacognitive knowledge (e.g., self-awareness, insight, anosognosia); 

and (c) functional outcomes (e.g., instrumental activity of daily living, community 

integration, quality of life, return to work; see Appendix 2.A for exact search terms). 
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Search results were limited to studies using humans, and adult samples (mean age 

18-70 years; excluding studies which looked specifically at children, adolescents 

[mean age < 18] or older adults [mean age > 70 years]). 

2.3.4 Study Selection 

One author (Y.Y.) reviewed all the articles through title and abstract 

screening, as well as full-text screening. Two reviewers (Y.Y. and F.A.) 

independently evaluated included full-text studies using the eligibility criteria, to 

reduce the potential of bias. Disagreements between the reviewers were resolved by 

consensus.  

2.3.5 Data Collection Process 

From the 117 full-text articles reviewed for eligibility, 41 studies assessed 

metacognitive knowledge and a functional outcome measure but did not include the 

correlation between these variables or required more information regarding the 

demographic and sample variables. Emails requesting the required correlations and 

specific variable names were sent to the corresponding authors, 17 of whom replied, 

10 with the requested data; 7 were unable to assist. Nine studies required further 

information about the demographic and injury characteristics (e.g., due to unreported 

data, or multiple non-ABI groups), of which three authors provided the required 

information. 

2.3.6 Data Items 

The following variables were extracted: (a) author, (b) publication year, (c) 

article title, (d) journal title, (e) sample size, (f) brain injury population type (e.g., 

traumatic brain injury [TBI] or non-TBI [e.g., stroke, tumor]), (g) name of 

metacognitive knowledge assessment, (h) type or mode of metacognitive knowledge 

assessment (i.e., questionnaire; self- versus other-report; or clinical judgement), (i) 
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name of outcome measure, (j) type or mode of outcome measure (i.e., questionnaire; 

interview; or observation), (k) domain of outcome measure (i.e., adjustment or 

participation/general functional outcome; quality of life; etc.), (l) correlation between 

metacognitive knowledge and functional outcome, and (m) study characteristics (i.e., 

proportion of males, mean age, mean years of education, mean time since injury 

[months], mean length of loss of consciousness [days], mean length of post-traumatic 

amnesia [days]).  

2.3.7 Summary Measure  

The meta-analysis was performed by pooling the correlations of a measure of 

metacognitive knowledge and a functional outcome from individual studies into a 

summary correlation.2 To analyze the effects in different domains of functional 

outcomes, a separate summary correlation was calculated for each domain. For 

studies that reported more than one correlation (e.g., correlations with different 

functional outcome assessments [e.g., more than one mode of assessment for a 

functional outcome in a study] or domains [e.g., more than one functional outcome 

domain in a study]), the mean of the correlations was used as a combined correlation 

for that study. 

2.3.8 Planned Methods of Consistency Analysis 

Tests of heterogeneity (i.e., Cochrane’s Q, and I2 statistics) were conducted to 

measure the consistency between studies. A significant Q statistic (defined by p < 

 
2 Each study’s correlation was converted into a Fisher’s z (see Equation 1), then individual Fisher’s z 

scores were pooled into a summary Fisher’s 𝑧̅, and then converted back to a summary correlation 

(Equation 2), along with the 95% confidence intervals (Borenstein, Hedges, Higgins, & Rothstein, 

2009a). The standard error of the summary Fisher’s z is shown in Equation 3. 

 𝑧 = 0.5 ×  ln (
1 + 𝑟

1 − 𝑟
) (Equation 1) 

 �̅� =  
𝑒2�̅�− 1

𝑒2�̅� + 1
 (Equation 2) 

 𝑆𝐸𝑧 =  √
1

𝑛 −3
 (Equation 3) 
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.05) indicated that there was a significant difference between the observed and true 

effect. Because the Q statistic has low power and is affected by small sample sizes 

(Gavaghan et al., 2000), the I2 statistic was calculated as well. The I2 statistic 

measures the percentage of variation that is due to heterogeneity between studies 

rather than chance, and which can be attributable to potential moderator variables 

(Borenstein et al., 2009b). A low I2 statistic suggests low heterogeneity (25%), while 

a moderate (50%) or high (75%) I2 value suggests that most of the observed variance 

is reflective of real differences in study effects (Higgins et al., 2003).  

2.3.9 Moderation Analyses 

Moderation analyses were conducted when there was evidence of significant 

heterogeneity. Note, only those analyses that identified significant moderators are 

reviewed in text (i.e., non-significant moderation analyses are not reported). Planned 

subgroup analyses were conducted to investigate potential differences between 

different study populations and characteristics exploring the following 

covariates/factors: (a) correlation type (i.e., simple correlations which were either [1] 

parametric - Pearson’s r; or [2] non-parametric - Spearman’s ρ; or [3] associations 

accounting for covariates using either regression β weight or partial correlations), (b) 

rater type (i.e., clinician or informant/significant other rating), and (c) population 

type (i.e., TBI or non-TBI). The subgroup analyses were conducted only for 

subgroups with more than four studies (Fu et al., 2011). 

Many factors predict functional outcome in ABI, including age (Rothweiler et 

al., 1998), gender (Farace & Alves, 2000), preinjury education (Cattelani et al., 

2002), and injury severity as measured by duration of post-traumatic amnesia 

(Sigurdardottir et al., 2009). Planned meta-regressions were conducted to assess the 

impact of continuous covariates on the relationship between metacognitive 
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knowledge and functional outcomes: (d) percentage of males, (e) mean age, (f) time 

since injury, or (g) years of education. A mixed effects regression with restricted 

maximum likelihood (REML) analysis was used, as REML is efficient and yields a 

less biased estimate than an unrestricted maximum likelihood analysis (Thompson & 

Sharp, 1999). While there is no fixed rule, meta-regression analyses were conducted 

only if there were at least 10 studies, as recommended by Borenstein et al. (2009a). 

2.3.10 Publication Bias Analysis 

Funnel plots were generated for each summary measure. The standard error 

for each study was plotted against the correlation, and the symmetry of such plots 

was visually analyzed. Egger’s test was used as a formal statistical assessment to 

ascertain if publication bias was evident (Egger et al., 1997).  

2.3.11 Data Analysis 

Comprehensive Meta-Analysis version 2.2.064 (Borenstein et al., 2011) was 

used to perform the meta-analyses using random effects models. A significance level 

of .05 (two-tailed) was used throughout.  

2.4 Results 

2.4.1 Study Selection 

Screening. Figure 2.1 shows the study selection process. There were no 

additional articles identified through hand-searching 1143 references from the 

included articles. 
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Figure 2.1. Flow Diagram of Study Selection. 

 

 

2.4.2 Preliminary Analyses 

The hierarchy of functional outcomes was divided into two broad domains: 

(a) quality of life-related and (b) everyday functioning-related. Quality of life-related 

outcomes included affect (i.e., depression, anxiety, and mixed affect related quality 

of life [indices that combine more than one type of affect; e.g., Depression, Anxiety 
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and Stress Scale]) and other quality of life outcomes (i.e., general quality of life 

excluding pure affect-related outcomes; e.g., Subjective Quality of Life Scale). 

Everyday functioning-related outcomes included family and community integration 

(i.e., engagement in social activities; e.g., Sydney Psychosocial Reintegration Scale) 

and work-related outcomes (e.g., employment status; Work Status Rating Scale). 

Inspection of published studies revealed different methods of assessing 

metacognitive knowledge. Some studies quantified metacognitive knowledge on a 

continuum from “good” to “poor”. Others quantified it on a continuum from “under-

estimation of abilities” to “over-estimation of abilities”, with “accurate” estimations, 

that is neither over-, nor under-estimation of abilities, in the middle. These differing 

methodological approaches do not allow for pooling of correlations across studies. 

As such, the studies were split into two groups: (a) “absolute” studies, with meta-

cognitive knowledge rated continuously from good to poor regardless of error type 

(i.e., negative or positive bias) and (b) “relative” studies, rated continuously with 

regard to the degree and direction of metacognitive error type (i.e., negative or 

positive bias). 

Definition of predictor (metacognitive knowledge) and dependent 

(functional outcome) variables. Studies employed differing measures of 

metacognitive knowledge, order of subtraction terms (i.e., self-ratings minus 

informant rating or vice versa), and functional outcomes. For absolute studies, larger 

discrepancies indexed poorer metacognitive knowledge regardless of over- or under-

estimation of abilities. For relative studies, metacognitive knowledge was defined as 

follows: (a) larger positive discrepancies were indicative of over-estimation of 

abilities, (b) larger negative discrepancies as indicative of under-estimation of 

abilities, and (c) low discrepancies reflected good metacognitive knowledge. The 
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order of subtraction terms was defined by self-ratings minus clinician/informant 

ratings. Outcome measures were defined by larger scores as indicative of better 

functioning (Figures 2.2a and 2.2b).  

 

 

Figure 2.2a. Example Correlations for Absolute Studies. 

 

 

Figure 2.2b.1Example Correlations for Relative Studies. 

 

 

Interpretation of the relationship between metacognitive knowledge and 

functional outcomes. The appropriate reversals of correlation polarity were applied 

to ensure that comparisons were equivalent. For absolute studies, positive 

correlations indicated poorer outcomes with better metacognitive knowledge (i.e., 

less discrepancy between self and other estimations), while negative correlations 

indicated better outcomes with better metacognitive knowledge (Figure 2.2a). 

Nonsignificant correlations would indicate that outcomes were not related to 
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metacognitive knowledge, or that there may be a difference between the functional 

outcomes of those who over- and under-estimate their performance. 

For the relative studies, positive correlations indicated better outcomes with 

overestimations of abilities (and poorer outcomes with underestimation of abilities), 

while negative correlations indicated poorer outcomes with overestimations of 

abilities (and better outcomes with underestimations of abilities; Figure 2.2b). Of 

note, there are several interpretations of nonsignificant outcomes (i.e., no relationship 

between metacognitive knowledge and outcome, or possible nonlinear relationships 

[e.g., better outcomes relating to better metacognitive knowledge but poorer 

outcomes relating to both over- and underestimation of abilities; or vice versa]). The 

nonsignificant outcomes should be interpreted in conjunction with the absolute 

studies (see Discussion section). 

There were four studies that assessed metacognitive knowledge using both 

absolute and relative methods (Llorens et al., 2015; Ownsworth et al., 2007; Roberts 

et al., 2006; Wise et al., 2005). The correlations from these studies were analyzed 

separately in each group. 

2.4.3 Studies Using Absolute Discrepancies to Measure Metacognitive 

Knowledge 

Study characteristics. Seven studies reported correlations between absolute 

discrepancy scores and outcomes reporting 18 correlations (see Table 2.B1 in 

Appendix 2.B) for 289 participants, with an average age of 40.2 years (weighted 

mean; range: 33-59), 66.0% male, with an average time since injury of 35.2 months 

(weighted mean), and average education of 12.6 years (weighted mean, two studies 

did not report). Five of seven studies used the Self-Awareness of Deficits Interview 

(SADI; Fleming et al., 1996) as a measure of metacognitive knowledge. 
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The functional outcomes from the seven included studies fell under two broad 

subcategories: Affect-related Quality of Life (Anxiety [k = 3; k is the number of 

studies]; Depression [k = 5]; because there were no studies under the Other Quality 

of Life subcategory, only overall affect-related quality of life outcomes are reported) 

and Everyday Functioning (Family and Community Integration [k = 3]; work [k = 

1]).  

2.4.4 Studies Using Relative Discrepancies to Measure Metacognitive 

Knowledge 

Study characteristics. Nineteen studies reported 60 correlations with relative 

discrepancy scores (see Table 2.C1 in Appendix 2.C), for 974 participants, with an 

average age of 40.3 years (weighted mean; range: 29-61), 70.4% male, with an 

average time since injury (TSI) of 48.3 months (weighted mean; 2 studies did not 

report), and average education of 12.0 years (weighted mean, 10 studies did not 

report). Nine studies used the Awareness Questionnaire (AQ; Sherer et al., 1995) 

measure of metacognitive knowledge, and 7 studies used the Patient Competency 

Rating Scale (PCRS; Prigatano et al., 1986). 

The functional outcomes were classified into Quality of Life (k = 13) and 

Everyday Functioning (k = 10), with the Quality of Life outcomes being 

subcategorized into Affect-Related (k = 12) and Other Quality of Life (k = 3). The 

Affect-Related Quality of Life outcomes were further split into Anxiety (k = 6); 

Depression (k = 10); and Mixed Affect-Related Quality of Life (k = 4). The 

functional outcomes under Everyday Functioning fell into the following 

subcategories: Family and Community Integration (k = 9); Work (k = 3).  
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2.4.5 Summary of Results by Outcome across Methodologies  

Overall outcomes. Table 2.1 reports the pooled correlations for absolute 

studies by functional outcome domain (Appendix 2.D shows the forest and funnel 

plots). Overall, better metacognitive knowledge, assessed using absolute 

discrepancies, was associated with better functional outcomes (k = 7; pooled 

correlation = -.14, 95% CI: -.26 to -.03, p = .018; Figure 2.D1.1a). Although 

significant, this effect was small, as only 2% of the variance in functional outcomes 

was explained by metacognitive knowledge. There was no evidence of heterogeneity. 

The funnel plot was symmetrical (Figure 2.D1.1b) and Egger’s test was 

nonsignificant (intercept = -0.28; 95% CI -3.25 to 2.70; p = .821), suggesting that 

publication bias was unlikely.  

 

Table 2.1 

Pooled Correlations of the Relationship Between Metacognitive Knowledge and Functional 

Outcome in Absolute Studies Across Functional Outcome Domains 

Note. k = number of studies in each meta-analysis. r = pooled correlation. 95% CI = 95% confidence interval of the 

pooled correlation. z = Fisher’s z. p1 = Fisher’s z significance. Q (df) = Cochran’s Q and associated degrees of freedom. 

p2 = Cochran’s Q significance. I2 = I-squared statistic. T2 = Tau-squared statistic. * = p < .05. 

 

On the whole, metacognitive knowledge assessed using the relative method 

(Table 2.2) was not associated with overall functional outcomes (Figure 2.D1.2a). 

Functional Outcome Effect Size Statistics Homogeneity Statistics 

 k r 95% CI z p1 Q (df) p2 I² Τ² 

   Lower Upper       

Overall 7 -.14* -.26 -.03 -0.24 .018 3.07 (6) .801 0.00 0.00 

Quality of Life, Overall 

Affect 

5 -.19 -.40 .03 -1.71 .088 8.50 (4) .075 52.95 0.03 

Quality of Life, Anxiety 3 -.06 -.22 .09 -0.78 .433 1.47 (2) .481 0.00 0.00 

Quality of Life, 

Depression 

5 -.22* -.43 -.002 -1.98 .048 8.62 (4) .071 53.61 0.03 

Everyday Functioning, 

Overall 

4 -.14 -.32 .06 -1.37 .170 4.51 (3) .212 33.45 0.01 

Everyday Functioning, 

Family and Community 

Integration 

3 -.16 -.39 .09 -1.27 .206 3.78 (2) .167 44.07 0.02 
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There were no significant moderators identified for overall outcome. The funnel plot 

was symmetrical (Figure 2.D1.2b) and Egger’s test was nonsignificant (intercept = 

1.49; 95% CI -3.19 to 6.17; p = .511), suggesting that publication bias was unlikely.  

 

Table 2.2 

Pooled Correlations of the Relationship Between Metacognitive Knowledge and 

Functional Outcome in Relative Studies Across Functional Outcome Domains 

Note. k = number of studies in each meta-analysis. r = pooled correlation. 95% CI = 95% confidence interval of the pooled 

correlation. z = Fisher’s z. p1 = Fisher’s z significance. Q (df) = Cochran’s Q and associated degrees of freedom. p2 = Cochran’s 

Q significance. I2 = I-squared statistic. T2 = Tau-squared statistic. * p < .05. 
 

Quality of life-related outcomes. There were no absolute studies using 

overall quality of life (or “other” quality of life measures) as an outcome.  

In relative studies, individuals who overestimated their performance had 

better overall quality of life outcomes, followed by individuals who had good 

metacognitive knowledge, who in turn had better overall quality of life outcomes 

than individuals who underestimated their performance (k = 13; pooled correlation = 

.19, 95% CI: .03 to .34, p = .021; Figure 2.D2.2a). Of note, there was evidence of 

Functional Outcome Effect Size Statistics Homogeneity Statistics 

 k r 95% CI z p1 Q (df) p2 I² Τ² 

   Lower Upper       

Overall 19 .03 -.14 .19 0.32 .746 116.05 (18) <.001 84.49 0.11 

Quality of Life, Overall 13 .19* .03 .34 2.30 .021 44.10 (12) <.001 72.80 0.06 

Quality of Life, Overall 

Affect 

12 .21* .06 .36 2.70 .007 38.42 (11) <.001 71.37 0.05 

Quality of Life, Anxiety 6 .09 -.06 .24 1.16 .246 10.62 (5) .060 52.91 0.02 

Quality of Life, 

Depression 

10 .20* .08 .31 3.16 .002 15.72 (9) .073 42.75 0.02 

Quality of Life, Other 

Quality of Life 

3 .14 -.21 .47 0.78 .435 7.12 (2) .029 71.89 0.07 

Everyday Functioning, 

Overall 

10 -.14 -.34 .07 -1.28 .199 61.53 (9) <.001 85.37 0.10 

Everyday Functioning, 

Family and Community 

Integration 

9 -.17 -.39 .07 -1.38 .169 66.60 (8) <.001 87.99 0.12 

Everyday Functioning, 

Work 

3 -.18* -.34 -.01 -2.10 .036 2.83 (2) .243 29.24 0.01 
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moderate to high heterogeneity. Moderation analyses using correlation type, rater 

type, and population type were significant. Of most interest, the relationship between 

metacognitive knowledge and quality of life was not evident amongst subgroups with 

a TBI but remained for the subgroup of individuals with non-TBI. Meta-regression 

revealed that age was a small, but significant predictor of the relationship between 

metacognitive knowledge and overall quality of life (k = 13, Q(1) = 4.05, β = .02, p = 

.044), with increasing sample mean age associated with larger positive correlations 

(Figure 2.3), suggesting that, relative to younger adults, older adults who 

overestimated their performance had better overall quality of life outcomes, followed 

by older adults who had good metacognitive knowledge, who in turn had better 

overall quality of life outcomes than older adults who underestimated their 

performance. See Appendix 2.E for details of these moderation analyses. The funnel 

plot was symmetrical (Figure 2.D2.2b) and Egger’s test was nonsignificant (intercept 

= -0.02; 95% CI -4.21 to 4.17; p = .994), suggesting that publication bias was 

unlikely. 

 

 

Figure 2.3. Meta-Regression Plot of Age and the Effect Size of the Correlations 

Between Metacognitive Knowledge and Affect-Related Quality of Life. 
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Other quality of life-related outcomes. No absolute studies evaluated this 

relationship. For relative studies, there was no relationship between metacognitive 

knowledge and other quality of life related outcomes (Figures 2.D3.2a and 2.D3.2b). 

Moderator analyses were precluded due to the limited number of studies. 

Affect-related quality of life outcomes. Metacognitive knowledge assessed 

using the absolute method was not associated with overall affect-related quality of 

life (Figure 2.D4.1a). The funnel plot was symmetrical (Figure 2.D4.1b) and Egger’s 

test was nonsignificant (intercept = -3.13; 95% CI -8.16 to 1.90; p = .142), 

suggesting that publication bias was unlikely.  

For relative studies, individuals who overestimated their performance had 

better overall affect-related quality of life outcomes, followed by individuals who 

had good metacognitive knowledge, who in turn had better overall affect-related 

quality of life outcomes than individuals who underestimated their performance (k = 

12; pooled correlation = .21, 95% CI: .06 to .36, p = .007; Figures 2.D4.2a and 

2.D4.2b). As there were findings of heterogeneity, moderation analyses using 

correlation type, rater type, and population type were conducted and found to be 

significant. Results were essentially identical to those seen in overall quality of life 

outcomes (Appendix 2.E). 

Depression and anxiety outcomes. Metacognitive knowledge as assessed by 

both absolute and relative methods was not associated with symptoms of anxiety 

(Figures 2.D5.1a, 2.D5.1b, 2.D5.2a, 2.D5.2b).  

However, better metacognitive knowledge as assessed by the absolute 

method was associated with better depression-related outcomes (k = 5; pooled 

correlation = -.22, 95% CI: -.43 to -.02, p = .048; Figures 2.D6.1a and 2.D6.1b), and 

there was no evidence of heterogeneity. For relative studies, individuals who 
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overestimated their performance had better depression-related outcomes, followed by 

individuals who had good metacognitive knowledge, who in turn had better 

depression-related quality of life outcomes than individuals who underestimated their 

performance (k = 10; pooled correlation = .20, 95% CI: .08 to .31, p = .002; Figures 

2.D6.2a and 2.D6.2b). There was no evidence of heterogeneity. 

Overall everyday functioning outcomes. Metacognitive knowledge 

assessed using absolute discrepancy was not associated with overall everyday 

functioning outcomes (Figure 2.D7.1a). While Egger’s test was not significant 

(intercept = 3.63; 95% CI -0.61 to 7.88; p = .066), the funnel plot was asymmetrical 

(Figure 2.D7.1b), suggesting publication bias. However, a valid evaluation of 

publication bias was precluded due to the small number of studies.  

Metacognitive knowledge assessed using the relative method was not 

associated with overall everyday functioning outcomes (Figure 2.D7.2a). Of note, 

due to the findings of heterogeneity, a moderation analysis was conducted revealing 

correlation type (Spearman’s vs. Pearson’s vs. Beta weights) as a significant 

moderator. Specifically, the relationship between metacognitive knowledge and 

everyday functioning became statistically significant when only those studies that 

used Pearson’s correlations were included (k = 7; pooled correlation = -.24, 95% CI: 

-.38 to -.09, p = .003; Appendix 2.E). The funnel plot was symmetrical (Figure 

2.D7.2b) and Egger’s test was nonsignificant (intercept = -.78; 95% CI: -8.86 to 

7.30; p = .830), suggesting that publication bias was unlikely.  

Family and community integration outcomes. Metacognitive knowledge 

was not associated with family and community integration outcomes regardless of 

methodology (Figures 2.D8.1a, 2.D8.1b, 2.D8.2a, 2.D8.2b). Moderation analyses for 
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the family and community integration outcomes were similar to those reported for 

overall everyday functioning. 

Work outcomes. Work-related outcomes were only available for the relative 

method and suggested that individuals who underestimated their performance had 

better work-related outcomes, followed by individuals who had good metacognitive 

knowledge, who in turn had better work-related outcomes than individuals who 

overestimated their performance (k = 3; pooled correlation = -.18, 95% CI: -.34 to -

.01, p = .036; Figures 2.D9.1a and 2.D9.1b). There was no evidence of heterogeneity. 

Due to methodological differences in the measurement of metacognitive 

knowledge, two separate meta-analyses were conducted for studies measuring 

metacognitive knowledge using the absolute (i.e., combining over- and under-

estimation of abilities) and relative (i.e., separating over- and under-estimation of 

abilities) discrepancy methods respectively. As these approaches measure similar 

constructs, it would be more meaningful to consider them in conjunction. Illustrating 

this, Table 2.3 shows possible interpretations considering the effects of both absolute 

and relative studies. For example, if both relative and absolute studies support a 

negative relationship between metacognitive knowledge and outcomes, then under-

estimation of abilities would be associated with better outcomes than good 

metacognitive knowledge, which, in turn, would be associated with much better 

outcomes than over-estimation of abilities (with reference to Table 2.3, “Under > 

Good >> Over”). Below, we outline each functional outcome category combining 

findings for both absolute and relative studies. 
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Table 2.3 

Interpretation of the Combination of Absolute and Relative Study Findings 

Relative 
Absolute 

Negative effect No effect Positive effect 

Negative 

effect 
Under > Good >> Over 

Good > Under & 

Over 
Over > Good >> Under 

No effect Under > Good > Over 

No relationship 

between 

metacognitive 

knowledge and 

functional outcomes 

Over > Good > Under 

Positive effect Under >> Good > Over 
Under & Over > 

Good 
Over >> Good > Under 

Note. Under = Underestimation of abilities. Good = Good metacognitive knowledge (similar estimation of 

abilities). Over = Overestimation of abilities. > = better functional outcomes than. >> = relatively better 

functional outcomes than “>”. For each type of functional outcome, the results (i.e., negative, no, or positive 

effect) from each of the Absolute (y-axis) and Relative (x-axis) meta-analyses were viewed in conjunction, such 

that the corresponding box would indicate the nature of the relationship between the differing levels of 

metacognition (i.e., under-estimation, good metacognitive knowledge and over-estimation) and functional 

outcomes. 

 

2.5 Discussion 

This meta-analysis is the first to investigate the relationship between 

metacognitive knowledge and functional outcomes following brain injury in adults, 

including potential moderating effects of injury and demographic variables.  

Overall functional outcomes. The knowledge provided by both absolute and 

relative studies provides a clearer picture of the pattern of results (Table 2.3). That is, 

the finding of a negative effect in the absolute studies, in combination with no effect 

in the relative studies, suggests that better metacognitive knowledge is associated 

with better overall outcomes (i.e., quality of life and everyday functioning outcomes) 

than poor metacognitive knowledge, regardless of whether there was an over- or 

under-estimation of abilities.  
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This is consistent with Ownsworth and Clare’s systematic review (2006), 

which concluded that better awareness of brain injury-related deficits was generally 

associated with better outcomes (four studies showed full support; six studies showed 

partial support; two studies showed no support). The literature has grown since the 

previous review, and this meta-analysis provides quantitative evidence to support 

their qualitative conclusions. 

Overall quality of life. This subdomain is comprised of the combination of 

affect-related and non-affect-related quality of life outcomes. Overall, over-

estimators had better self-reported quality of life. However, this finding remained 

significant only within (a) the non-TBI group, suggesting differing patterns of 

recovery depending on injury type. It is unclear why injury type might moderate the 

relationship between meta-cognitive knowledge and quality of life, but there is 

evidence that the demographic profile of individuals with TBI is often different from 

that of the non-TBI population (e.g., age, gender, medical risk factors; Feigin et al., 

2010). Further, there is evidence that recovery trajectory and functional outcomes 

may differ depending on the mechanism of injury. For example, a meta-analytic 

review of memory rehabilitation intervention efficacy by Elliott and Parente (2014) 

found larger effect sizes in the non-TBI group (i.e., stroke) relative to the TBI group–

that is, the non-TBI group appeared to benefit more from the memory intervention. 

Further investigation of the mechanisms by which injury type may influence the 

relationship between metacognitive knowledge and quality of life is needed.   

The present findings also indicated that the relationship between over-

estimation of abilities (i.e., positively-biased metacognitive knowledge) and better 

self-reported quality of life was stronger with (b) increasing age, suggesting that 

overestimation might serve as a protective factor in older, but not younger adults. 
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Older individuals who had positively-biased metacognitive knowledge may have 

better quality of life outcomes as they may have a lower tendency to view problems 

as threatening, and may be less emotionally affected by these problems (Aldwin et 

al., 1996). 

Affect-related quality of life. These studies examined specific affect-related 

aspects of quality of life, without considering non-affective components. Results 

were essentially identical to overall quality of life, in that individuals who had 

positively-biased metacognitive knowledge had better self-reported quality of life. 

An exception was that, in the moderation analyses, the relationship between 

positively-biased metacognitive knowledge and better affect-related quality of life 

only remained when informants were raters (as opposed to clinicians). Studies 

investigating convergence between clinician and informant raters (e.g., family 

members) for affect-related quality of life (without consideration of its relationship to 

metacognitive knowledge) have produced mixed results. While Smeets et al. (2014) 

did not find any inter-group differences between clinician versus informant ratings, 

other studies have found at least partial agreement (Sherer et al., 1998) or greater 

discrepancies between these two groups, with clinicians overestimating competencies 

relative to family in the “good awareness” group, but underestimating competencies 

relative to family in the “poor awareness” groups (Fordyce & Roueche, 1986). 

Potential factors posited to explain the differences seen between clinician and 

informant ratings include the possibility that (a) informants’ ratings are influenced by 

their own depression or anxiety, given that clinical levels of depression and anxiety 

have been reported in over a third of caregivers of individuals with TBI (Marsh et al., 

2002); (b) that clinicians’ ratings may be inaccurate as their exposure to the patient is 

limited to a single setting (Wise et al., 2005), or they may be unaware of the patient’s 
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premorbid personality (Fleming et al., 1996). Ultimately, however, this study 

supports the possibility that the relationship between metacognitive knowledge and 

overall affect-related outcomes is only present with respect to informant ratings. 

Regarding depression, over-estimators had lesser symptoms of depression 

than individuals with good metacognitive knowledge, with under-estimators having 

the highest levels of depression. Clinical lore suggests that increased metacognitive 

knowledge results in increased depression, as the more aware people are of their 

brain injury-related deficits, the more depressive symptoms they are thought to face. 

However, the literature has been inconsistent about this assumption, with some 

studies supporting this positive association (Fordyce & Roueche, 1986; Malec et al., 

2007), others finding a negative association (Morton & Barker, 2010), and yet others 

finding no significant association between these factors (Evans et al., 2005; 

Ownsworth & Fleming, 2005). This variability may be due to factors such as 

differing access to psychological interventions (e.g., targeted at managing depression 

or metacognitive support), or differences in the measurement of metacognitive 

knowledge (i.e., absolute versus relative).  

Prigatano (1997) also cautions against assuming that increased deficit 

awareness would lead to depression, as individuals with poor metacognitive 

knowledge may be depressed as a result of psychosocial or vocational impairment 

and are unable to attribute their cognitive deficits to these impairments. Therefore, 

Prigatano argues that increased awareness will lead to better outcomes for such 

individuals. In summary, this study does not fully support the clinical lore, and 

instead lends partial support to Prigatano’s argument. The findings suggest that while 

positively-biased metacognitive knowledge may offer protection against depressive 



Chapter 2: Metacognitive Knowledge and Functional Outcomes in Adults with Acquired Brain Injury 77 

symptoms, efforts to improve metacognitive knowledge may not increase depressive 

symptoms and should continue to be a focus of rehabilitation after an ABI. 

Overall everyday functioning. This subdomain comprised both ‘family and 

community integration’ and work-related outcomes. Considering Pearson correlation 

coefficients alone, those who underestimated their performance had better overall 

everyday functioning than those who had good metacognitive knowledge, who in 

turn had better overall everyday functioning than those who overestimated their 

performance. A similar pattern of results (i.e., negative effect) was found for specific 

work-related outcomes. 

Ownsworth and Fleming (2005) found that greater deficit awareness was 

associated with better communication and community-related outcomes. However, 

the current findings are somewhat inconsistent with this, suggesting poorer 

awareness characterized by underestimation of abilities (i.e., negatively-biased 

metacognitive knowledge) may exert a protective factor when considering everyday 

functioning outcomes. This may be because under-estimators seek help more often, 

translating to potentially better everyday functioning. Inconsistencies with 

Ownsworth and Fleming (2005) could be due to measurement issues, in that they 

relied on absolute, not relative measures of metacognitive knowledge.  

Individuals who had positively-biased metacognitive knowledge were found 

to have poorer work-related outcomes, a finding consistent with much previous 

research (e.g., Ezrachi et al., 1991; Walker et al., 1987). Kelley et al. (2014) argue 

that an awareness of deficits is crucial for learning adaptive strategies to sustain 

employment. However, the present results suggest that better work-related outcomes 

are associated with underestimation of abilities (i.e., negatively-biased metacognitive 

knowledge). While it may be that underestimation is a normal phenomenon (Beyer & 
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Bowden, 1997), we speculate that an individual who believes they will do poorly on 

a task at work may engage in better preparation and practice to execute tasks at work, 

which in turn, results in better performance.  

2.5.1 Limitations and Future Research 

This study has multiple strengths in comprehensively and systematically 

evaluating the literature evaluating the relationship between metacognitive 

knowledge and functional outcomes following brain injury. However, as with any 

meta-analysis, there are limitations in this study related to the broader literature it 

summarizes. These limitations pertain to (a) the assessment of metacognitive 

knowledge, (b) the assessment of functional outcomes, and (c) the general state of 

the literature. 

Assessment of metacognitive knowledge. Observations about deficits in 

metacognitive knowledge following brain injury have been around since 1878 

(Prigatano & Klonoff, 1998). Since then, while a reasonable number of studies (k = 

22) evaluated the relationship of interest, the dichotomous approaches assessing 

metacognitive knowledge following an ABI resulted in separate analyses of both 

absolute and relative methodologies. While both types of measurement have their 

advantages, absolute studies have limited usefulness, as they cannot determine the 

direction of the discrepancy (i.e., positive- or negative-bias). In this meta-analysis, 

only four studies used both relative and absolute methodologies. Future studies 

should consider both methods to improve measurement of metacognitive knowledge, 

given its nonlinear nature across different functional outcomes. Nonetheless, this 

methodological subdivision imposed limitations to conduct moderator analyses due 

to insufficient studies. Compounding this issue was the considerable variability of 

tools used to evaluate metacognitive knowledge within the relative and absolute 
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methodologies. In this study, there were eight different relative measures and three 

different absolute measures; the difference in assessment likely contributed to the 

heterogeneity found across studies.  

Metacognitive knowledge is a dynamic construct that may undergo recovery 

but deficits may persist over time. Dirette and Plaisier (2007) report improvements in 

metacognitive knowledge across the first year following a TBI, but only in those 

with a mild TBI. Kelley et al. (2014) report continued deficits in metacognition up to 

five years following moderate to severe TBI. Despite including time since injury as a 

moderator variable, the lack of longitudinal studies prevented prospective analysis of 

how metacognitive knowledge may change. Future studies should focus on how 

metacognitive knowledge recovers over time and its response to rehabilitation 

efforts. 

In the present literature, there has been an assumption that a clinician or 

informant is more accurate than the participant. Trosset and Kaszniak (1996) 

recognized that the interpretation of the discrepancy between self-ratings and 

informant ratings cannot reliably distinguish the accuracy of each type of report. 

Nonetheless, the method that Trosset and Kaszniak propose (i.e., to use ratios rather 

than differences) has not been widespread in the literature, possibly due to the added 

inconvenience of additional informant ratings.  

Another significant limitation of the current literature has been an inadequate 

consideration of theoretical accounts of metacognition. Toglia and Kirk (2000) 

conceptualized the Dynamic Comprehensive Model of Awareness (DCMA), 

comprising three dimensions: (a) metacognitive knowledge, (b) anticipatory 

awareness, or task-specific appraisal, and (c) emergent awareness, or the ability to 

modify one’s awareness with experience. Nearly all studies to date have focused on 
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metacognitive knowledge, whilst neglecting anticipatory and emergent awareness 

(Al Banna et al., 2015). We found few studies (n = 4) assessing the multidimensional 

construct of metacognition in relation to functional outcomes. The DCMA suggests 

that the measurement of metacognitive knowledge alone is insufficient to fully 

capture the full construct of metacognition, and the additional measurement of online 

awareness, including anticipatory and emergent awareness, should be conducted as 

well.  

Assessment of functional outcomes. Similar to the varied measurement of 

metacognitive knowledge, this meta-analysis included a vast array of different 

functional outcome measures that were grouped into similar subdomains, further 

increasing the likelihood of increasing heterogeneity. Specifically, there were 32 and 

10 different functional outcome measures in the relative and absolute studies, 

respectively. Additionally, assessment of several functional outcomes was obtained 

by self-reports, due to the nature of the construct (e.g., affect, quality of life). 

However, self-ratings are subjective and open to different interpretations. Despite 

being touted as the ‘gold standard’ measure of functional outcome after an ABI, the 

MPAI-4 was not utilized by studies investigating the relationship between 

metacognitive knowledge and functional outcomes. We recommend future studies 

use the MPAI-4, completed by the affected individual, a knowledgeable informant, 

and a clinician, to measure functional outcomes comprehensively. In addition, 

longitudinal studies are required (Olver et al., 1996).  

General state of the literature. The meta-analysis of overall everyday 

functioning outcomes assessed by the absolute method may have been affected by 

publication bias (i.e., an asymmetrical funnel plot was evident). However, further 

publication bias analyses were precluded due to the small number of studies. An 
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alternative explanation is that there may be true differences according to differing 

methodology (e.g., metacognitive knowledge or outcome measures), or different 

environmental contexts that were not specifically identified (Sterne et al., 2011).  

This study identified a large proportion of unexplained variance, as well as 

small effect sizes, giving support to the investigation of other aspects of 

metacognition such as anticipatory awareness and emergent awareness. The results 

also suggest that other possible moderating factors (e.g., premorbid factors [e.g., 

former employment status and psychosocial history], cognitive abilities; Novack et 

al., 2001) account for additional variance in this relationship, and should be explored 

in future studies. Additional variables that may be contributing to functional 

outcomes beyond metacognitive knowledge must be explored. For example, a recent 

meta-analytic review by Allanson et al. (2017) found several neuropsychological 

dimensions (i.e., immediate and delayed verbal memory, set-shifting and 

generativity) that correlated with functional outcomes following a TBI.  

The evaluation of other potential moderators of the metacognitive 

knowledge-quality of life outcomes relationship has been very limited, although the 

extant literature does not appear to support the importance of other demographic and 

injury-related variables (Fleming et al., 1998; Hart, Seignourel, & Sherer, 2009). Of 

note, however, given the current study findings, further research of potential 

moderators of the metacognitive knowledge-quality of life relationship is needed. For 

example, besides neurocognitive factors such as metacognitive knowledge and online 

awareness, psychological factors (e.g., denial) and socio-environmental factors (e.g., 

cultural values, context of the assessment) relating to metacognition may affect 

functional outcomes following an ABI (Ownsworth et al., 2006). 
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2.5.2 Conclusions 

Despite inconsistent methodologies in the literature, this study suggested that 

good metacognitive knowledge in adults with a brain injury have better overall 

functional outcomes than those who underestimated and overestimated their abilities. 

Overestimation of abilities (i.e., positively-biased metacognitive knowledge) seemed 

to have a protective factor, in that overall quality of life and affect-related outcomes 

were better, but only in individuals who had a non-TBI (e.g., stroke). Conversely, 

underestimation of abilities (i.e., negatively-biased metacognitive knowledge) 

seemed to have a protective factor for work outcomes. Furthermore, this meta-

analysis suggests that it is important to appreciate how metacognitive knowledge is 

measured, and to ascertain both the magnitude and direction of discrepancy in order 

to understand how the different domains of functional outcome are affected.  

While the results were heterogeneous and effect sizes were relatively modest, 

besides other possible contributing factors such as premorbid levels of cognition and 

functioning, this may have been due to inadequate measurement of metacognition 

(i.e., only measuring metacognitive knowledge). It is recommended that future 

studies also focus on measuring other aspects of metacognition, including online 

awareness (i.e., anticipatory and emergent awareness). Nonetheless, this study 

provides some evidence for clinicians to consider the different effects of moderators 

on the relationship between metacognitive knowledge and how it affects differing 

functional outcomes. More importantly, the results point to the need for clinicians to 

focus on delivering metacognitive or insight building therapies during rehabilitation, 

while understanding its counter opposing impact on either quality of life or everyday 

functioning outcomes.   
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As previously mentioned, we originally planned to conduct a confirmatory 

factor analysis of Toglia and Kirk’s (2000) model of metacognition in participants 

with an acquired brain injury (ABI) for the second study of this thesis (Chapter 4). 

This confirmatory factor analysis was to validate the model in a sample of 

participants with ABI, which to our knowledge had not been conducted before. This 

program of research began as part of the larger Acquired Brain Injury: Recovery, 

Engagement, and Community Outcomes Via Evidence-Based Rehabilitation 

(ABI:RECOVER) project.  Briefly, the ABI:RECOVER project was founded in 2015 

by Associate Professor Carmela Pestell and Associate Professor Michael Weinborn. 

The project aims to understand how cognitive skills influence functional outcomes 

following an acquired brain injury, and to guide the development of interventions 

targeting promising predictors of outcomes. This parent project was expected to 

provide the required data to complete the subsequent two studies in this thesis. As 

will be described below, this was not possible. 

 Circumstances beyond the candidate’s control prevented the recruitment of an 

adequate sample size of ABI participants to complete the analysis for this study. 

Specifically, there were delays in acquiring ethics committee approval due to the 

transition to a new online research platform of the public health system. The 

recruitment and sign-up rates were also lower than expected. Further, the response 

rate from informants and clinicians was very low (up to 58% missing data) despite 

attempts to make questionnaire submission easier by using online platforms (in 

addition to providing physical copies if requested). The overall low numbers affected 

the assessment of metacognitive knowledge, which requires both self- and other-

ratings. Therefore, following consultation with my supervisory team, the 

confirmatory factor analysis was completed in a sample of community-dwelling 
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older adults, using data from the Healthy Ageing Research Program (HARP). The 

HARP program, helmed by Professor Romola Bucks and Associate Professor 

Michael Weinborn, is similar in nature to the ABI:RECOVER project, in that it is a 

longitudinal research project aiming to investigate how cognition changes with age, 

in order to improve healthy ageing, independence and quality of life. HARP recruits 

healthy older adults aged 50 years or over. Data from the HARP database were 

selected because there were overlaps in the variables used to measure metacognition 

in the ABI:RECOVER project. Additional rationale about the sample selection is 

detailed in Chapter 4. 

The limitations in achieving an adequate sample size also affected the 

regression analysis in Chapter 5, which aimed to investigate the relationship between 

the aspects of metacognition and functional outcomes in ABI revealed by the 

confirmatory factor analysis. Additionally, further data collection for Chapter 5 

stopped in March 2020 due to the COVID-19 pandemic. As such, we were unable to 

collect sufficient data to use the full set of metacognitive indicators (e.g., assessing 

metacognitive differences across multiple cognitive domains) as described in Chapter 

4. Nonetheless, an initial analysis was presented with a limited sample size. In order 

to maximize power, we decided to use the highest loading metacognitive indicators 

as suggested by the confirmatory factor analysis in Chapter 4. In order to lower the 

rate of type I errors, we decided to reduce the number of analyses by using total 

scores for functional outcomes (as opposed to additional analyses by subscales of the 

outcome questionnaires). Suggestions and future improvements are outlined in 

Chapter 5.  
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4.1 Abstract 

Metacognition, or the recognition and regulation of one’s cognitive processes, is 

related to functional outcomes, especially in disorders such as brain injury and 

dementia. Toglia and Kirk (2000) proposed a three-factor model of metacognition 

(comprising metacognitive knowledge, anticipatory awareness, and emergent 

awareness); which has received limited empirical research. A novel regression-based 

method as utilized by Ng et al. (2018) was used to determine normative discrepancy 

between self-ratings and informant-ratings for metacognitive knowledge, as well as 

prediction versus performance on a verbal list learning memory test for anticipatory 

and emergent awareness. A confirmatory factor analysis was conducted to determine 

the model with the best fit. These models included Toglia and Kirk’s three-factor 

model, positing inter-relationships between the three aspects of metacognition; 

versus more parsimonious one- and two-factor solutions, and a competing theoretical 

model of awareness (Crosson et al., 1989). Toglia and Kirk’s (2000) three-factor 

model of metacognition fit the data best, suggesting that the three aspects of 

metacognition are unique but inter-related constructs. This study supports the use of 

this regression-based method to assess the domains of metacognition, and the use of 

the three-factor model in future metacognitive studies. 
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4.2 Introduction 

Metacognition is important for individuals to recognize and regulate cognitive 

processes, as well as understand the link between how their cognitive strengths and 

weaknesses impact daily functioning (Toglia & Kirk, 2000). However, there is still a 

need to improve the understanding of metacognition as a construct, particularly given 

its relevance to functional outcomes (Al Banna et al., 2015; Ownsworth & Clare, 

2006). In particular, metacognition is associated with a range of cognitive processes, 

including intellectual and problem-solving abilities (Choy & Cheah, 2009; Veenman 

et al., 2005), and motivation (Sungur & Senler, 2009). Furthermore, deficits in 

metacognition are common in disorders such as acquired brain injury (ABI; Sherer et 

al., 1998), dementia (Clare et al., 2005), and schizophrenia (Frith, 2015). The adverse 

impact of metacognitive deficits in these client groups is widespread, negatively 

affecting their receptiveness to treatment, use of compensatory strategies, and ability 

to exercise sound judgement and reasoning, thus risking safety and limiting recovery 

(Trudel et al., 1998).  

4.3 Metacognition 

Metacognition has been defined in various ways but, in broad terms, it 

encompasses self-awareness and the regulation of cognition during tasks. Terms such 

as self-awareness, insight, self-regulation, and subjective cognitive complaints have 

been used to describe metacognition (Toglia & Kirk, 2000). Other terms have 

revolved around the awareness of specific cognitive functions (e.g., meta-

retrospective memory, meta-prospective memory). Nonetheless, these terms are 

essentially comparable, with the difference depending on the research field (e.g., 

cognitive psychology, social psychology; Toglia & Kirk, 2000). Conversely, terms 

such as anosognosia, lack of insight or imperception of disease have been used to 
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describe deficits in metacognition (McGlynn & Schacter, 1989; Prigatano & Sherer, 

2020).  

Toglia and Kirk (2000) proposed an integrative, tripartite model of 

metacognition (elsewhere referred to as the comprehensive dynamic interactional 

model, e.g., FitzGerald et al., 2012), which consists of a dynamic relationship 

between (a) metacognitive knowledge (MK), (b) anticipatory awareness (AA), and 

(c) emergent awareness (EA). Toglia and Kirk propose that these three parts are 

interrelated. However, a competing model, the Pyramidal Model of Awareness 

(Crosson et al., 1989) posits that the three parts are hierarchical and dependent on 

lower tiers (i.e., MK at the base, EA at the mid-tier, and AA at the apex). 

Specifically, in order to develop AA, one has to have a sufficient level of EA, which 

in turn is dependent on a sufficient level of MK. The difference between the 

relationships of the three aspects of metacognition has clinically relevant 

implications, in that Toglia and Kirk’s model does not imply that the acquisition of 

each subdomain should be rehabilitated in a particular sequence, but the Pyramidal 

Model of Awareness does. 

In Toglia and Kirk’s (2000) model, MK is defined as the overall knowledge 

and subjective assessment of one’s cognitive abilities. This pre-existing fund of 

information is present prior to the execution of tasks and includes judgement and 

beliefs about one’s capabilities and limitations. Common approaches to measuring 

MK include discrepancy-based methods and semi-structured interviews (Al Banna et 

al., 2015). The former refers to the comparison of self- and other-ratings to quantify 

the degree of concordance, as a measure of the level of awareness; the latter refers to 

a rating by an interviewer of the individual’s awareness of their functional abilities. 

However, the measurement of MK is problematic, given that it is fully reliant on 
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subjective self-appraisal, and that informant or clinician ratings introduce additional 

subjectivity (Trosset & Kaszniak, 1996).  

AA refers to a judgement or appraisal of the requirements and demands 

before any attempt at executing a task. It includes the anticipation of one’s 

performance and prediction of errors. AA is influenced by MK (i.e., general beliefs 

about one’s abilities in the task domain), as well as the nature and complexity of each 

individual task (Toglia & Kirk, 2000). Researchers have primarily used discrepancies 

between task prediction and task performance to measure the degree of AA (Bivona 

et al., 2020; Fischer et al., 2004; Gauggel et al., 2002).  

EA is the ability to self-monitor and regulate cognition during task 

performance. It includes the identification of errors and adapting performance to 

prevent future mistakes and to efficiently accomplish the task by changing strategies 

if required (Toglia & Kirk, 2000). Many previous studies have utilized the sustained 

attention to response task, which requires the participant to verbally identify errors of 

commission or omission while performing a continuous performance (i.e., go/no-go) 

task (FitzGerald et al., 2019; O’Keeffe et al., 2007). 

More recently, Ng et al. (2018) devised a novel approach to assessing AA and 

EA. Their regression-based method allows for the measurement of an individual’s 

metacognitive accuracy in relation to the sample (i.e., departure from the normed 

discrepancy between prediction and performance with respect to other participants), 

and is able to partial out error variance, which may relate to measurement error. For 

AA, participants were asked to predict the number of words they would recall in a 

word list learning task, and prediction was regressed onto performance. The 

unstandardized residuals of the first trial reflected each participant’s AA. For EA, the 

same regressions of prediction onto performance were conducted for subsequent list 
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learning trials, which were categorized into early EA, middle EA and late EA. This 

method captures how an individual adapts their subsequent task prediction based on 

their previous task performance.  

4.4 Current Study 

Several studies have used Toglia and Kirk’s (2000) model in the investigation 

of metacognition. The studies by Ng et al. (2018), O’Keeffe et al. (2007) as well as 

Robertson and Schmitter-Edgecombe (2015) provide support for the dynamic 

interaction between AA and EA on task performance. In particular, Robertson and 

Schmitter-Edgecombe (2015) found a significant relationship between measures of 

AA and EA, r(89) = .47, p < .01; O’Keeffe et al. (2007) found a similar result, r(29) 

= .72, p < .001. However, the relationship between MK and online awareness (i.e., 

AA and EA) remains unclear.  

Findings have been inconsistent regarding the relationship between MK and 

AA or EA. O’Keeffe et al. (2007) reported no relationship between MK and AA, 

r(29) = .01, p > .05, or between MK and EA, r(29) = .19, p > .05, while Dockree et 

al. (2015) found a relationship between MK and EA, r = .58, p < .001. While these 

studies used error monitoring paradigms to assess EA in samples of participants with 

ABI, the current study will utilize the same regression-based method employed by 

Ng et al. (2018) on a list learning task comparing prediction and performance. The 

ability to monitor and adjust prediction based on previous performance fits closely 

with Toglia and Kirk’s definition that EA is a regulatory mechanism that uses 

previous performance to affect future performance. Furthermore, using this 

regression-based method allows for the alignment of the measurement approaches of 

MK, AA and EA. In order to elucidate the relationship between the three aspects of 

metacognition while accounting for error variance, structural equation modelling was 
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used as an alternative method to consolidate separate variables into latent variables 

(i.e., MK, AA and EA), in order to identify the relationship between these aspects of 

metacognition. 

To our knowledge, there have not been any prior studies investigating the 

latent factor structure of metacognition. The aim of this study, therefore, was to 

conduct a confirmatory factor analysis (CFA) of metacognition according to Toglia 

and Kirk’s (2000) model, in order to compare three different models (i.e., [a] overall 

metacognition [a single factor model]; [b] MK and online awareness [a two-factor 

model]; and [c] MK, AA and EA [a three-factor model]). The main advantage of 

conducting a CFA is that a quantitative comparison of competing models can be 

made. A secondary advantage is that confirmatory factor analysis can be used to 

reduce the number of observed variables to fewer latent variables and understand the 

nature of the relationship between these latent constructs (Comrey & Lee, 1992). 

Identifying the minimum number of latent variables may help to streamline the 

measurement of metacognition and validate Toglia and Kirk’s (2000) model of 

metacognition. Lastly, the effect of confounding variables can be determined by 

using measurement invariance analyses. The effect of demographic variables such as 

age, education and gender on metacognition will be explored. 

The study recruited community-dwelling older adults. This population group 

was chosen due to greater variability in metacognition as compared to younger adults 

(i.e., ages 18-49 years), by virtue of the fact that older adults show age-related 

changes in cognition (e.g., working memory and episodic memory [Luo & Craik, 

2008]; error monitoring [Young & Bunce, 2011], executive functions [Zelazo et al., 

2004]), declines in activities of daily living (Freedman et al., 2004), and community 

participation (Lawton, 1994).  
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While the impact of metacognition on cognition and function in older adults 

has been investigated (Carretti et al., 2011; Sella et al., 2019), deficits in 

metacognition in older adults have also been identified (meta-memory in particular; 

Souchay et al., 2007). In their study involving adults aged 55 years and over, Clare et 

al., (2010) revealed that these individuals demonstrated a considerable variance 

ranging between under-estimations (i.e., negative-bias), over-estimations (i.e., 

positive-bias) and accurate ratings of memory ability relative to informant ratings 

(i.e., MK). Graham et al. (2005) found that healthy older adults show a balanced 

spread of under-confidence (i.e., negative-bias), over-confidence (i.e., positive-bias) 

and concordant ratings versus performance on a verbal memory task (i.e., AA and 

EA). In summary, we expect the variability in metacognition demonstrated in healthy 

older adults to be a fair representation of the different ranges of metacognitive 

abilities found in other clinical populations. 

Although Toglia and Kirk’s (2000) model was originally intended for use in 

brain injured populations, similar concepts have been used to describe metacognition 

in healthy samples (e.g., Lahav et al., 2014; Schoo et al., 2013). In particular, Harty 

et al. (2013) documented significant declines in metacognition in older adults relative 

to younger controls. Improving our understanding of metacognition in healthy 

populations may aid in the understanding of this construct in the aforementioned 

disorders of metacognition (e.g., ABI, dementia, schizophrenia). In order to apply 

Toglia and Kirk's model in clinical practice, as a way of better understanding 

metacognition in adults with ABI, the model requires stronger support than at 

presently available. This confirmatory factor analysis helps to establish the validity 

of the model since it directly empirically tests the underlying factor structure of the 

model. 
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According to Toglia and Kirk’s (2000) model, we hypothesize that there will 

be three related, but distinct domains of metacognition, namely, MK, AA and EA. 

Following from this, we hypothesize that a one- or two-factor model would have a 

poorer fit. However, if Crosson et al.’s (1989) Pyramidal Model of Awareness were 

more parsimonious, a hierarchical relationship between the three domains of 

metacognition will provide better model fit. In detail, we would expect MK to be a 

predictor of EA, which in turn would be a predictor of AA. 

4.5 Method 

4.5.1 Participants 

Community-dwelling adults aged 50 years and above were recruited from the 

Healthy Ageing Research Program at the University of Western Australia 

(participants were recruited from community advertisements and from a larger 

recruitment pool), from which a subset of participants completed the relevant 

measures. Participants who self-reported severe neurological conditions (e.g., stroke, 

brain tumor; n = 5), previous heavy alcohol use over time (n = 2), or previous loss of 

consciousness of more than 30 minutes (n = 3) were excluded. A further 135 

participants were excluded due to substantive missing data (e.g., missing all 

questionnaire data), such that all data points had at least one measure of each 

subdomain of metacognition. A total of 176 participants (61.4% female) were 

included, with a mean age of 70.97 years (SD = 7.74; range: 55 to 90), and 13.96 

mean years of education (SD = 3.24). The mean age for the 68 men was 72.75 years 

(SD = 7.34; range: 55 to 90); the mean age for the 108 women was 69.84 years (SD = 

7.81; range: 55 to 90). Only 6.8% of the sample were employed, the remainder were 

retired by choice or unemployed. One hundred and sixty (90.9%) participants 

identified as Caucasian. Informants were asked to complete the same questionnaires 
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as the participants. The informants consisted of spouses (74.4%), family members 

(16.7%) or friends (8.9%) of the participants. The University of Western Australia 

Human Research Ethics Committee approved the study and informed consent was 

obtained from all participants. 

4.5.2 Materials and Procedure 

Measures of MK. As metacognition is typically assessed by measuring the 

discrepancy between self- versus informant-ratings, for the purposes of this study, 

the derivation of MK indices (which is further described in section 4.5.3) was based 

on the discrepant ratings of self- versus informant-ratings on three questionnaires. 

Participants and their informants each completed the Activities of Daily Living 

Questionnaire, Prospective Retrospective Memory Questionnaire, and Frontal 

Systems Behavior Scale. These questionnaires were used to capture a variety of 

cognitive and functional domains and were chosen because of the documented 

changes in such domains (Harty et al., 2013).  

Daily functioning was assessed by a modified 28-item version of the 

Activities of Daily Living Questionnaire (ADLQ; Johnson et al., 2004; test-retest 

reliability for informant-rated total score = .96, p < .001). The items in this 

questionnaire are grouped into six subscales: Self-Care Activities (e.g., “Eating”), 

Household Care (e.g., “Cooking”), Employment and Recreation, Shopping and 

Money (e.g., “Managing Finances”), Travel (e.g., “Driving”), and Communication 

(e.g., “Talking”). This questionnaire assesses a range of activities of daily living, in 

this case using an expanded five-level rating scale (total scores range from 0 to 140) 

to indicate the severity of dependence, with higher values indicative of greater 

difficulty. The total ADLQ score was utilized. 
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Subjective memory complaints were assessed by the 16-item Prospective 

Retrospective Memory Questionnaire (PRMQ; Crawford et al., 2006; Cronbach’s 

alpha for self-rated total score = 0.89; Cronbach’s alpha for informant-rated total 

score = 0.92). The items assess both prospective (i.e., remembering to perform an 

action in the future or when presented with a cue) and retrospective (i.e., recalling 

past events or items) memory. This questionnaire uses a five-point Likert-scale (total 

scores range from 16 to 80) tapping both event- and time-based phenomena within 

short- and long-term intervals. Higher scores are indicative of greater perception of 

memory dysfunction. The total PRMQ score was utilized. 

Frontal systems dysfunction was measured using a modified 46-item version 

of the Frontal Systems Behavior Scale (FrSBe; Grace et al., 1999; Cronbach’s alpha 

for self-rated total score = 0.88; Cronbach’s alpha for informant-rated total score = 

0.92). The questionnaire comprises three subdomains, namely, apathy, disinhibition, 

and executive dysfunction. While this scale was originally meant for brain injured 

samples, this questionnaire has been used in healthy older adults (Deutsch et al., 

2013). Ratings of the frequency of participant’s behaviors were obtained on a 1 to 5 

Likert-type scale (total scores range from 46 to 230) both for “10 years ago” and 

their current behaviors “at the present time”. However, only present overall scores 

were utilized. Higher raw scores are indicative of greater frontal systems 

dysfunction. 

Measure of AA and EA. A modified word list recall subtest of the 

Repeatable Battery for the Assessment of Neuropsychological Status - Form A 

(RBANS; Randolph et al., 1998) was used. Participants were asked to estimate the 

number of words they anticipated to recall out of a list of 10 words and were read the 

list. Their predicted amount was converted into a percentage out of 10 (e.g., a 
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prediction of 5 words corresponded to 50%). Participants were then asked to recall as 

many words as they could from the word list, in any order (Trial 1). Their recalled 

amount was likewise converted into a percentage out of 10. Trials 2, 3 and 4 (i.e., 

early, middle and late EA) were subsequent repeats of Trial 1 (i.e., AA). 

The Memory for Intentions Screening Test (MIST; Raskin et al., 2010), was 

used to provide another measure of AA, with respect to prospective memory (i.e., 

memory to perform a task at a set time in the future [time-based], or when presented 

with a cue [event-based]). The MIST includes four time-based tasks and four event-

based tasks. Time-based task prompts were administered over a short (two minutes) 

or long delay (15 minutes), while event-based prompts were subtly presented to the 

participant (i.e., pointing an object laid out on the table). Responses were either 

action-based (e.g., “In 15 minutes, write down the number of medications you are 

currently taking”) or verbal (e.g., “In two minutes, ask me what time this session 

ends”). AA was measured by asking participants to predict the number of prospective 

memory tasks they would be able to achieve prior to the start of the task, and this 

number was converted into a percentage out of the eight items. The number of 

correct items were also converted into a percentage (i.e., proportion of accurately 

achieved tasks).  

4.5.3 Analytic Approach 

Multiple imputation using IBM SPSS (Version 22.0, IBM) was conducted to 

replace missing questionnaire data.  

Ng et al.’s (2018) regression-based method was adapted to calculate each 

participant’s (a) MK indices, (b) AA indices, and (c) EA indices. This method allows 

for the control of covariates (i.e., age, education) and to model the normative 

relationship between self-ratings / self-predictions and informant ratings / 
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performance, in relation to the sample. IBM SPSS was also used to conduct the 

regressions. 

MK indices. Regression equations were formulated for each of the three 

questionnaires. Raw total self-rating scores were regressed onto raw total informant 

rating scores, including age and education as covariates. The unstandardized 

residuals, calculated as observed total self-rating minus predicted total self-rating, 

represent the deviation of each participant’s self-rating from the average level of MK 

in the sample (i.e., normative discrepancy). In order to aid interpretation (and to be 

consistent with AA and EA indices), the values of all questionnaires were reversed in 

polarity such that higher values were indicative of better outcomes. As such, a 

residual of zero indicates normatively accurate MK, while negative residuals 

represent underestimations (i.e., negative-bias), and positive residuals represent 

overestimations (i.e., positive-bias). Unstandardized residuals were derived from 

each questionnaire, together forming the latent variable, MK.  

AA and EA indices. A regression equation was formulated for Trial 1 of the 

RBANS word list recall subtest for AA. Self-prediction percentage correct scores 

were regressed onto observed performance percentage correct scores, including age 

and education as covariates. The unstandardized residuals, calculated as observed 

predictions minus predicted predictions, represent the deviation of each participant’s 

predictions from the average level of AA in the sample. A residual of zero indicates 

normatively accurate AA, while negative residuals represent underestimation (i.e., 

negative-bias), and positive residuals represent overestimation (i.e., positive-bias). 

These residuals represent the individual’s perception of their ability before they 

attempt a task.  
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Similar to the RBANS word list recall task, the proportion of predicted tasks 

on the MIST (as a percentage of the eight tasks) was regressed onto the proportion of 

accurately achieved tasks. The unstandardized residuals of this meta-prospective 

memory task represented the deviation of each participant’s predictions from the 

average level of AA in the sample. The AA latent variable was generated using the 

RBANS word list trial 1 and meta-prospective memory residuals as indicators. 

Similar to the above, three regression equations were formulated for Trials 2, 

3 and 4 of the RBANS word list recall subtest to index EA. The unstandardized 

residuals represented early, middle and late EA respectively. These residuals 

represent the individual’s ability to monitor and regulate the accuracy of future 

predictions based on their previous performance (e.g., if there was an overestimation 

of predicted words relative to actual Trial 1 performance, an individual with intact 

EA would likely predict a lower number in the pre-Trial 2 prediction). The three 

unstandardized residuals, derived from Trials 2-4, were used as indicators for the 

latent variable, EA. 

Confirmatory factor analysis (CFA). The hypothesized models were 

empirically tested using a structural equation modelling (SEM) approach. Mplus 

version 8.1 software package (Muthén & Muthén, 2017) was used, with 5000 

bootstrapped samples to provide 95% confidence intervals for the standard errors. 

Matrices of covariances among the metacognition indices were analyzed by use of 

maximum likelihood estimation.  

Three models were specified, starting with the most saturated model (i.e., 

single-factor solution [i.e., overall metacognition]), proceeding to the less 

parsimonious models with increasing numbers of parameter estimates (i.e., two-

factor solution [i.e., MK and online awareness] followed by the three-factor solution 
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[i.e., MK, AA, and EA]). A fourth model, the Pyramidal Model of Awareness was 

specified. The model postulates that each of the three factors are built upon each 

other, with MK predicting EA, and EA predicting AA.  

Lastly, after identifying suitable models with good fit, analyses of 

measurement invariance across the three covariates, age, education and gender were 

conducted. Median splits were conducted to form two comparison groups across the 

continuous variables, age and education. First, a comparison of each covariates’ 

configural, metric and scalar invariance models was conducted to identify the type of 

measurement non-invariance, if any. Next, modification indices were requested 

while regressing each latent variable on the covariate and also fixing the coefficients 

of each observed variable on the covariate at zero (Muthén, 1989). Specific 

relationships between each observed variable and the covariate(s) that were flagged 

by significant modification indices would suggest measurement non-invariance. 

Further, testing of each flagged modification index was conducted by determining if 

there was a significant difference in model fit comparing the following two models: 

(a) default three-factor model with an additional regression of the covariate on the 

three metacognition latent variables, and regression of the flagged observed variable 

on the covariate (‘baseline model’); versus (b), identical to (a), but fixing the 

regression coefficient of the flagged observed variable on the covariate to be at zero 

(‘alternate model’). 

4.6 Results 

Despite efforts to transform the observed variables due to outliers, two 

variables remained non-normal (i.e., ADLQ and List Learning Trial 1 regression 

residuals; Kolmogorov-Smirnov test p < .001). Maximum likelihood with 

bootstrapping was chosen over robust maximum likelihood so as to manage the non-
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normal data and limited sample size (Hart & Clark, 1999). Data were missing 

completely at random (Little’s MCAR test: χ² [52, n = 176] = 56.70, p = .304; Mean 

percentage of missing data per variable = 2.95%). Table 4.1 shows the descriptive 

statistics of the variables used to determine the final MK, AA and EA variables. 

 

Table 4.1 

Descriptive Statistics of Raw Total and Final Unstandardized Residual 

Metacognition Variables 

Variable n Mean (SD) Range 

Metacognitive Variables    

Metacognitive Knowledge (ADLQ)    

Self-rated 176 5.85 (5.77) 0 to 26 

Informant-rated 174 4.09 (4.97) 0 to 24 

Final Unstandardized Residual 174 -0.32 (4.95) -12 to 19 

Metacognitive Knowledge (PRMQ)    

Self-rateda 171 35.39 (7.61) 18 to 56 

Informant-ratedb 171 31.16 (8.33) 16 to 55 

Final Unstandardized Residual 166 -0.16 (7.12) -17 to 17 

Metacognitive Knowledge (FrSBe)    

Self-ratedc 176 83.88 (18.15) 48 to 129 

Informant-ratedd 167 74.66 (17.75) 48 to 135 

Final Unstandardized Residual 167 -0.64 (17.48) -45 to 42 

Anticipatory Awareness (List 

Learning Trial 1) 

   

Predicted 176 5.41 (1.30) 0 to 8 
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Performance 176 4.84 (1.33) 2 to 8 

Final Unstandardized Residual 176 -0.01 (1.25) -5 to 3 

Anticipatory Awareness (Meta-MIST)    

Predicted 165 0.53 (0.17) 0.1 to 0.9 

Performance 162 0.63 (0.18) 0.1 to 1.0 

Final Unstandardized Residual 159 0.00 (1.61) -4 to 4 

Early Emergent Awareness (List 

Learning Trial 2) 

   

Predicted 176 5.78 (1.15) 3 to 8 

Performance 176 6.77 (1.52) 2 to 10 

Final Unstandardized Residual 176 0.01 (0.94) -2 to 2 

Middle Emergent Awareness (List 

Learning Trial 3) 

   

Predicted 174 6.55 (1.55) 3 to 10 

Performance 176 7.6 (1.52) 3 to 10 

Final Unstandardized Residual 174 0.10 (1.26) -4 to 4 

Late Emergent Awareness (List 

Learning Trial 4) 

   

Predicted 175 7.08 (1.62) 3 to 10 

Performance 176 8.11 (1.56) 2 to 10 

Final Unstandardized Residual 175 0.12 (1.25) -4 to 3 

Note. ADLQ = Activities of Daily Living Questionnaire; PRMQ = Prospective Retrospective Memory 

Questionnaire; FrSBe = Frontal Systems Behavior Scale; MIST = Memory for Intentions Screening 

Test. 
a Mean self-rated demographically-corrected total PRMQ score = 69th percentile  
b Mean informant-rated demographically-corrected total PRMQ score = 65th percentile 
c Mean self-rated demographically-corrected total FrSBe score = 65th percentile 
d Mean informant-rated demographically-corrected total FrSBe score = 63rd percentile 
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Table 4.2 shows the goodness-of-fit statistics of the different models. Toglia 

and Kirk’s (2000) three-factor model of metacognition displayed the best fit to the 

data (met the criteria for CFI, TLI, RMSEA and SRMR; see note in Table 4.1; Hu & 

Bentler, 1999). In addition, the three-factor model resulted in the smallest AIC and 

BIC values, suggestive of the best trade-off between model complexity and fit. 

Nonetheless, the two-factor model and Pyramidal Model of Awareness showed 

somewhat adequate fit based on CFI and SRMR values, and that the RMSEA 95% 

confidence intervals crossed .06 (see note in Table 4.1; Hu & Bentler, 1999). Only 

the single-factor model was a poor fit (see Figure 4.A1 in Appendix 4.A for the path 

diagram of the one-factor model).  

 

Table 4.2 

Goodness-of-Fit Indices of the Structural Models 

 χ² df p CFI TLI 
RMSEA 

[95% CI] 
SRMR AIC BIC 

Single factor 137.44 20 <.001 .65 .52 .183 [.154 - .212] .14 6221 6297 

Two-factor 36.03 19 .011 .95 .93 .071 [.034 - .107] .08 6122 6201 

Three-factor 23.67 17 .129 .98 .97 .047 [.000 - .089] .05 6114 6199 

Pyramidal 

Model of 

Awareness 

32.05 18 .022 .96 .94 .067 [.025 - .103] .07 6120 6202 

Note. CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean squared error of approximation; 

SRMR = standardized root mean squared residual; AIC = Akaike's information criterion; BIC = Bayesian information 

criterion. Recommended criteria (Hu & Bentler, 1999) for CFI/TLI: > .95; RMSEA: < .06; SRMR: <.08; Smallest AIC 

and BIC are indicative of the most parsimonious model.  

 

Figure 4.1 shows the structural relationships among the metacognitive 

constructs, and their corresponding path coefficients. As indicated in Figure 4.1, the 

relationship between the MK and AA latent constructs, as well as between the AA 

and EA latent constructs was significant and positive (none of these 95% confidence 
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intervals crossed zero). Also, the path coefficients of all three aspects of 

metacognition were significant, and none of the 95% bias-corrected bootstrap 

confidence intervals crossed zero. Only the relationship between MK and EA was 

not significant.  

 

Note. * p < .05; ** p < .01; *** p < .001. 

Figure 4.1. Path Diagram of the Three-Factor Model. 

 

From a statistical standpoint, the 3-factor model, 2-factor model and 

Pyramidal Model of Awareness had at least adequate fit of the data. Comparing the 

goodness-of-fit indices would only be sufficient to determine the best model from a 

statistical viewpoint, but insufficient to determine the best theoretical model. As 

such, closer inspection of the path diagrams and further analyses were conducted for 

the two-factor model and Pyramidal Model of Awareness.  
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Figure 4.2 shows the path diagram of the 2-factor model. Closer inspection of 

the ‘online awareness’ latent variable revealed differences in the factor loadings. The 

variables ‘meta-prospective memory’ and ‘list learning trial 1’ had lower loadings 

compared to the other variables loading onto ‘online awareness’. Although these two 

factor loadings were significant at the p < .01 level, they had the highest residual 

variances (residual variance = 0.94, 95% confidence interval [CI] = 0.85-0.99 for 

meta-prospective memory; residual variance = 0.863, 95% CI = 0.72-0.96 for list-

learning trial 1). These results suggest that these two variables might be better 

considered as indicators of a separate construct (i.e., AA). 

 

Note. ** p < .01; *** p < .001. 

Figure 4.2. Path Diagram of the Two-Factor Model. 
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Figure 4.3 shows the path diagram of the Pyramidal Model of Awareness. 

Contrary to the proposed model, there was no relationship between MK and EA. 

Furthermore, the indirect effect of MK on AA was not significant (i.e., no mediation 

effect of MK on AA through EA), p = .626. As such, this CFA model does not 

provide support for the Pyramidal Model of Awareness. 

 

Note. * p < .05; ** p < .01; *** p < .001. 

Figure 4.3. Path Diagram of the Pyramidal Model of Awareness. 

 

Given that the two-factor model and Pyramidal Model of Awareness had 

statistical and conceptual issues, and that Toglia and Kirk’s (2000) three-factor 

model was the best fit of the data, measurement invariance analyses for age, 

education and gender were conducted for the three-factor model. 
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There was no evidence of measurement invariance for both age and education 

(see Tables 4.A1 and 4.A2 in Appendix 4.A). However, there was evidence of 

measurement non-invariance for gender (Table 4.3). Only the scalar model indicated 

poor fit and was significantly poorer than the metric and configural models (χ2 

difference p values = .033 and .008 respectively), suggesting that the mean factor 

scores were significantly different by gender.  

Table 4.3 

Goodness-of-Fit Indices of the Measurement Invariance Models for Gender 

 χ² df p CFI TLI 
RMSEA 

[95% CI] 
SRMR AIC BIC 

Configural 42.41 54 .153 .98 .96 .053 [.000 - .099] .07 6127 6298 

Metric 46.51 39 .191 .98 .97 .047 [.000 - .092] .07 6121 6276 

Scalar 62.01 44 .038 .95 .93 .068 [.017 - .105] .08 6127 6266 

Note. CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean squared error of approximation; 

SRMR = SRMR = standardized root mean squared residual; AIC = Akaike's information criterion; BIC = Bayesian 

information criterion. Recommended criteria (Hu & Bentler, 1999) for CFI/TLI: > .95; RMSEA: < .05; SRMR: <.08; 

Smallest AIC and BIC are indicative of the most parsimonious model.  

 

The FrSBe and PRMQ unstandardized residuals were flagged to be different 

across gender groups (modification indices = 12.50 and 11.04 respectively). Further 

comparisons of each flagged indicator revealed significant differences between the 

baseline model and the alternate model, suggesting that there were differences 

between males and female participants on their FrSBe (χ² [1] = 11.9, p = .001) and 

PRMQ (χ² [1] = 11.2, p = .001) unstandardized residual scores.  

Given that gender was dummy coded as males being ‘1’ and females being 

‘2’, the positive regression coefficient of FrSBe on gender indicates that females had 

higher overall regression residuals on the FrSBe questionnaire (i.e., the males tended 

to underestimate while females tended to overestimate their frontal system 

capabilities relative to informant ratings); the negative regression coefficient of 
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PRMQ on gender indicates that males had higher overall regression residuals on the 

PRMQ questionnaire (i.e., the females tended to underestimate while males tended to 

overestimate their prospective and retrospective memory capabilities relative to 

informant ratings). 

4.7 Discussion 

This study aimed to conduct an empirical test of Toglia and Kirk’s (2000) 

model of metacognition, so as to understand the latent structure of the three aspects 

of metacognition, namely, MK, AA and EA. This study also aimed to quantitatively 

contrast the model with other more parsimonious models (i.e., two-factor and one -

factor models), and Crosson et al.’s (1989) Pyramidal Model of Awareness, as well 

as to determine the influence of age, education and gender on metacognition.  

The analyses suggest that only Toglia and Kirk’s (2000) three-factor model 

provided both a good fit to the data and was consistent with theory. Whilst, on the 

basis of overall statistical fit, the Pyramidal Models appeared to offer a reasonable 

account of the data, there were theoretical reasons to reject this model.  

The Pyramidal Model of Awareness posits that AA is dependent on the level 

of EA, which is in turn dependent on the level of MK. No such relationships were 

found; there was no relationship between MK and EA, nor an indirect relationship 

between MK and AA. This finding suggests that the acquisition of metacognition 

does not necessarily have to be in stages (e.g., developing AA need not depend on 

the level of EA or MK). The clinical implications are that rehabilitation of either AA 

or EA does not require a sufficient level of another subdomain of metacognition.  

Toglia and Kirk’s (2000) three-factor model achieved the best fit to the data 

both statistically and conceptually, suggesting that MK, AA, and EA each contribute 

uniquely to the overall concept of metacognition, and can be considered separate 
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constructs. In particular, while Toglia and Kirk’s (2000) model depicted AA and EA 

under a broader ‘online awareness’ category the results suggest that even though 

both types of awareness are task-related, it would be insufficient to consider each in 

isolation, or to consider online awareness to be a unitary construct.  

Consistent with Toglia and Kirk’s (2000) theory, individuals with higher 

levels of AA tended to have higher levels of MK or EA (but not necessarily both). 

However, there was no relationship between EA and MK, suggesting that while these 

two latent constructs contributed uniquely to the variance in AA, there was no 

overlap of variance between them.  

This finding is partially supported by studies investigating metacognition in 

individuals after a brain injury, as previously reported. Despite using different 

measures, Robertson and Schmitter-Edgecombe (2015) also found a significant 

relationship between measures of AA and EA; O’Keeffe et al. (2007) found a similar 

result. However, they reported no relationship between MK and either AA, or EA. 

Besides considering the difference in questionnaires and tests used (e.g., error 

monitoring [in O’Keeffe and colleagues’ study] versus self-regulation [in this study]; 

absolute discrepancy [in O’Keeffe and colleagues’ study] versus normative 

discrepancy [in this study]), it should be noted that the main difference was in the 

population of consideration. As such, the relationship between MK and AA may 

differ in individuals with a brain injury. However, no clear conclusion about this 

relationship can be drawn, given the small sample size in O’Keeffe et al.’s (2007) 

study (n = 31). Overall, the significant and positive relationship between AA and EA 

appears to be consistent across both population types. It also supports Toglia and 

Kirk’s (2000) conceptualization of online awareness as comprising both AA and EA, 

which are related but form two unique aspects of metacognition. 
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Age and education were not covariates of metacognition, but there were 

differences in FrSBe and PRMQ regression residuals by gender. It is interesting how 

this difference was not significant when considering the ADLQ, suggesting that the 

difference in gender was limited to the discrepancy between self-other ratings in the 

domains of frontal system functioning and memory.  

Males tended to underestimate their frontal system capabilities relative to 

informant ratings, while females showed the opposite pattern. Hoerold et al. (2008) 

conducted a study of MK in younger adults (mean age = 22.85 years) compared to 

significant others but did not find any differences in FrSBe discrepancy scores across 

the two sexes. Niemeier et al. (2014; mean age = 43.11 years) similarly did not find 

gender differences in FrSBe discrepancy scores in individuals who had a brain injury 

before and after rehabilitation compared to judgements made by family members. 

There does not appear to be a clear explanation as to why the pattern of MK in 

healthy older adults is different. However, given the age difference between the 

studies, it may be possible that the informants for younger adults may be more likely 

to be their parent (as in Hoerold et al., 2008), whereas it could be their spouse if they 

were older (as in Niemeier et al., 2014). While not reported, it may be speculated that 

there could be gender differences between informants in the studies that may imply 

differences in expectations among male and female informants.  

By contrast, males also tended to overestimate their prospective and 

retrospective memory capabilities. In other words, males tended to rate themselves 

better than their informants. Crawford et al. (2005) investigated gender differences in 

their ratings of the PRMQ. They also compared raters and their informant’s ratings 

and found no significant gender differences in the total PRMQ scores for raters and 

ratees, but did find a small but significant effect of males rating themselves better in 
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prospective memory than females. Nonetheless, the metric used in this study was the 

normative discrepancy between raters and ratees for males or females, rather than 

absolute comparisons between male and female raters, or male and female ratee 

comparisons as conducted in the Crawford et al.’s (2005) study. Future studies 

should consider the potential difference in how males and females (and their 

informants) may respond on the FrSBe and PRMQ in the determination of MK. 

While beyond the scope of this study, gender differences in raters, and also in ratees, 

warrants further investigation in other tasks when comparing self-informant 

discrepancies. Regarding the clinical implication of this finding, understanding if 

there are differences between same versus opposite gender self-informant pairs is 

important for clinicians, in order to know if differential emphasis should be placed 

on those discrepancies if gender differences are confirmed. 

4.7.1 Limitations and Future Research 

The sample size was relatively limited, and non-significant results should be 

interpreted with caution. Nonetheless, the sample size was larger than other studies 

in the field, which were mainly based on participants with ABI (for which large 

sample sizes are difficult to attain). This study also used bootstrapping to provide 

more robust estimates of standard errors. 

Based on Wolf et al.’s (2013) simulation study, a three-factor model with 

nine indicators, factor loadings of .65 and factor correlations of .30 would require a 

sample size of 220 (corresponding to a minimum power level of .87), even before 

considering missingness (a mean missing percentage of 5% would require a 30% 

increase in sample size). This study used eight indicators (which is one less than the 

example), had a mean factor loading of .67, and mean factor correlation of .36, and a 

mean missing percentage of under 3%. Overall, a sample size of 176 may be 
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considered underpowered. However, this study found significant and strong factor 

loadings and factor correlations, as well as good model fit, suggesting that the model 

fit the data well. Notwithstanding, future studies are required for replication of these 

results, as well as to determine if the three-factor model also fits in other clinical 

populations. 

The literature suggests that metacognition can vary based on the domain of 

assessment (Marková & Berrios, 2001; Ownsworth et al., 2006). Whilst MK was 

assessed across activities of daily living, memory and executive/frontal function, 

only memory-related assessments of AA and EA were conducted. Future studies of 

metacognition should include the assessment of online awareness in different 

cognitive domains (e.g., prediction of performance in an attention-based task and 

proportion of self-corrected errors) and can explore the utilization of assessment 

tools that encompass multiple domains (e.g., Self-Awareness Multilevel Assessment 

Scale; Bivona et al., 2020). With the advance and increasing availability of 

electroencephalograms and functional magnetic resonance imaging, future studies 

may rely on biomarkers (e.g., event-related potentials or localized brain activation) 

such as the error-related negativity or neural activation in the anterior cingulate 

cortex to assess error monitoring and performance regulation (i.e., EA; Mathalon et 

al., 2003). 

Participants for this study attended the University for assessment. As such, 

the sample population was restricted to older adults who were relatively high-

functioning (i.e., were mobile, or had access to transport), thus the findings may not 

generalize to lower-functioning but still community-living individuals.   

Toglia and Kirk (2000) also postulate that a myriad of associated factors 

impact on the aspects of metacognition. In the future, studies should explore the 
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relationship between scores on these three factors and such factors as pre-existing 

cognitive weaknesses, perceptual deficits, negative affect, motivation, fatigue, and 

task difficulty. 

Future studies should also aim to understand the ability of the aspects of 

metacognition to predict functional outcomes, which include affect, quality of life, 

and work and community integration. Additionally, the relationship between the 

aspects of metacognition and personality factors can be examined. 

4.7.2 Conclusions 

This study provided empirical evidence to support the three-factor model of 

metacognition (Toglia & Kirk, 2000), which comprises MK, AA and EA in a 

community older adult sample. Whilst MK and AA were related, as were AA and 

EA, MK appeared to have no relationship with EA. Further, this study failed to 

support the hierarchical relationships proposed by the Pyramidal Model of 

Awareness (Crosson et al., 1989). Whilst there was evidence of age and education 

invariance for this three-factor model, there were gender differences in MK only. 

Such differences suggest clinicians may need to be cautious when interpreting 

differences between informant and patient ratings on similar scales, since the 

magnitude of the discrepancies may not be equivalent across all patient-informant 

pairings. 
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5.1 Abstract 

Metacognition, or self-awareness and self-regulation, consists of three subdomains:  

metacognitive knowledge, anticipatory awareness, and emergent awareness. Deficits 

in metacognition after an acquired brain injury (ABI) are common, and 

metacognitive knowledge has been identified as a predictor of functional outcomes in 

adults who have experienced an ABI. However, the relationship between the other 

two subdomains, anticipatory awareness and emergent awareness, are less clear. A 

regression-based model was conducted to assess the ability of the three aspects of 

metacognition to predict functional outcomes following an ABI in adults. Sixty-two 

adults with ABI and their informants completed an executive functioning 

questionnaire and functional outcome rating scales. The participants also completed a 

word list learning task, for which they provided predictions prior to each of the four 

trials. Metacognitive accuracy was calculated as relative accuracy (i.e., ranging from 

negative bias to intact metacognition to positive bias) and as absolute accuracy (i.e., 

ranging from intact to poor metacognition). Participants who over-estimated their 

performance on the executive functioning questionnaire relative to their informants, 

and who over-estimated their performance on Trial 3 of the list-learning task rated 

their functional outcomes to be better than under-estimators.  Those who less 

accurately predicted their anticipated performance on a memory task (either 

negatively- or positively-biased estimations) had poorer self-rated community 

integration outcomes compared to those who made more accurate predictions. Given 

that this was a pilot study with a limited sample size, these results require replication.  
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5.2 Introduction 

Besides possible physical and affect-related deficits, individuals who have an 

acquired brain injury (ABI) can face significant challenges in functional outcomes, 

affecting their ability to integrate into society, work, and socialize (Douglas et al., 

2016; Villalobos et al., 2018). Deficits in metacognition after an ABI are common 

(varying from 45% to 97%; Freeland, 1996; Ownsworth et al., 2007; Sherer et al., 

1998), and even though some may acknowledge having cognitive difficulties, 

individuals with ABI often find it difficult to predict the real-life implications of 

these deficits (McAllister, 2008). As such, metacognition has been identified as an 

important factor related to rehabilitation motivation and functional outcome in adults 

with ABI (Hoofien et al., 2004; Ownsworth & Clare, 2006).  

Deficits in metacognitive knowledge, a subdomain of metacognition, have 

been well-documented, along with studies investigating its relationship with 

functional outcomes (Yeo et al., 2019; Chapter 2). However, much less is known 

about how the other aspects of metacognition (i.e., anticipatory and emergent 

awareness) relate to functional outcomes. Functional outcomes after an ABI are 

commonly defined as an individual’s ability to re-engage into work, study, social and 

leisure activities, as well as to live independently, and achieve quality of life (Sander 

et al., 2010; Sasse et al., 2013). The current study aimed to evaluate whether 

metacognition is a significant predictor of functional outcomes following ABI. 

5.2.1 Metacognition 

The literature and theoretical accounts of metacognition has been reviewed 

extensively in previous chapters of this thesis (see Chapter 1). In brief, Toglia and 

Kirk’s (2000) proposed model of metacognition describes three inter-related 

subdomains, namely, metacognitive knowledge, anticipatory awareness, and 
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emergent awareness (Toglia & Kirk, 2000). Results of the confirmatory factor 

analysis (CFA) in Chapter 4 provided some initial support for this account of 

metacognition in a sample of healthy older adults.  

Each subdomain of metacognition may differentially affect physical, 

emotional, cognitive and functional outcomes, or the object of awareness 

(Ownsworth et al., 2006a; Toglia & Kirk, 2000). For example, an individual’s level 

of metacognition about their memory may differ from their awareness about how 

they would perform on activities of daily living. A distinction between awareness of 

physical / motor and sensory deficits versus cognitive / behavioral / affective 

regulation has been recognized in the literature (Mograbi & Morris, 2013), with 

physical deficits being more commonly reported by individuals with brain injury 

relative to cognitive or behavioral / affective symptoms (Gasquoine, 2016). 

Given that metacognition is a latent construct, it cannot be measured directly. 

Studies focusing on the traumatic brain injury (TBI) and stroke populations have 

predominantly used a discrepancy method to contrast self-ratings of functioning with 

informant-/clinician-ratings, or self-ratings of performance with actual performance 

on cognitive tasks (Al Banna et al., 2015; Prigatano & Sherer, 2020). 

As reported in the CFA in Chapter 4, a novel method to quantify anticipatory 

awareness and emergent awareness has been described in the study by Ng et al. 

(2018). Regressions of prediction on performance were conducted, and the residuals 

were used to derive indices of online awareness. These residuals represent the degree 

of deviation of an individual’s online awareness with respect to the sample (i.e., 

normative awareness). This method can be extrapolated to operationalize 

metacognitive knowledge, by regressing self-ratings on informant-ratings about the 

individual’s functioning and cognition. This study used this method of assessing 
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anticipatory awareness and emergent awareness using the same word list learning 

task as Ng et al. (2018). 

5.2.2 Relationship between Metacognition and Functional Outcomes 

Chapter 2 outlined a meta-analysis which included 22 studies that measured 

metacognitive knowledge and its relationship with functional outcomes. The meta-

analysis differentiated studies that reported absolute discrepancy (the absolute 

amount of inaccurate self-appraisal regardless of a negative bias or positive bias of 

one’s capabilities) versus those that reported relative discrepancy (taking into 

account both the degree and the direction of self-appraisal inaccuracy) to measure 

metacognitive knowledge. The study in Chapter 2 found evidence to suggest that 

good metacognitive knowledge as reported by absolute studies is related to better 

overall functional outcomes (i.e., taking into consideration multiple types of 

outcomes; e.g., quality of life and everyday functioning outcomes). Conversely, both 

under- and over-estimations of one’s capabilities were related to poorer overall 

functional outcomes. However, a closer inspection of different subdomains of 

functional outcomes revealed different results. The results from Chapter 2 suggest 

that individuals who had a TBI and who over-estimated their performance had better 

self-reported overall quality of life, and this effect was moderated by age (i.e., older 

over-estimators had better perceptions of quality of life). Similarly, individuals with 

positively-biased metacognitive knowledge (i.e., over-estimators) had the lowest 

levels of depression. However, over-estimators were found to have the poorest work-

related outcomes.  

While this meta-analysis revealed a relatively robust literature regarding 

metacognitive knowledge and functional outcomes, it revealed a lack of focus on 

anticipatory or emergent awareness. These other aspects of metacognition may be 
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crucial in obtaining a comprehensive understanding of the relationship between 

metacognition and functional outcomes.  

In a study of 31 participants using a cross-sectional experimental design 

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

functional outcomes. However, the study revealed that individuals with better 

emergent awareness had lower levels of anxiety, as well as better overall informant-

rated competency. A single-case experimental design study by Ownsworth et al. 

(2006b) focused on providing metacognitive strategies to a patient with a severe TBI. 

While not definitive, the study demonstrated improvements in the patient’s error 

monitoring and functional outcomes (e.g., practical activities like cooking, return to 

supported work). Another single-case design study suggested that improvements in 

emergent awareness (i.e., error-self monitoring) could result in better independence 

on daily functional activities (Ownsworth et al., 2010). Given that there are only a 

few studies available, further assessments of the relationship between functional 

outcomes to anticipatory and emergent awareness are warranted. 

5.2.3 Current Study 

The current study had two aims; first, to investigate the association between 

metacognition and functional outcomes, and second, to compare self and informant 

ratings on functional outcomes. 

We intended to address these gaps in the literature by examining how all 

three aspects of metacognition might predict functional outcomes in adults with ABI. 

The most representative variable (i.e., highest loading variable) of each of the three 

aspects of metacognition based on the CFA in Chapter 4 was used to evaluate the 

association between all three aspects of metacognition as described by Toglia and 

Kirk (2000), and functional outcomes, as a comprehensively assessed across the 
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domains of physical, psychological, social and work functioning, community 

integration, and negative affect. Such an investigation hopes to guide and streamline 

post-brain injury rehabilitation strategies, such that they may be targeted at the 

aspects of metacognition that have the best prediction on functional outcomes. 

Given that metacognitive deficits in ABI may affect the accurate assessment 

of functional outcomes such as work performance, the second aim of this study was 

to compare differences between self-rated and informant-rated functional outcomes. 

As highlighted in the meta-analysis in Chapter 2, the assessment of metacognition 

relies on an implicit assumption that the relationship between metacognition and 

functional outcomes is linear, such that metacognition ranges from a negative bias to 

good metacognition to a positive bias (i.e., ‘relative’ method of assessment). 

However, a non-significant linear relationship may mean that individuals with good 

metacognition may have better functional outcomes as compared to both under- and 

over-estimators. To complement findings using the relative method, this study also 

reports functional outcomes for those with good versus poor metacognition (i.e., by 

considering either under- or over-estimators as having poor metacognition; ‘absolute’ 

method of assessment). Understanding the method of assessment may provide 

researchers more clarity regarding the interpretation of the scale of measurement of 

metacognition, and hopefully for clinicians to understand the nature of differences 

between self-ratings and informant-ratings of functional outcomes. 

Based solely on the results of the meta-analysis in Chapter 2, we 

hypothesized that better metacognitive knowledge, as determined by the absolute 

method, would be related to better overall functional outcomes but that under-

estimators of cognitive abilities (i.e., negatively-biased metacognitive knowledge) 

would have better community integration. As per Chapter 2’s results, we also 
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hypothesized that over-estimators of cognitive abilities (i.e., positively-biased 

metacognitive knowledge) would report less negative affect (i.e., lower levels of 

depression, anxiety and stress). Similar to metacognitive knowledge, we 

hypothesized that better anticipatory and emergent awareness as determined by the 

absolute method would be related to better overall functional outcomes, based on the 

results from Chapter 2. In contrast, we hypothesized that individuals who were 

under-estimators of their performance relative to predictions (i.e., negatively-biased 

anticipatory awareness) and under-estimators of performance regulation (i.e., 

negatively-biased emergent awareness; as determined by the relative method) would 

have better community integration, as they may be more careful and may seek help 

more often. Lastly, following from the results in Chapter 2, we hypothesized that a 

greater realization of task-related difficulties (i.e., intact emergent awareness, as 

determined by the absolute method) would be associated with greater negative affect. 

5.3 Method 

5.3.1 Participants 

Seventy-three participants were recruited from the Acquired Brain Injury: 

Recovery, Engagement, and Community Outcomes Via Evidence-based 

Rehabilitation (ABI:RECOVER) study as detailed in Chapter 3. After removing ten 

cases with completely missing data across all three metacognitive variables or all 

five outcome variables, 63 participants were retained. These participants were 

recruited through a rehabilitation service at a major tertiary hospital (n = 48), a 

designated post-acute brain injury rehabilitation service (n = 7), and through online 

and community advertisements (n = 7). Treating professionals referred participants 

for the study if they met the following inclusion criteria: (a) had a documented brain 

injury that required medical intervention (e.g., presentation to hospital); (b) be 
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relatively close in time to injury (approximately 3-24 months); (c) be aged 18 to 70 

years; (d) be physically stable (i.e., not require life-saving medical intervention); (e) 

be psychiatrically stable (i.e., not currently experiencing psychosis or mania); (f) be 

able to participate in cognitive testing (e.g., not significantly aphasic, be orientated to 

the environment); and (g) be able to provide informed consent.  

A summary of the participants’ demographic and injury characteristics is 

presented in Table 5.1. The sample varied in injury severity, which was assessed 

using either the Glasgow Coma Scale (GCS; Teasdale & Jennett, 1974) or length of 

post-traumatic amnesia (PTA), and further classified as having a mild, moderate, or 

severe injury. 

 

Table 5.1 

Demographic and Injury Details of Participants with ABI 

Demographic / injury data n (%) Mean (SD), range 

Age 63 43.32 (14.92), 18 - 67 

Gender 

- Males 

- Females 

 

37 (59.7%) 

25 (40.3%) 

 

- 

- 

Education 

- Less than 10 years 

- 10 to 12 years 

- More than 12 years 

 

3 (4.8%) 

20 (32.3%) 

39 (62.0%) 

 

- 

- 

- 

Traumatic Brain Injury 

- Motor vehicle accident 

- Fall 

- Assault 

 

10 (16.1%) 

5 (8.0%) 

6 (9.7%) 

 

- 

- 

- 
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- Sports injury 

- Other 

4 (6.4%) 

1 (1.6%) 

- 

- 

Cerebrovascular Accident 

- Ischemic stroke 

- Hemorrhagic stroke 

 

10 (16.1%) 

9 (14.5%) 

 

- 

- 

Other ABI 

- Hypoxia (e.g., cardiovascular 

arrest, substance overdose) 

- Tumor resection 

- Infections 

 

4 (6.4%) 

 

6 (9.7%) 

7 (11.2%) 

 

- 

 

- 

- 

Severity of Injury 

- Mild 

- Moderate 

- Severe 

 

8 (12.9%) 

17 (27.4%) 

37 (59.7%) 

 

- 

- 

- 

Time Since Injury (days) - 298.5 (190.0), 77 - 788 

 

Twenty-eight informants completed the informant-version of the Frontal 

Systems Behavior Scale (of which 67.8% were completed by a spouse / partner, 

32.2% were completed by a family member or friend). Thirty-one informants 

completed the informant-version of the Mayo-Portland Adaptability Inventory-4 (of 

which 64.5% were completed by a spouse / partner, 35.5% were completed by a 

family member or friend). Thirty-two informants completed the informant-version of 

the Community Integration Questionnaire (no informant demographic information 

was obtained for this questionnaire). 
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5.3.2 Materials 

Metacognitive knowledge. The 46-item Frontal Systems Behavior Scale 

(FrSBe; total scale Cronbach’s α = .95; Grace et al., 1999) was used to measure 

frontal systems dysfunction, and was administered to participants and their 

nominated informant/family member in order to derive measures of discrepancy (see 

Chapter 4.5). The questionnaire comprises three subdomains, namely, apathy, 

disinhibition, and executive dysfunction. Ratings of the frequency of participants’ 

behaviors were obtained on a 1 to 5 Likert-type scale (total scores range from 46 to 

230) for their current behaviors. While data for pre-injury ratings were collected, 

only current ratings were used, in order to ascertain their post-injury level of 

metacognitive knowledge. The scores were reversed such that lower raw scores were 

indicative of greater frontal systems dysfunction, to make interpretation of the three 

metacognitive variables equivalent.  

Using Ng et al.’s (2018) regression residual method, self-ratings on the FrSBe 

total present-rating raw score were regressed on informant-ratings. The FrSBe 

discrepancy was used as it obtained the highest loading for the metacognitive 

knowledge factor in the CFA reported in Chapter 4 (due to sample size restrictions 

explained in Chapter 3). This regression method is advantageous for comparing the 

discrepancy between prediction and performance, or self-rating and informant-rating, 

relative to the sample norm (Ng et al., 2018). The unstandardized residuals represent 

the degree of discrepancy of self- versus informant-ratings on the FrSBe and were 

used as a marker of metacognitive knowledge. Under-estimation of self-ratings (i.e., 

negative bias) resulted in large negative discrepancies; good metacognitive 

knowledge was defined as self-ratings that are similar (i.e., low to no discrepancies) 
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to informant ratings; and over-estimation of self-ratings resulted in large positive 

discrepancies (i.e., positive bias). 

Anticipatory awareness and emergent awareness. Similar to the 

methodology in Chapter 4.5, a modified word list recall subtest of the Repeatable 

Battery for the Assessment of Neuropsychological Status - Form A (RBANS; 

Randolph et al., 1998) was used to ascertain prediction versus performance 

discrepancies as indices of anticipatory awareness and emergent awareness. 

Participants predicted the number of words they thought they would recall out of a 

list of 10 words, then were read the list. Their predicted amount was converted into a 

percentage out of 10 (e.g., a prediction of 7 words corresponded to 70%). They then 

recalled the word list, in no particular order (Trial 1). Their recalled amount was 

likewise converted into a percentage out of 10. Trials 2, 3 and 4 (i.e., early, middle 

and late emergent awareness) were subsequent repeats of Trial 1 (i.e., anticipatory 

awareness). 

Following Ng et al.’s (2018), indices of anticipatory and emergent awareness 

on the RBANS word list recall subtest were derived by regressing prediction on 

performance. For anticipatory awareness, Trial 1 prediction was regressed on Trial 1 

performance; for emergent awareness, Trial 2 prediction was regressed on Trial 2 

performance (i.e., early emergent awareness), and likewise for Trials 3 and 4 (i.e., 

middle and late emergent awareness respectively). Unstandardized residuals 

represented deviations from the norm, such that a residual of zero or near zero 

represents intact emergent awareness; negative residuals represent under-confidence 

(i.e., negative-bias) and positive residuals represent over-confidence (i.e., positive-

bias). Similar to metacognitive knowledge, residuals with the highest loading in the 

CFA in Chapter 4 were selected, except for anticipatory awareness. Meta-prospective 
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memory (assessed with the PRMQ) was the highest loaded indicator in the CFA 

reported in Chapter 4 but was unavailable in the current study. Instead, the indicator 

with the next highest loading was selected: the residuals from Trial 1 of the list 

learning task. For emergent awareness, the residual from Trial 3 (middle emergent 

awareness) was used as the index of emergent awareness. 

Functional Outcome. The Mayo-Portland Adaptability Inventory-4 (MPAI-

4; Malec et al., 2003; self-rated reliability =.92; informant-rated reliability = .92) was 

developed to measure functional outcomes of individuals with ABIs, and contains 

three subscales: physical and cognitive abilities, psychological adjustment, and social 

participation / productivity (higher scores representing poorer outcome). The MPAI-

4 has good psychometric properties, is used often in the literature, and is one of the 

most comprehensive measures of functional outcomes (Resnik & Plow, 2009). Self-

rated and informant-rated total standard scores were used to determine the 

individual’s level of functional outcome, to better understand the confounding effect 

of deficits in metacognitive knowledge in the individual with ABI.   

The Community Integration Questionnaire (CIQ; Willer et al., 1993; 

Cronbach α = .75) is a 15-item questionnaire measuring the extent to which an 

individual engages in their home, community, work and social environment. It 

contains three subscales (Home Integration, Social Integration, and Productivity) as 

well as a total score to measure overall community engagement (with scores ranging 

from 0 to 25; higher scores representing greater re-engagement). Self and informant 

total score CIQ ratings were used. 

The 21-item version of the Depression, Anxiety and Stress Scale (DASS; 

Lovibond & Lovibond, 1993; Cronbach α = .91) was administered to obtain an 

overall negative affect score using the total score. This version of the DASS 
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consisted of seven questions related to depressive-, anxiety-, and stress-

symptomatology, respectively. Questions were responded to using the 0-3 Likert 

scale, and the final score was multiplied by two, such that a sum of all three 

subdomains was consistent with the original 42-item version of the DASS. Higher 

scores indicate greater negative affect. Informants did not complete this 

questionnaire. 

5.3.3 Design 

This study formed part of the larger prospective cohort study 

(ABI:RECOVER). Each participant undertook multiple assessments, each consisting 

of two two-hour sessions and undertook other typical neuropsychological tests and 

questionnaires. Data were extracted from the baseline assessment. 

5.3.4 Procedure 

Approval was obtained from the Human Research Ethics Committees of both 

the University of Western Australia (UWA) and the East Metropolitan Health 

Service. Potential participants were screened for eligibility and interest, and then 

contacted by the researchers to confirm an appointment at one of three sites to 

complete the neuropsychological assessments. Participants were given the option to 

complete the assessment across one or two sessions, based on their preference. They 

were also given the opportunity to nominate informants (i.e., a significant other or 

treating clinician) to complete the proxy questionnaires, although this was not a 

prerequisite. Informants were provided with options to complete the questionnaires 

online or on a hardcopy.  

5.3.5 Data Analysis 

IBM SPSS (Version 22.0, IBM) and Mplus version 8.1 software package 

(Muthén & Muthén, 2017) were used. Firstly, SPSS was used to obtain the 
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unstandardized residuals for the three metacognitive subdomains as described above. 

Next, SPSS was used to obtain demographically adjusted indicators of the outcome 

variables. Multiple regressions of the outcome variables on: (a) age, (b) gender, and 

(c) education were conducted. The unstandardized residuals were saved as the 

eventual outcome variable which controlled for these potentially confounding 

factors.  

Missing item-level data within the questionnaires were dealt with according 

to each questionnaire’s manual. Thereafter, to replace missing variables in the 

structural equation modelling analyses at the variable level, multiple imputation 

using Mplus was conducted for the final dataset, with 10 iterations (Wang & Robins, 

1998). 

Finally, Mplus was used to analyze the relationship between the 

metacognitive variables and the functional outcomes; first for the ‘relative’ mode of 

metacognition assessment (i.e., where each metacognitive variable existed on a 

continuum from a negative bias to intact metacognition, to a positive bias), and then 

a separate analysis for the ‘absolute’ mode of metacognition assessment (i.e., where 

each metacognitive variable existed on a continuum from intact metacognition [for 

values close to zero], to poor metacognition [for large positive values]; obtained by 

evaluating the absolute values from the relative mode of metacognition assessment). 

The graphical model for both relative and absolute analyses is represented in Figure 

5.1. Maximum likelihood estimations with Huber corrections (i.e., robust maximum 

likelihood) were used given the higher accuracy of error estimates as compared to 

other estimates, and their ability to handle non-normality and smaller sample sizes 

(Li, 2014). 



 

Chapter 5: Metacognition and Functional Outcomes in Adults with Acquired Brain Injury 148 

 

Figure 5.1. Final Model Regressing Metacognition on Functional Outcomes. 

 

The metacognitive variables included in the final Mplus models were: (a) 

FrSBe unstandardized residuals (metacognitive knowledge), (b) List learning Trial 1 

unstandardized residuals (anticipatory awareness), and (c) List learning Trial 3 

unstandardized residuals (emergent awareness). These variables were regressed on 

the functional outcome variables, which were: (a) covariate-adjusted self-rating of 

MPAI-4 total score, (b) covariate-adjusted self-rating of CIQ total score, (c) 

covariate-adjusted self-rating of DASS total score, (d) covariate-adjusted informant-

rating of MPAI-4 total score, and (e) covariate-adjusted informant-rating of CIQ total 

score.  

5.4 Results 

For metacognitive knowledge, the rate of missing data for self-rated FrSBe 

scores ranged from 8.1% to 9.7%, and were missing completely at random, χ² (86) = 

93.96, p = .261; the rate of missing data for informant-rated FrSBe scores ranged 

from 54.8% to 56.5%, and were not missing completely at random, χ² (179) = 

866.38, p < .001. For the outcome variables, the rate of missing data for self-rated 
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MPAI-4 scores was 1.6%, and was missing completely at random, χ² (89) = 76.35, p 

= .828. The rate of missing data for informant-rated MPAI-4 scores ranged from 

50.0% to 58.1%, and were not missing completely at random, χ² (233) = ∞, p < .001. 

There were no missing self-rated CIQ scores. The rate of missing data for informant-

rated CIQ scores ranged from 48.4% to 50.0%, and were missing completely at 

random, χ² (14) = 16.2, p = .301. The rate of missing data for self-rated DASS scores 

ranged from 6.5% to 9.7%, and was missing completely at random, χ² (126) = 

133.44, p = .308. 

The missing variable data in the final dataset were missing completely at 

random, χ² (59) = 60.51, p = .421. However, between 48% to 57% of informant-

related variables (i.e., metacognitive knowledge, informant-rated MPAI-4 and CIQ 

scores) were missing (there was no apparent reason why the response rate of 

informants was low, despite being provided the options of completing the 

questionnaires via an online platform or a hardcopy version). As such, the planned 

multiple imputations were conducted. In order to conceptualize the raw data, pre-

imputation and pre-regression descriptive statistics of the three metacognitive 

variables and five outcome variables are presented in Table 5.2. Appendix 5.A 

reports the regressions to derive the metacognitive variables, and the regressions to 

derive the demographic-corrected functional outcome variables. Inter-correlations 

between the three metacognitive variables and inter-correlations between the five 

outcome variables are shown in Table 5.3. 
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Table 5.2 

Descriptive Statistics of Imputed and Raw Predictor (Metacognition) and Functional 

Outcome Variables 

Variable n Imputed Mean 

(SD)# 

Raw 

Mean (SD) 

Metacognitive Variables    

Metacognitive Knowledge (FrSBe)^    

Self-rateda 57 - -104.2 (21.4) 

Informant-ratedb 28 - -101.4 (29.9) 

Final Unstandardized Residual 28# 0.06 (20.9) -0.07 (20.3) 

Anticipatory Awareness (List 

Learning Trial 1) 

   

Predicted 57 - 5.3 (1.8) 

Performance 58 - 4.7 (1.7) 

Final Unstandardized Residual 57# 0.01 (1.7) 0.04 (1.8) 

Emergent Awareness (List Learning 

Trial 3) 

   

Predicted 58 - 6.1 (1.8) 

Performance 58 - 7.2 (1.8) 

Final Unstandardized Residual 58# 0.001 (1.2) 0.04 (1.2) 

Functional Outcome Variables    

Raw Self-rated MPAI-4c 61 - 47.0 (8.4) 

Final Unstandardized Residual of 

Self-rated MPAI-4 

61 0.3 (8.3) 0.4 (8.3) 

Raw Self-rated CIQ 61 - 18.1 (5.4) 
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Final Unstandardized Residual of 

Self-rated CIQ 

62 0.2 (5.3) 0.1 (5.2) 

Raw Self-rated DASS 58 - 28.6 (25.5) 

Final Unstandardized Residual of 

Self-rated DASS 

58 -1.1 (23.0) -1.0 (23.0) 

Raw Informant-rated MPAI-4d 31 - 43.5 (11.8) 

Final Unstandardized Residual of 

Informant-rated MPAI-4 

31 -0.2 (10.4) -0.4 (10.0) 

Raw Informant-rated CIQ 32 - 17.3 (5.6) 

Final Unstandardized Residual of 

Informant-rated CIQ 

32 0.4 (4.9) 0.4 (4.5) 

Note. FrSBe = Frontal Systems Behavior Scale; MPAI-4 = Mayo-Portland Adaptability Inventory 4th 

Edition; CIQ = Community Integration Questionnaire; DASS = Depression, Anxiety and Stress Scale.   

^ FrSBe total scores were reversed.  

# n of Imputed mean = 61. 
a Mean self-rated demographically-corrected total FrSBe score = 95th percentile  
b Mean informant-rated demographically-corrected total FrSBe score = 96th percentile 
c Mean self-rated demographically-corrected total MPAI-4 score = 38th percentile 
d Mean informant-rated demographically-corrected total MPAI-4 score = 34th percentile 
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Table 5.3 

Pearson Correlations between the Metacognitive Variables and Functional Outcome 

Variables for Imputed and Raw Data 

 1. 2. 3. 4. 5.  

Metacognitive Variables       

1. Metacognitive Knowledge - .21 -.25    

2. Anticipatory Awareness .19 - .36†    

3. Emergent Awareness -.24 .37‡ -    

Functional Outcome Variables       

1. Self-rated MPAI-4 - -.16 .35 .02 .01  

2. Self-rated CIQ -.19 - .09 -.36 .67‡  

3. Self-rated DASS .37† .06 - .20 .14  

4. Informant-rated MPAI-4 .07 -.31 .14 - -.62‡  

5. Informant-rated CIQ -.05 .66‡ .13 -.60‡ -  

Note. N = 61, as included by Mplus in the final model. Correlations of imputed data are reported below the 

diagonal, while correlations of raw (pre-imputed) data are above the diagonal. MPAI-4 = Mayo-Portland 

Adaptability Inventory 4th Edition; CIQ = Community Integration Questionnaire; DASS = Depression, 

Anxiety and Stress Scale. 

† denotes p < .05. 

‡ denotes p < .01.  

 

Tables 5.4 to 5.8 show the standardized linear regression coefficients for each 

functional outcome variable (full imputation analyses), including the relative mode 

of assessing metacognition and absolute mode, respectively. Only the following 

regression coefficients were significant: (a) self-rated MPAI-4 regressed on 

metacognitive knowledge (relative), (b) self-rated MPAI-4 regressed on emergent 

awareness (relative), and (c) self-rated CIQ regressed on anticipatory awareness 

(absolute). These results were largely similar to the pre-imputed data analysis, which 
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was conducted as a post-hoc analysis, to be compared with the final analysis (see 

notes in Table 5.5 and Table 5.7). 

 

Table 5.4 

Standardized Linear Regression Coefficients for Self-Rated Overall Functional 

Outcomes (MPAI-4) Regressed on Metacognitive Variables as Assessed by the 

Relative and Absolute Methods 

 

Relative Regression 

Coefficient [95% CI] 

Absolute Regression 

Coefficient [95% CI] 

 

Self-Rated MPAI-4    

Metacognitive Knowledge -0.64, p = .001 

[-1.03 to -0.26] 

-0.02, p = .919 

[-0.37 to 0.34] 

 

Anticipatory Awareness 0.11, p = .575 

[-0.26 to 0.47] 

0.14, p = .285 

[-0.12 to 0.40] 

 

Emergent Awareness -0.45, p = .008 

[-0.77 to -0.12] 

-0.03, p = .864 

[-0.33 to 0.28] 

 

Note. CI = Confidence interval; MPAI-4 = Mayo-Portland Adaptability Inventory 4th Edition. 

 

Table 5.5 

Standardized Linear Regression Coefficients for Self-Rated Community Integration 

(CIQ) Regressed on Metacognitive Variables as Assessed by the Relative and 

Absolute Methods 

 

Relative Regression 

Coefficient [95% CI] 

Absolute Regression 

Coefficient [95% CI] 

 

Self-Rated CIQ    

Metacognitive Knowledge 0.09, p = .643 0.02, p = .889  
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[-0.29 to 0.48] [-0.28 to 0.32] 

Anticipatory Awareness 0.18, p = .390 

[-0.15 to 0.38] 

-0.27, p = .001 

[-0.44 to -0.11] 

 

Emergent Awareness 0.11, p = .479 

[-0.19 to 0.40] 

0.10, p = .343 

[-0.11 to 0.32] 

 

Note. CI = Confidence interval; CIQ = Community Integration Questionnaire. Using pre-imputed 

data, the absolute regression coefficient of self-rated CIQ on anticipatory awareness was -.23, p = .076 

(95% confidence interval:  -0.48 to 0.03). 

 

Table 5.6 

Standardized Linear Regression Coefficients for Self-Rated Negative Affect (DASS) 

Regressed on Metacognitive Variables as Assessed by the Relative and Absolute 

Methods 

 

Relative Regression 

Coefficient [95% CI] 

Absolute Regression 

Coefficient [95% CI] 

 

Self-Rated DASS    

Metacognitive Knowledge -0.28, p = .163 

[-0.66 to 0.11] 

0.13, p = .342 

[-0.13 to 0.39] 

 

Anticipatory Awareness -0.003, p = .988 

[-0.38 to 0.38] 

0.10, p = .550 

[-0.23 to 0.42] 

 

Emergent Awareness -0.15, p = .409 

[-0.52 to 0.20] 

-0.19, p = .202 

[-0.49 to 0.10] 

 

Note. CI = Confidence interval; DASS = Depression, Anxiety and Stress Scale. 
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Table 5.7 

Standardized Linear Regression Coefficients for Informant-Rated Overall Functional 

Outcomes (MPAI-4) Regressed on Metacognitive Variables as Assessed by the 

Relative and Absolute Methods 

 

Relative Regression 

Coefficient [95% CI] 

Absolute Regression 

Coefficient [95% CI] 

 

Informant-Rated MPAI-4    

Metacognitive Knowledge -0.37, p = .082 

[-0.78 to 0.05] 

-0.003, p = .988 

[-0.38 to 0.37] 

 

Anticipatory Awareness 0.03, p = .908 

[-0.42 to 0.47] 

0.01, p = .940 

[-0.35 to 0.37] 

 

Emergent Awareness -0.16, p = .387 

[-0.52 to 0.20] 

-0.03, p = .830 

[-0.31 to 0.25] 

 

Note. CI = Confidence interval; MPAI-4 = Mayo-Portland Adaptability Inventory 4th Edition. Using 

pre-imputed data, the relative regression coefficient of informant-rated MPAI-4 on metacognitive 

knowledge was -.44, p = .049 (95% confidence interval:  -0.88 to 0.01). 

 

Table 5.8 

Standardized Linear Regression Coefficients for Informant-Rated Community 

Integration (CIQ) Regressed on Metacognitive Variables as Assessed by the Relative 

and Absolute Methods 

 

Relative Regression 

Coefficient [95% CI] 

Absolute Regression 

Coefficient [95% CI] 

 

Informant-Rated CIQ    

Metacognitive Knowledge 0.24, p = .278 

[-0.19 to 0.67] 

0.03, p = .860 

[-0.34 to 0.41] 
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Anticipatory Awareness -0.05, p = .824 

[-0.48 to 0.38] 

-0.12, p = .453 

[-0.42 to 0.19] 

 

Emergent Awareness 0.22, p = .227 

[-0.14 to 0.58] 

0.09, p = .476 

[-0.17 to 0.35] 

 

Note. CI = Confidence interval; CIQ = Community Integration Questionnaire. 

 

5.5 Discussion 

This study investigated the associations between the three aspects of 

metacognition (i.e., metacognitive knowledge, anticipatory awareness and emergent 

awareness) and functional outcomes following ABI in adults. The discussion will 

begin with the interpretation of the correlations, followed by the main regression 

results, and the hypotheses. 

First, metacognitive knowledge was not associated with either anticipatory or 

emergent awareness. However, there was a significant relationship between 

anticipatory awareness and emergent awareness. These associations were similar to 

those reported by O’Keeffe et al. (2007), that is metacognitive knowledge was not 

associated with either emergent or anticipatory awareness, but a strong association 

between emergent and anticipatory awareness was found. Second, self-rated overall 

functional outcomes were associated with self-rated overall negative affect, 

suggesting that participants who had less negative affect had better self-rated overall 

functional outcomes. Third, participants rated by their informant as having better 

community integration also rated their own integration as better, which suggests that 

the participants generally had intact metacognitive knowledge regarding their 

community integration outcomes. In addition to the former, this finding may also be 

due to the relatively more objective assessment of activities rated in the CIQ (e.g., 

“Approximately how many times a month do you usually participate in shopping 
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outside your home?”). Fourth, informants who rated the participant’s community 

integration as good also rated their overall functional outcomes as better on the 

MPAI-4. This suggests that informants were consistent in their ratings of the 

individuals with ABI. However, a lack of a correlation between individuals with ABI 

and their informants on the MPAI-4 suggests that there exists a discrepancy which 

potentially represents a deficit in metacognitive knowledge due to the ABI. In 

addition, considering that the CIQ and MPAI-4 assess different functional outcome 

domains (i.e., CIQ assesses community integration while MPAI-4 assesses physical 

symptoms and abilities, affect and adjustment, and instrumental activities of daily 

living), these findings support the notion that metacognitive knowledge varies 

depending on the domain in question (Bivona et al., 2020). 

There were three significant results from the main regression analyses. These 

results will be explained within the context of their modality (i.e., metacognitive 

knowledge as assessed in the context of ratings about everyday executive 

functioning; anticipatory and emergent awareness as assessed in the context of a 

verbal memory / learning task) and scale (i.e., absolute or relative method of 

assessment). First, self-rated overall functional outcomes (MPAI-4) were associated 

with relative metacognitive knowledge. A negative regression coefficient implies 

that individuals who overestimated their executive functions (positively-biased 

metacognitive knowledge) had better self-rated overall functional outcomes. Second, 

self-rated overall functional outcomes (MPAI-4) was associated with relative 

emergent awareness. Again, those who overestimated their predictions based on 

previous performance on a memory task (positively-biased emergent awareness) had 

better self-rated overall functional outcomes. Third, self-rated community integration 

(CIQ) was associated with absolute anticipatory awareness. Individuals with intact 
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anticipatory awareness (i.e., those who made good predictions of their anticipated 

performance on a memory task) had better self-rated community integration 

outcomes compared to those who had positively- or negatively-biased anticipatory 

awareness.  

Based on these findings, two types of overestimations (i.e., both positively-

biased metacognitive knowledge and positively-biased emergent awareness) are each 

predictive of better self-rated overall functional outcomes. Furthermore, better 

memory-related awareness may be associated with better community integration as 

considered by the individual with ABI. It is possible that good awareness about how 

one would potentially do on a task may affect willingness to engage in or participate 

in community-related activities independently. This suggests that clinicians may 

tailor meta-memory strategies for individuals with ABI who struggle to integrate to 

their community post-injury (e.g., feedback interventions; see meta-analysis by 

Schmidt et al., 2011). Additionally, the clinical significance of these findings suggest 

that rehabilitation priorities could be aimed at individuals who underestimate their 

abilities (before considering those who overestimate their abilities), to possibly 

calibrate and reduce the discrepancy between their metacognitive estimations and 

actual abilities / performance on tasks.  

Of note, the majority of this study’s hypotheses were not supported. Based on 

the meta-analysis in Chapter 2, we hypothesized that better absolute metacognitive 

knowledge would be related to better overall functional outcomes. However, 

informant-rated overall functional outcomes (MPAI-4) scores, which are indicative 

of a third persons’ perspective of the affected individual’s functional outcomes, were 

not predicted by metacognitive knowledge. There was a suggestion that 

metacognitive knowledge was a potential predictor of overall functional outcomes, in 



 

Chapter 5: Metacognition and Functional Outcomes in Adults with Acquired Brain Injury 159 

that there did appear to be a small signal (i.e., upper limit of the regression 

coefficient confidence interval was close to zero). Nonetheless, the lack of sufficient 

sample sizes for informant-related data limits any conclusions about whether 

metacognitive knowledge is predictive of functional outcomes.  

Community integration outcomes, as rated from an informant’s perspective, 

were not associated with metacognitive knowledge. It is not immediately apparent 

why self- and informant-rated community integration (CIQ) scores were correlated, 

but only self-rated CIQ was associated with anticipatory awareness. When 

considering self- versus informant-ratings, Ocampo et al. (1997) noted similarities 

between more objective items on a range of questionnaires, whereas the lowest level 

of agreement was on subjective items. In particular, the social integration subscale of 

the CIQ had the lowest concordance. It may be possible that anticipatory awareness 

is predictive of the unique variance of the social integration subsection of the CIQ. 

This can be further explored in future studies with sample sizes large enough to 

permit extra analyses by functional outcome subdomain. 

Contrary to the hypotheses, negative affect was not related to any of the 

metacognitive subdomains. If this assumption holds, it suggests that efforts to 

improve metacognition via rehabilitation may not have an adverse effect on the 

individual’s overall affect. Although it may seem logical that improving awareness 

of deficits may lead to greater emotional distress (Wallace & Bogner, 2000), the 

results provide some assurance to clinicians that metacognitive rehabilitation is not 

related to increased negative affect (as corroborated by several studies; Malec & 

Moessner, 2000; Ownsworth & McFarland, 2004). Based on the meta-analysis in 

Chapter 2, an association was found between depression and metacognitive 

knowledge only. However, this study explored overall negative affect, which 
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includes anxiety and stress. As such, there could have been a significant association 

between the metacognitive subdomains with depression alone, but this could not be 

further explored due to limited power. 

It was hypothesized that individuals who had either negatively-biased 

anticipatory or emergent awareness would have better community integration. This 

hypothesis was not supported; no association between emergent awareness and 

community integration was found. Moreover, individuals who had poor anticipatory 

awareness (i.e., positively- or negatively- biased) had poorer self-rated community 

integration. Finally, there was no association of anticipatory and emergent awareness 

with informant-rated community integration. It is unclear why better anticipatory 

awareness would be associated with better self-rated community integration, given 

that anticipatory awareness was assessed on a word learning task. It would be easier 

to understand if metacognitive knowledge were associated with community 

integration as metacognitive knowledge is domain-general and encompasses the 

individuals’ general sense of their capabilities which is assumed to guide whether 

they would be more proactive or adverse to participate in community integration. 

Future studies examining the relationship between anticipatory awareness and 

community integration can utilize other domain-specific cognitive domains to assess 

anticipatory awareness, and determine if better prediction of pre-task performance 

would be associated with better community integration. 

The other notable findings of this study were the differences found between 

absolute and relative scales of assessing metacognition. This suggests that analyzing 

only one scale would result in an incomplete analysis due to the nature of how 

metacognition is measured. In particular, good metacognition exists in between the 

scale of negative and positive bias when assessed using the relative scale, while poor 
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metacognition (i.e., either negatively or positively biased) is opposed to intact 

metacognition in the absolute scale. In addition, both self-ratings and informant-

ratings should be taken into consideration when assessing functional outcomes, as 

the differences in opinions may differ due to subjectivity rather than as a result of 

impaired metacognition. 

5.5.1 Limitations and Future Research 

This study had a number of notable strengths. We addressed the shortcomings 

in the literature, by performing a comprehensive assessment of the three aspects of 

metacognition and measured multiple aspects of functional outcomes. While we tried 

to model these analyses simultaneously in the same individuals, this was noted to be 

ambitious, and would require a larger sample size for the study to be properly 

powered. As such, the findings should be considered to be an interim or pilot 

analysis. Once the parent study (i.e., ABI:RECOVER project) has recruited sufficient 

participants, the final analyses can be conducted with sufficient power. As described 

in the linking Chapter 3, the results are limited by a small sample size. Ideally, we 

would use more predictors of the aspects of metacognition (per the CFA in Chapter 

4) in order to derive latent variables of metacognitive knowledge, anticipatory 

awareness and emergent awareness. We would then assess the relationship between 

these latent variables and functional outcomes in adults with ABI. Instead, we 

reduced the number of predictors by choosing only the most representative variable 

(i.e., highest loading variable) of each of the three aspects of metacognition based on 

the CFA in Chapter 4. With the additional power, latent variables can be obtained by 

utilizing more predictors of metacognitive subdomains. Furthermore, the subsections 

of functional outcomes can be explored (e.g., depression subsection of the DASS, 

social subsection of the CIQ) instead of only using global scores. Despite recruitment 
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challenges, our approach to dealing with missing values maximized the available 

power. We also attempted to control for demographic covariates and used the 

regression-based normative approach to assess metacognition by Ng et al. (2018).  

While efforts have been utilized to overcome statistical shortcomings (e.g., 

using multiple imputations and robust maximum likelihood), the results of the study 

have to be interpreted cautiously, given the small sample size and missing data 

(particularly for informant-based data). In addition, injury-related variables such as 

injury severity and time since injury have not been considered and may pose as 

potential confounding factors. This analysis was also precluded due to the sample 

size limitations, and only demographic factors have been controlled as confounds of 

the outcome variables.  

Only the discrepancies in executive functioning ratings (i.e., the FrSBe) were 

used as indicators of metacognitive knowledge, and only one indicator from the word 

list learning task was selected for anticipatory and emergent awareness, respectively. 

However, metacognition has been suggested to also contain domain-general elements 

(Morales et al., 2018), which implies that additional indicators of metacognitive 

knowledge may be useful in future studies. In particular, memory-related 

questionnaires such as the Prospective Retrospective Memory Questionnaire 

(PRMQ; Crawford et al., 2006) can be used to measure the memory aspect of 

metacognitive knowledge. In addition, other domains of cognition can be used to 

assess anticipatory awareness and emergent awareness, such as on tasks of visual 

memory (e.g., Visual Reproduction subtest of the Wechsler Memory Scale; 

Wechsler, 2009) or executive function (e.g., Tower of London test; Shallice, 1989).  
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5.5.2 Conclusions 

This study found that individuals with ABI who assess themselves as having 

better overall functional outcomes tend to overestimate their assessment of their own 

daily executive functions (i.e., positively-biased metacognitive knowledge) and 

memory task-related performance during the task (i.e., positively-biased emergent 

awareness). This may have clinical and potentially medicolegal implications for 

taking into account self-ratings of one’s cognitive abilities during interviews, as 

over-estimators with ABI may portray a more favorable impression of their cognition 

and functioning as compared to reality. Furthermore, individuals with ABI who made 

better predictions of their performance prior to a memory task rated themselves to 

have better community integration outcomes. While there may have been a 

suggestion that positively-biased metacognitive knowledge was predictive of 

informant-rated overall functional outcomes, this result was not conclusive due to 

limitations in sample size. Nonetheless, future studies should take into account both 

relative and absolute scales of assessing metacognition, as well as consider both self- 

and informant-ratings when assessing functional outcomes. 
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6.1 Introduction 

The current thesis evaluated the validity of Toglia and Kirk’s (2000) model of 

metacognition and the role of metacognition in predicting functional outcomes 

following acquired brain injury (ABI) across a range of methodological approaches, 

including meta-analyses, a confirmatory factor analysis, and an observational study. 

Given that this thesis was written as a series of stand-alone papers, a brief summary 

of the results will be presented. This will be followed by a discussion of the major 

themes that have emerged from the studies, before a discussion of potential 

directions for future research.  

For the first study (Chapter 2), the extant literature was reviewed and 

analyzed meta-analytically to determine the current knowledge regarding the 

relationship between metacognition in predicting functional outcomes following 

ABI. It was discovered that the anticipatory and emergent awareness subdomains of 

Toglia and Kirk’s model were inadequately studied, and only metacognitive 

knowledge was able to be evaluated using the meta-analyses. The results of the meta-

analysis in Chapter 2 suggested that individuals with intact metacognitive knowledge 

(i.e., little to no discrepancy between self-ratings and informant-ratings) tended to 

have better overall functional outcomes. More specifically, over-estimators of 

general abilities (i.e., positively-biased metacognitive knowledge) tended to have 

better self-reported quality of life and lesser depressive symptoms. On the contrary, 

under-estimators of general abilities tended to have better work-related outcomes. 

However, only small effect sizes were found, and significant effects were only 

present when considering moderating factors such as type of brain injury, age, type 

of rater (e.g., informant or clinician), and rehabilitation status.  
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The second study (Chapter 4) aimed to better study the components of 

metacognition in Toglia and Kirk’s (2000) model of metacognition. Using a 

confirmatory factor analysis, we evaluated the validity of Toglia and Kirk’s (2000) 

three-factor model of metacognition. From a sample of community-dwelling older 

adults, the results in Chapter 4 provided support for Toglia and Kirk’s (2000) three-

factor model of metacognition, suggesting that the three aspects of metacognition are 

unique but inter-related constructs. The study also supported the use of the 

regression-based method (i.e., obtaining discrepancies between self- and informant-

ratings relative to the norm; Ng et al., 2018) to assess the domains of metacognition, 

and the use of the three-factor model in future metacognitive studies. 

The third study (Chapter 5) aimed to understand the relationship between 

metacognition and functional outcomes after an ABI in adults, using a regression-

based structural equation model. Specifically, while much is known about the 

association between metacognitive knowledge and functional outcomes, Study 3 

aimed to conduct an in-depth exploration of the association of both anticipatory and 

emergent awareness with functional outcomes. This study was further informed by 

the results of Study 2, which identified multiple measures to represent all three 

aspects of metacognition in Toglia and Kirk’s model. In detail, Study 3 utilized the 

highest loading factors of each subdomain of metacognition identified in Study 2’s 

confirmatory factor analysis, in order to overcome the limitation of a small sample 

size. The results of Study 3 showed that following an ABI, those who overestimated 

their metacognitive knowledge and emergent awareness assessed themselves as 

having better overall functional outcomes. Furthermore, those who had intact 

anticipatory awareness rated themselves as having better community integration. A 

potential real-world implication is that clinical and medicolegal interviews would be 
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benefited by cautiously interpreting self-reports of one’s cognitive abilities, as over-

estimators with ABI may portray a more favorable impression of their cognition and 

functioning as compared to reality. 

6.2 Major Themes of the Thesis, and Corresponding Implications and 

Future Directions 

Several themes relating to the key findings emerged from this program of 

research into metacognition and will be discussed in turn below: (a) relative versus 

absolute scales of measuring metacognition; (b) domain-centricity versus domain-

generality of metacognition; (c) self-ratings versus informant- or clinician-ratings; 

(d) Non-TBI versus TBI versus healthy older adults; and (e) Toglia and Kirk’s model 

of metacognition versus other models. 

6.2.1 Relative versus Absolute Scales Measuring Metacognition.  

Few studies have explicitly compared both relative (i.e., ranging from a 

negative bias to intact metacognition to a positive bias) and absolute (i.e., ranging 

from intact metacognition to poor metacognition) approaches in the assessment of 

metacognition in the same group of individuals. Of the studies included in the meta-

analysis in Chapter 2, only three studies reported both types of scales (Llorens et al., 

2015; Ownsworth et al., 2007; Roberts et al., 2006). Given our findings, it is 

recommended that studies intending to assess the relationship between metacognition 

and functional outcomes should not rely solely on metacognition as measured by the 

relative scale. As explained in the discussion of the meta-analysis in Chapter 2 (see 

Table 2.3), utilizing both relative and absolute scales can aid in the interpretation of 

the shape of the relationship between metacognition and functional outcomes, more 

than relying on either scale alone. An examination of the combined effect of relative 

and absolute scales regressed on outcomes will reveal more information about 



 

Chapter 6: General Discussion 173 

possible nonlinear relationships (e.g., better outcomes relating to better 

metacognitive knowledge but poorer outcomes relating to both over- and under-

estimation of abilities).  

However, as in the case of the regression analysis in Chapter 5, if 

metacognition is assessed using a relative scale alone, applying a mathematical 

absolute function to the relative scale may capture more subtle patterns of its 

relationship with functional outcomes. This is because poor metacognition can be 

dichotomized into either under- or over-estimation (i.e., negative or positive 

discrepancy values), and using a discrepancy method would result in intact 

metacognition (i.e., scores close to zero) being placed in between poor metacognition 

values. As seen in Figure 6.1, a non-significant relationship, as assessed by the 

relative scale, may not mean that there is no relationship present. This may be due to 

individuals with either negatively- or positively-biased metacognition having similar 

outcomes, but in contrast to those with intact metacognition. Because of the nature of 

the relative scale (i.e., ranging from a negative bias to intact metacognition to a 

positive bias), there would not be a significant relationship (i.e., blue regression line). 

Conversely, this scenario would result in a significant relationship if an absolute 

scale were used (i.e., green regression line; when a mathematical absolute function is 

applied to negative values). 
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Figure 6.1. Illustration of Differences in Regression Lines (regressing functional 

outcome on metacognition) depending on whether Metacognition is Measured using 

the Relative Scale (blue) or Absolute Scale (green; by making negative relative 

scores positive via a mathematical absolute function). 

 

Future studies can include both absolute and relative approaches in the 

assessment of metacognitive subdomains as per Toglia and Kirk’s (2000) model. 

Given a sufficient sample size, we would intend to include additional indicators of 

metacognitive knowledge utilizing the absolute scale, such as the Self-Awareness 

Deficit Interview (SADI; Fleming et al., 1996). Studies can also compare the 

equivalence of absolute indicators with applying a mathematical absolute function 

(as conducted in Chapter 5) to a metacognitive knowledge indicator as measured by 

the absolute scale (e.g., SADI).  

As for emergent awareness, studies have used error monitoring to assess self-

monitoring and self-regulation. Dockree et al. (2015) calculated the proportion of 

aware versus unaware errors of commission on the Dual-task Attention to Response 

Test and Error Awareness Task to determine emergent awareness. Other examples 
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include getting participants to verbalize when they make errors on continuous 

performance tests (O'Keeffe et al., 2007b), or considering the ratio of errors to total 

attempts on verbal generation and visuospatial generation tasks (Robertson & 

Schmitter-Edgecombe, 2015). Other means of assessing error monitoring 

methodology include using a questionnaire (e.g., Self-Regulation Skills Interview; 

Ownsworth et al., 2000), or asking direct questions about self-regulation (e.g., “how 

well do you think you did on the task”; Abreu et al., 2001).  

Such methods of measuring emergent awareness are using the absolute scale, 

as they are only able to differentiate between people who have good emergent 

awareness (i.e., able to detect errors) versus poor emergent awareness (i.e., poor error 

detection). Future studies can compare the equivalence of such error-counting 

measures, versus emergent awareness as assessed by the relative scale using the 

regression-based method by Ng et al. (2018). This comparison will serve as a 

validation of these methods as to whether they are viable alternatives to assess 

metacognition. 

6.2.2 Domain-Specificity versus Domain-Generality of Metacognition.  

Early studies on the unawareness of deficits post-brain injury have focused on 

the physical / motor aspects due to the saliency of anosognosia for hemiplegia (e.g., 

Levine, 1990). Later on, researchers began to focus on the more ‘hidden’ aspects of 

metacognitive awareness of cognitive functions (Prigatano & Klonoff, 1998). 

Research has since evolved to investigate further subdivisions of domains within 

metacognition of higher-order thinking skills. To this extent, there have been 

arguments that metacognition is domain-specific (e.g., meta-memory vs. meta-

executive function), with supporting neuroanatomical evidence (McCurdy et al., 

2013), cognitive / neuropsychological evidence (Fleming et al., 2014) and behavioral 
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/ functional evidence (Hilgenstock et al., 2014). Others have argued that 

metacognition is governed by a common hub (Cole et al., 2013), with experimental 

evidence of positive associations of metacognitive efficiencies across the visual, 

auditory and tactile modalities (Faivre et al., 2018). Nonetheless, these two 

contrasting views are not mutually exclusive. Morales et al. (2018) postulate that 

metacognition is both domain-specific and domain-centric, with a central hub 

governing generic confidence levels and combining it with task-related information 

to regulate their performance via the selection of appropriate strategies. This 

postulation maps on to Toglia and Kirk’s (2000) model, whereby metacognitive 

knowledge corresponds to the domain-central component, and anticipatory 

awareness and emergent awareness correspond to the domain-specific component 

depending on the task domain. 

Future studies could consider aligning the cognitive domain of metacognitive 

knowledge with the cognitive domains of both anticipatory awareness and emergent 

awareness. For example, the regression analysis in Chapter 5 utilized metacognitive 

knowledge as determined by discrepancies of executive function, whereas 

anticipatory awareness and emergent awareness were determined using verbal 

memory tasks. Metacognitive knowledge can be measured using memory-based 

questionnaires such as the Prospective Retrospective Memory Questionnaire 

(Crawford et al., 2006). Other cognitive domains for anticipatory awareness and 

emergent awareness can also be measured, such as prospective memory (i.e., 

remembering to perform an action in the future) using a meta-memory task (Ng et 

al., 2018), or predicting performance on speeded problem-solving tasks administered 

with repetitions.  
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6.2.3 Self-Ratings versus Informant- or Clinician-Ratings.  

Differences in the types of raters of metacognition (e.g., self, informant or 

clinician) have been discussed in the general introduction, and this discussion will 

delve more into the differences between raters of functional outcomes, as suggested 

by the meta-analysis in Chapter 2 and the regression study in Chapter 5.   

The history of the debate regarding the usefulness of self-reports date back to 

the 1940s (Chan, 2009). Self-reports of functional outcomes are prone to the social 

desirability bias and have been criticized for a lack of construct validity and the 

inflation of inter-correlations due to common method variance (i.e., monomethod 

bias; Chan, 2009). Nonetheless, they can be practical in the research context when 

informants are not available (Robins et al., 2009), and is vital for the measurement of 

metacognition. However, for individuals with ABI, their self-reports may be 

additionally influenced by deficits in metacognition due to the brain injury. 

Nonetheless, the regression analysis in Chapter 5 reveals that utilizing self-reports of 

functional outcome may shed additional light to the more subjective and personal 

aspects of outcomes, such as quality of life and affect. However, due to limitations in 

sample size only global or pooled outcomes were analyzed. Future studies can 

further analyze by the subdomains of each questionnaire (e.g., changes in physical 

and cognitive abilities in the MPAI-4; social functioning in the CIQ; depressive 

symptoms in the DASS), which provides additional dimensions of functional 

outcomes. 

Informant-reports, while prone to social desirability bias too, might portray 

an overly positive outlook of the individual with ABI (Malec, 2004). Conversely, 

they might exaggerate symptoms in order to elicit help, or as a result of caregiver 

stress (Malec, 2004). Other arguments against informant ratings include the 
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informant’s own level of negative affect that might bias their perspective (Maclean et 

al., 2000). Nonetheless, the assessment of metacognition is based on the assumption 

that informant-reports are accurate, and that discrepancies with self-rating are due to 

metacognitive knowledge deficits. 

Clinician-reports are also subject to rater bias and may not be an accurate 

portrayal of the functional outcomes, given that they lack familiarity relative to a 

family member or close friend (Wise et al., 2005). Nonetheless, a direct comparison 

of informant and clinician reports by Sherer, Hart and Nick (2003) suggest that both 

informants’ and clinicians’ reports reflect accurate functional outcomes, and the 

discrepancy with self-report is a fair depiction of deficits in metacognitive 

knowledge. Future studies could rely on objective measures of functional outcome, 

such as status of return to work, study, or number of community involvement and 

leisure activities.  

6.2.4 Non-Traumatic Brain Injury (TBI) versus TBI versus Healthy 

Older Adults.  

Differences in type of ABI have been noted in the meta-analysis in Chapter 2, 

whereby individuals with non-traumatic brain injury (TBI) who over-estimated their 

metacognitive knowledge had better self-reported quality of life. While differences in 

injury mechanism and recovery trajectory are different between those who have had 

a stroke versus those with traumatic brain injury (Elliott & Parente, 2014), direct 

comparisons between these two types of ABI were not possible due to limitations in 

sample size.  

Healthy older adults were used in the confirmatory factor analysis in Chapter 

4, due to lack of access to a sufficient number of participants with ABI. However, 

this allowed for a comparison of the correlation matrix between the two population 
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groups. In the healthy older adults, metacognitive knowledge was correlated with 

anticipatory awareness, and anticipatory awareness was correlated with emergent 

awareness. In participants with ABI, only anticipatory awareness was correlated with 

emergent awareness. These correlations were similar in the regression study in 

Chapter 5, as well as studies in the literature (O'Keeffe et al., 2007a; Robertson & 

Schmitter-Edgecombe, 2015). It may be possible that the domain-general 

metacognitive knowledge ability may be impacted such that individuals with ABI are 

unable to utilize their self-awareness to predict and regulate their performance during 

tasks. A comparison confirmatory factor analysis could be conducted using 

participants with ABI to corroborate the findings, and identify differences between 

ABI and healthy older adults, with the added consideration that both positively- and 

negatively-biased metacognition can be evident in healthy older adult samples (Clare 

et al., 2010). In Chapter 4, measurement invariance across gender was also found 

when measuring metacognitive knowledge as determined by differences in ratings of 

everyday executive functioning. We recommend a similar measurement invariance 

analysis to determine if this difference in gender is limited to healthy older adults, or 

if it is generalizable to individuals with ABI. Such a study may help to shed light on 

the differences between both sample populations and hopefully to better understand 

how metacognition differs.  

6.2.5 Toglia and Kirk’s Model of Metacognition versus Other Models.  

This thesis provided empirical support to the factor structure of Toglia and 

Kirk’s (2000) model of metacognition, over and above Crosson et al.’s (1989) 

Pyramidal Model of Awareness. However, contextual factors that Toglia and Kirk 

listed, such as fatigue, motivation, task difficulty, task characteristics, 

meaningfulness and value have not been considered. Abreu et al. (2001) suggested 
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that the literature is inconclusive about a single theoretical framework to explain 

deficits in metacognition, but that there are three models that exist (i.e., cognitive, 

psychodynamic, and neurophysiologic). Ownsworth et al. (2006) proposed a 

biopsychosocial model which explains that deficits in metacognition can be due to 

neurocognitive factors, psychological factors and the socio-environmental context. 

The neurocognitive factors map broadly to the three aspects of metacognition. The 

psychological factors include changes in functioning that the individual cannot deal 

with emotionally (e.g., denial), or are difficult to make sense of. The socio-

environmental factors include the context of the assessment, whereby individuals 

may not want to disclose their problems as they feel they may stand to lose, or if they 

have not had the opportunity to recognize changes, or if their cultural values affect 

how they respond. Future studies can assess these other factors that may influence 

responses on true metacognition questionnaires and tests.  

6.3 Directions for Future Research.  

Our comprehensive search of the literature revealed a lack of studies 

assessing the relationship between functional outcomes with anticipatory and 

emergent awareness. As the body of literature focusing on these relationships grows, 

future meta-analyses can be conducted to quantitatively assess these relationships. 

This will provide researchers and clinicians with pooled empirical evidence to target 

interventions toward the subdomain of metacognition that is associated with poorer 

functional outcomes in ABI. 

Metacognition in individuals with ABI may vary across different factors. 

Their metacognition may differ across the aspects of metacognition (i.e., 

metacognitive knowledge vs. anticipatory awareness vs. emergent awareness). 

Fleming, Strong and Ashton (1998) performed a cluster analytic study in individuals 
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with ABI identifying groups with: (a) high self-awareness (good metacognitive 

knowledge, high emotional distress and poor functional outcomes), (b) low self-

awareness (poor metacognitive knowledge, low emotional distress and poor 

functional outcomes), and (c) good recovery (with good metacognitive knowledge 

and good functional outcomes). The authors concluded that the high self-awareness 

group was no better than the low self-awareness group in terms of outcomes because 

of their emotional distress. However, the study only focused on metacognitive 

knowledge, and only relied on self-reports and interviews.  

Another cluster analysis of individuals with ABI, by Ownsworth et al. (2007), 

identified four awareness typologies: (a) poor self-awareness (poor metacognitive 

knowledge and error monitoring), (b) high defensiveness (under-reporting of 

deficits), (c) high symptom reporting (over-reporting of deficits), and (d) good self-

awareness. This study utilized assessment of metacognition across two domains, 

including metacognitive knowledge and emergent awareness. Overall, they found 

that the low self-awareness group had poorer psychosocial outcomes as well as 

weaker abilities to live independently compared to the good self-awareness and high 

symptom reporting groups. Also, those who reported high levels of symptoms 

displayed more deficits in interpersonal relationships than those who over-estimated 

their deficits (Ownsworth et al., 2007). Although these cluster analyses included 

different metacognitive dimensions, they did not analyze these clusters based on the 

three aspects of metacognition. Additionally, the regression analysis in Chapter 5 

was only able to analyze how each individual subdomain of metacognition was able 

to predict functional outcomes, but not how different patterns of metacognitive 

strengths and deficits (e.g., intact metacognitive knowledge but poor anticipatory and 

emergent awareness; or poor metacognitive knowledge and anticipatory awareness 
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but intact emergent awareness) may have been predictive of functional outcomes 

after an ABI. 

Future studies may consider performing a cluster analysis to reveal 

potentially different groups of metacognitive patterns. The studies can also further 

analyze how each cluster of metacognitive patterns would predict functional 

outcomes. Such an analysis may guide future rehabilitation efforts to focus on one or 

two metacognitive domains, rather than spending efforts to work on all three at once. 

A sample size of 5 * 2k (where k = number of variables) is recommended for a valid 

cluster analysis (Dolnicar, 2002). As such, if a minimum of two indicators are 

selected for each subdomain of metacognition, 320 participants are recommended. 

To date, there has been no consensus on the means by which metacognition is 

assessed. Furthermore, the assessment of online awareness has mainly relied on 

cognitive tasks limited to specific cognitive or behavioral functions (e.g., tasks of 

inhibition and selective attention such as the sustained attention to response task). 

However, Bivona et al. (2020) proposed the Self-Awareness Multilevel Assessment 

Scale (SAMAS), which assesses the three aspects of metacognition (i.e., 

metacognitive knowledge, anticipatory awareness, and emergent awareness) across 

various domains of functioning (e.g., physical, psychological / behavioral, 

cognition). The SAMAS is an 8-item rating scale that is rated by both clinician / 

therapist and informant, with responses including “0” (good self-awareness), “1” 

(able to recognize difficulties after being prompted) or “2” (impaired self-

awareness). By means of regression analyses, the study demonstrated significant 

associations between total SAMAS scores and the clinical judgement of an expert 

neuropsychologist across all aspects of metacognition (Bivona et al., 2020). The 
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authors pointed out that further validation studies are required due to the small 

sample size of this preliminary study.  

Lastly, intervention studies can be conducted to investigate if improvements 

in metacognition will lead to better functional outcomes following an ABI. 

Clinicians recognize that impaired metacognition may adversely affect an 

individual’s receptiveness towards rehabilitation efforts, and that improving 

metacognition is vital to improving functional outcomes (Fleming & Ownsworth, 

2006). Recommended interventions include cognitive neurorehabilitation, multi-

contextual treatment approaches (combining feedback of prediction on performance 

with structured experiences; Toglia, 1998), educative processes (including direct 

teaching and role reversal), direct and experiential feedback, behavioral therapy, 

psychotherapy, listing of one’s strengths and weaknesses, and post-performance 

ratings (Fleming & Ownsworth, 2006; Lucas & M. Fleming, 2005).  

Evidence supporting the efficacy of metacognitive strategies and techniques 

to improve the three aspects of metacognition has been accumulating. For example, 

Schmidt et al. (2012) used a video and verbal feedback on a functional task and 

found improvements in metacognitive knowledge and emergent awareness after the 

intervention. More recently, the international cognitive working group (INCOG) 

found strong evidence to recommend the provision of direct corrective feedback for 

individuals with TBI who have metacognitive knowledge deficits, and metacognitive 

strategies targeted at emergent awareness by incorporating feedback in future task 

performance (Tate et al., 2014). Using pre- to post- intervention regression analyses, 

future interventional studies could identify how such improvements in metacognition 

may relate to overall functional outcomes and community integration. 
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6.4 Conclusions 

To sum up, this thesis contributes to our understanding of the three aspects of 

metacognition as set out by Toglia and Kirk (2000), in terms of assessment (i.e., by 

cognitive domain, and by relative and absolute scales) and analysis (i.e., using Ng et 

al.’s [2018] regression-based method), as well as highlighting how these domains 

may relate to functional outcomes following an ABI in adults. The findings of the 

meta-analysis provide evidence for the relationship between metacognitive 

knowledge and overall functional outcomes, and some support for a focus on 

improving metacognitive knowledge in post-ABI rehabilitation. However, cautious 

interpretation is warranted given the small effect sizes. The confirmatory factor 

analysis provides support for the factor structure of Toglia and Kirk’s (2000) model 

of metacognition, and for Ng et al.’s (2018) regression-based method of assessing 

metacognition. While limited by sample size, the results of the regression analysis 

suggest that over-estimators of general abilities (i.e., positively-biased metacognitive 

knowledge) and over-estimators of performance regulation (i.e., positively-biased 

emergent awareness) rate themselves to have better overall functional outcomes. 

Additionally, having intact anticipatory awareness would be related to better self-

rated community integration, suggesting that there may be potential benefits in 

targeting this domain of metacognition in future rehabilitation efforts. Nonetheless, 

further research is required to support the efficacy of targeting the other aspects of 

metacognition in future rehabilitation efforts, and such recommendations have been 

outlined above. It is hoped that the current body of work has contributed to a better 

understanding of the assessment and analysis of the three aspects of metacognition, 

as well as how metacognition is related to functional outcomes in adults with ABI. 
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Listed below are the detailed search terms used in the literature search. The 

proximity operators (i.e., ADJ vs. NEAR) used varied between databases, and the 

exclusion criteria was used when limits could not be applied to the search results. 

1. Acquired Brain Injury 

(((head OR brain OR crani* OR cerebr*) ADJ2 (injur* OR trauma* OR incident* 

OR accident* OR damage*)) OR concussi* OR (brain ADJ ischemi*) OR stroke* 

OR (diffuse axonal injur*) OR TBI OR ABI OR ABD) 

2. Metacognition 

(meta-cognit* OR meta*cognit* OR meta-memory OR self-aware* OR aware* OR 

unaware* OR insight* OR anosognosia OR self-monitor* OR self-evaluat* OR self-

regulat* OR self-appraisal* OR self-knowledge OR self-predict*)  

3. Functional Outcome 

(outcome* OR function* OR (activit* ADJ3 daily living) OR prognos* OR 

(community ADJ3 integration) OR (quality ADJ3 life) OR (return ADJ3 work) OR 

ADL OR IADL OR (negative ADJ affect) OR depressi* OR anxi* OR mood) 

4. Exclusion Criteria 

(child* OR paediatric* OR (older NEAR/1 adults) OR geriatric* OR aged OR 

animal*) 
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Table 2.B1.  

Demographic Data and Correlations of the Absolute Studies 

First author 
of paper 

Year 
Publication 

Type 
Study 

Population 
n 

Age 
(M) 

% 
Male 

Time 

since 
Injury 

(months) 

Loss of 

Consciousness 

(days) 

Post-

Traumatic 
Amnesia 

(Days) 

Education 

Clinician 

/Informant 

Rating 

Measures of 

Metacognitive 

Knowledge 

Measures 

of 
Functional 

Outcome 

Functional 

Outcome 

Categories 

Correlations 

Juengst^ 2011 A Non-TBI 
14, 

58.8 70 0.48 - - - C SADI 
HDRS, Depression, -.71, 

18 FIM F&CI .12 

Kortte 2003 J Non-TBI 27 33.2 65 4.3 - - 13.04 C CRS ISA BDI-II Depression .03 

Llorens^ 2015 J TBI 42 41.7 64.3 7.5 - - - C SADI SSS F&CI -.07 

Ownsworth^ 2006 J Non-TBI 50 38.4 68 51.6 - - 12.9 C SRSI-A 

HADS-

Anx, 
Anxiety, -.06, 

HADS-

Dep 
Depression -.24 

Ownsworth 2007 J Non-TBI 

84 

38.4 67.4 46.8 - - 12.4 I SADI 

HADS-

Anx, 
Anxiety, .01, 

BHS, 

Depression, 

-.14, 

HADS-

Dep, 
.02, 

81 SPRS F&CI 

-.29, 

-.25, 

-.42 

Roberts 2006 J Non-TBI 30 43.5 53.3 41.97 - - 11.48 C SADIa 

HADS-

Anx, 
Anxiety, -.26b, 

HADS-

Dep Depression 
-.34b, 

BDI-II -.31b 

Wise 2005 J Non-TBI 38 38.3 71.05 51.6 - - 13.2 I SADI 

WSRS 

Work 

.48, 

SPRS 
-.31, 

-.26 

Note. n = number of participants in each correlation analysis. M = mean. Publication type: A = abstract; J = journal article. Study population: Non-TBI = Non-traumatic brain 

injury; TBI = traumatic brain injury. Clinician/Informant Rating: C = clinician rating of participant’s performance; I = informant/non-clinician rating of participant’s 

performance. Measures of Metacognitive Knowledge: SADI = Self-Awareness of Deficits Interview (Fleming et al., 1996); CRS ISA = Clinician’s Ratings Scale for 

Evaluating Impaired Self-Awareness and Denial of Disability After Brain Injury (Prigatano & Klonoff, 1998); SRSI-A = Awareness index from the Self-Regulation Skills 

Interview (Ownsworth et al., 2000). Measures of Functional Outcome: HDRS = Hamilton Depression Rating Scale (Hamilton, 1986); FIM = Functional Independence 

Measure (Hamilton, Granger, Sherwin, Zielezny, & Tashman, 1987) ; BDI-II = Beck Depression Inventory, second edition (Beck et al., 1996); SSS = Social Skills Scale 

(Gismero, 2000); HADS-Anx = Anxiety index from the Hospital Anxiety Depression Scale (Zigmond & Snaith, 1983); HADS-Dep = Depression index from the Hospital 

Anxiety Depression Scale (Zigmond & Snaith, 1983); BHS = Beck Hopelessness Scale (Beck & Steer, 1988); SPRS = Sydney Psychosocial Reintegration Scale (Tate et al., 

1999); WSRS = Work Status Rating Scale (Wise et al., 2005). Functional Outcome Categories: F&CI = Family and Community Integration functional outcome sub-category.  
a All correlations are Pearson’s r except where noted. b Goal setting subcomponent only. c Spearman’s ρ (non-parametric correlation). 

^ Information obtained from personal communication. 
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Table 2.C1.  

Demographic Data and Correlations of the Relative Studies 

First author 
of paper 

Year 
Publication 

Type 
Study 

Population 
n 

Age 
(M) 

% 
Male 

Time 

since 
Injury 

(months) 

Loss of 

Consciousness 

(days) 

Post-

Traumatic 
Amnesia 

(Days) 

Education 

Clinician 

/Informant 

Rating 

Measure(s) of 

Metacognitive 

Knowledge 

Measure(s) 

of 
Functional 

Outcome 

Functional 

Outcome 

Categories 

Correlations 

Azouvi 2005 J TBI 20 30.1 90 69.5 - - - I PCRS SQLP Other QoL -.35a 

Bivona^ 2008 J TBI 37 32.3 78 49.2 31.7 150.6 12.6 I AQ 
GOS-E, 

F&CI 
-.12, 

DRS -.03 

Carroll 2011 J TBI 29 46.3 72 134.04 - - - 
C, 

AQ HADS-Dep Depression 
.38, 

I .27 

Ciurli 2010 J TBI 52 30.6 85 10.8 - 60 12.2 I PCRS 

NPI 
Mixed 

Affect 
-.12, 

DRS 
F&CI 

-.09, 

GOS-E -.15 

Cocchini 2013 J Non-TBI 21 60.9 66.7 10.3 - - 9 I VATA-L 
BDI-R, 

Depression 
.57, 

HRSD-R .26 

Goverover 2014 J TBI 30 40 66.7 108.6 - - 13.9 I AQ 

CMDI, Depression .36b, 

SF-12, F&CI .43b, 

SWLS Other QoL .41b 

Hartman-

Maeir 
2002 J Non-TBI 60 57.4 73.3 43.35 - - 10.3 C AI FIM-Cog F&CI -.57c 

Kervick 2002 T TBI 103 36.4 48.5 34.82 6.07 - - I NIS-GMI SPRS 
F&CI 

-.42, 

-.34, 

Work -.16 

Llorens 2015 J TBI 42 41.7 64.3 7.5 - - - I PCRS SSS F&CI -.10 

McBrinn 2008 J Non-TBI 45 40.6 77.8 33.12 - - - C 
AQ, 

HADS 
Mixed 

Affect 

.71d 

DEX .70d 

Olson 1990 T Non-TBI 36 34.7 69.4 0.27 - - 12.48 C 

PCRS 

STAI-State 

Anxiety 

-.05 (day 1) 

-.39 (day 2) 

POMS-

Anx 

-.10 (day 1) 

-.33 (day 2) 

POMS-Dep Depression 
.01 (day 1) 

-.25 (day 2) 

PAOFI 

STAI-State 

Anxiety 

-.19 (day 1) 

-.35 (day 2) 

POMS-

Anx 

-.31 (day 1) 

-.34 (day 2) 

POMS-Dep Depression -.23 (day 1) 
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-.23 (day 2) 

Ownsworth 2007 J Non-TBI 81 38.4 67.4 46.8 - - 12.4 I AQ 

HADS-

Anx, 
Anxiety .12 

BHS, 

Depression 

-.06 

HADS-

Dep, 
.04 

SPRS F&CI 

-.27 

-.19 

-.44 

Roberts 2006 J Non-TBI 30 43.5 53.3 41.97 - - 11.48 C AQ 

HADS-

Anx 
Anxiety .11 

HADS-Dep  
Depression 

-.04 

BDI-II .08 

Sasse 2013 J TBI 141 45.3 70.9 - - - - I PCRS-NR 

HADS-
Anx 

Anxiety .21a 

HADS-Dep Depression .20a 

SF-36-

MCS 
F&CI .27a 

QOLIBRI Other QoL .23a 

Schmidt 2012 J TBI 54 40 85.2 48 - - - C AQ 

DASS-Anx Anxiety -.17a 

DASS-Dep Depression .16a 

DASS-

Stress 

Mixed 

Affect 
.07a 

Smeets 2014 J Non-TBI 

58, 

45.5 67.7 134.4 - - - 

C, 
AQ, 

PHQ9 Depression 

.35e 

89, PCRS, .42e 

40, 
I 

AQ, .28e 

67 PCRS .29e 

Trudel 1998 J TBI 63 29.3 79 - - 67.52 - C SIB 

SIB-BI 
F&CI 

-.66f 

RC -.25f 

VC Work -.33f 

Wallace 1999 T Non-TBI 
49, 

34.8 78 24 - - - I PCRS 
BAI Anxiety .32 

46 BDI Depression .41 

Wise 2005 J Non-TBI 38 38.3 71.05 51.6 - - 13.2 I AQ 

WSRS 

Work 

.19 

SPRS-CW -.19 

SPRS-WS .02 

Note. n = number of participants in each correlation analysis. M = mean. Publication type: J = journal article; T = thesis. Study population: TBI = traumatic brain injury; Non-

TBI = non-traumatic brain injury. Clinician/Informant Rating: C = clinician rating of participant’s performance; I = informant/non-clinician rating of participant’s 

performance. Measures of Metacognitive Knowledge: PCRS = Patient Competency Rating Scale (Prigatano et al., 1986); AQ = Awareness Questionnaire (Sherer et al., 

1995); VATA-L = Visual-Analogue Test for Anosognosia for Language Impairment (Cocchini, Gregg, Beschin, Dean, & Sala, 2010); AI = Awareness Interview (Anderson 

& Tranel, 1989); NIS-GMI = Global Measure of Impairment summary measure from the Neuropsychological Impairment Scale (O'Donnell, Reynolds, & de Soto, 1983); 

DEX = Dysexecutive Questionnaire (Burgess, Alderman, Wilson, Evans, & Emslie, 1996); PAOFI = Patient Assessment of Own Functioning Inventory (Heaton & 

Pendleton, 1981); PCRS-NR = Patient Competency Rating Scale for Neurorehabilitation (Borgaro & Prigatano, 2003); SIB = Scales of Independent Behavior (Bruininks, 
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Woodcock, Weatherman, & Hill, 1985). Measures of Functional Outcome: SQLP = Subjective Quality of Life Profile (Gerin, Dazord, Boissel, & Chifflet, 1992); GOS-E = 

Glasgow Outcome Scale – Extended (Wilson et al., 1998); DRS = Disability Rating Scale (Rappaport, Hall, Hopkins, Belleza, & Cope, 1982); HADS-Dep = Depression 

index from the Hospital Anxiety Depression Scale (Zigmond & Snaith, 1983); NPI = Neuropsychiatric Inventory (Cummings et al., 1994); BDI-R = Beck Depression 

Inventory, revised (Torta & Monaco, 2001); HRSD-R = Hamilton Rating Scale for Depression, revised (Torta & Monaco, 2001); CMDI = Chicago Multiscale Depression 

Inventory (Nyenhuis & Luchetta, 1998); SF-12 = The Health Status Questionnaire (Ware Jr, Kosinski, & Keller, 1996); SWLS = The Satisfaction with Life Scale (Diener, 

Emmons, Larsen, & Griffin, 1985); FIM-Cog = Cognition subscale from the Functional Independence Measure (Hamilton et al., 1987); SPRS = Sydney Psychosocial 

Reintegration Scale (Tate et al., 1999); SSS = Social Skills Scale (Gismero, 2000); HADS = Hospital Anxiety Depression Scale (Zigmond & Snaith, 1983); STAI-State = 

State-related anxiety subscale from the State and Trait Anxiety Inventory (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983); POMS-Anx = Anxiety subscale from the 

Profile of Mood State (McNair, Lorr, & Droppleman, 1981); HADS-Anx = Anxiety index from the Hospital Anxiety Depression Scale (Zigmond & Snaith, 1983); BHS = 

Beck Hopelessness Scale (Beck & Steer, 1988); BDI-II = Beck Depression Inventory, second edition (Beck et al., 1996); SF-36-MCS = Mental Component Summary 

subscale from the Short Form-36 Health Survey (Ware Jr & Sherbourne, 1992); QOLIBRI = Quality of Life After Brain Injury (von Steinbüchel et al., 2005); DASS-Anx = 

Anxiety subscale from the Depression Anxiety Stress Scale (DASS-21; Lovibond & Lovibond, 1993); DASS-Dep = Depression subscale from the DASS-21; DASS-Stress = 

Stress subscale from the DASS-21; PHQ9 = Patient Health Questionnaire-9 (Kroenke, Spitzer, & Williams, 2001); SIB-BI = Broad Independence index from the Scales of 

Independent Behavior (Bruininks et al., 1985); RC = Residential Classification (classified as independent, semi-independent, and dependent; Trudel, Tryon, & Purdum, 

1998); VC = Vocational Classification (classified as competitive, non-competitive, and unemployed; Trudel et al., 1998); BAI = Beck Anxiety Inventory (Beck, Epstein, 

Brown, & Steer, 1988); BDI = Beck Depression Inventory (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961); WSRS = Work Status Rating Scale (Wise et al., 2005); SPRS-

CW = Current Work subscale from the Sydney Psychosocial Reintegration Scale (Tate et al., 1999); SPRS-WS = Work Skills subscale from the Sydney Psychosocial 

Reintegration Scale (Tate et al., 1999). Functional Outcome Categories: Other QoL = Other Quality of Life functional outcome sub-category; F&CI = Family and 

Community Integration functional outcome sub-category; Mixed Affect = Mixed Affect-related Quality of Life functional outcome sub-category.  
a All correlations are Pearson’s r except where noted. b Spearman’s ρ (non-parametric correlation). c Partial correlations controlled for time since injury and injury severity. d 

Back-transformed average of Fisher’s Z value for the Left Hemisphere Damage and Right Hemisphere Damage groups. e Derived from means, n, and standard deviations by 

comparing the group that underestimated their performance versus the group that overestimated their performance. f Regression beta value controlled for age, sex and 

education. g Regression beta value controlling for age, duration of past traumatic amnesia, Wechsler Adult Intelligence Scale-Revised Full-Scale IQ index, Wechsler Adult 

Intelligence Scale-Revised Freedom from Distractibility index, Wechsler Memory Scale-Revised General Memory index, Wisconsin Card Sorting Test number of 

perseverative responses. 

^ Information obtained from personal communication. 
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The following figures are listed by functional outcome domains (e.g., Figure 

2.D1, 2.D2), with subgroups by discrepancy methodology (i.e., absolute or relative; 

e.g., Figure 2.D1.1 for absolute and Figure 2.D1.2 for relative studies respectively). 

Within each figure dyad, a forest plot and funnel plot are presented respectively (e.g., 

Figure 2.D1.1a being a forest plot and Figure 2.D1.1b being a funnel plot). 

 

 

Figure 2.D1.1a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Overall Functional Outcomes (Absolute Studies). 

 

Figure 2.D1.1b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Overall Functional Outcomes (Absolute Studies). 
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Figure 2.D1.2a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Overall Functional Outcomes (Relative Studies). 

 

Figure 2.D1.2b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Overall Functional Outcomes (Relative Studies). 
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Figure 2.D2.2a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Overall Quality of Life (Relative Studies). 

 

Figure 2.D2.2b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Overall Quality of Life (Relative Studies). 

 

Figure 2.D3.2a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Other Quality of Life-Related Outcomes (Relative 

Studies). 
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Figure 2.D3.2b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Other Quality of Life-Related Outcomes (Relative Studies). 

 

Figure 2.D4.1a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Overall Affect-Related Quality of Life (Absolute 

Studies). 
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Figure 2.D4.1b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Overall Affect-Related Quality of Life (Absolute Studies). 

 

Figure 2.D4.2a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Overall Affect-Related Quality of Life (Relative 

Studies). 
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Figure 2.D4.2b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Overall Affect-Related Quality of Life (Relative Studies). 

 

 

Figure 2.D5.1a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Anxiety-Related Outcomes (Absolute Studies). 

  



 

Appendix 2.D: Forest Plots and Funnel Plots of the Absolute Studies for Each Meta-Analysis 205 

 

Figure 2.D5.1b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Anxiety-Related Outcomes (Absolute Studies). 

 

Figure 2.D5.2a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Anxiety-Related Outcomes (Relative Studies). 
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Figure 2.D5.2b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Anxiety-Related Outcomes (Relative Studies). 

 

 

Figure 2.D6.1a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Depression-Related Outcomes (Absolute Studies). 
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Figure 2.D6.1b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Depression-Related Outcomes (Absolute Studies). 

 

Figure 2.D6.2a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Depression-Related Outcomes (Relative Studies). 
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Figure 2.D6.2b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Depression-Related Outcomes (Relative Studies). 

 

 

Figure 2.D7.1a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Overall Everyday Functioning Outcomes (Absolute 

Studies). 

  



 

Appendix 2.D: Forest Plots and Funnel Plots of the Absolute Studies for Each Meta-Analysis 209 

 

Figure 2.D7.1b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Overall Everyday Functioning Outcomes (Absolute Studies). 

 

Figure 2.D7.2a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Overall Everyday Functioning Outcomes (Relative 

Studies). 
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Figure 2.D7.2b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Overall Everyday Functioning Outcomes (Relative Studies). 

 

 

Figure 2.D8.1a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Family and Community Integration Outcomes 

(Absolute Studies). 
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Figure 2.D8.1b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Family and Community Integration Outcomes (Absolute Studies). 

 

Figure 2.D8.2a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Family and Community Integration Outcomes 

(Relative Studies). 
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Figure 2.D8.2b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Family and Community Integration Outcomes (Relative Studies). 

 

Figure 2.D9.1a. Forest Plot of Individual and Overall Correlations Between 

Metacognitive Knowledge and Work-Related Outcomes (Relative Studies). 
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Figure 2.D9.1b. Funnel Plot for Correlations Between Metacognitive Knowledge 

and Work-Related Outcomes (Relative Studies). 
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Moderation Analyses for the Absolute Studies 

Subgroup and meta-regression analyses were not conducted as none of the 

analyses revealed significant heterogeneity. 

Moderation Analyses for the Relative Studies 

Overall. Subgroup analyses for the overall meta-analysis demonstrated no 

difference in correlations according to the predefined subgroups (i.e., correlation 

type, rater type, or population type). Meta-regression analyses revealed that none of 

the specified covariates (i.e., gender, age, time since injury or years of education) 

were significant predictors of the relationship between metacognitive knowledge and 

everyday functioning. 

Quality of life. The 13 studies reporting overall quality of life outcomes 

demonstrated subgroup differences according to: (a) correlation type, (b) rater type, 

and (c) population type. There was no significant relationship between metacognitive 

knowledge and overall quality of life outcomes when considering Pearson’s 

correlation coefficients (k = 8; pooled correlation = .21, 95% CI: -.04 to .44, p = 

.094). Subgroup analyses for Spearman’s rank correlation coefficients and β weight 

or partial correlations were precluded due to insufficient studies. There was also no 

significant relationship when considering informant ratings of abilities (k = 8; pooled 

correlation = .14, 95% CI: -.02 to .29, p = .091). The subgroup analysis for clinician 

ratings was precluded due to insufficient studies. While there was no significant 

relationship when considering participants who had a TBI (k = 6; pooled correlation 

= .10, 95% CI: -.09 to .28, p = .318), participants who had a non-TBI showed a 

significant relationship between metacognitive knowledge and overall quality of life-

related outcomes (k = 7; pooled correlation = .26, 95% CI: .01 to .49, p = .041), 

suggesting that suggesting that individuals with a non-TBI who over-estimated their 
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performance had better overall quality of life outcomes, followed by individuals who 

had good metacognitive knowledge, who in turn had better overall quality of life 

outcomes than individuals who under-estimated their performance.  

Meta-regression revealed that age was a small, but significant predictor of the 

relationship between metacognitive knowledge and overall quality of life (k = 13, 

Q(1) = 4.05, β = .02, p = .044), with increasing sample mean age associated with 

larger positive correlations (see Figure 4), suggesting that, relative to younger adults, 

older adults who over-estimated their performance had better overall quality of life 

outcomes, followed by older adults who had good metacognitive knowledge, who in 

turn had better overall quality of life outcomes than older adults who under-estimated 

their performance. 

Affect-related quality of life. Similar to the overall quality of life outcomes, 

the 12 studies reporting affect-related quality of life outcomes demonstrated 

subgroup differences according to: (a) correlation type, (b) rater type, and (c) 

population type. There was no significant relationship between metacognitive 

knowledge and affect-related quality of life outcomes when considering Pearson’s 

correlation coefficients (k = 8; pooled correlation = .21, 95% CI: -.04 to .44, p = 

.094). Subgroup analyses for Spearman’s rank correlation coefficients and β weight 

or partial correlations were precluded due to insufficient studies. In contrast to the 

overall quality of life outcomes, there was a significant relationship between 

metacognitive knowledge and affect-related quality of life outcomes when 

considering informant ratings of abilities (k = 7; pooled correlation = .17, 95% CI: 

.03 to .31, p = .020; Q(6) = 11.01, p = .088, I2 = 45.52%), suggesting that, relative to 

informants’ ratings, individuals who over-estimated their performance had better 

affect-related quality of life outcomes, followed by individuals who had good 
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metacognitive knowledge, who in turn had better affect-related quality of life 

outcomes than individuals who under-estimated their performance. Subgroup 

analysis for clinician ratings was precluded due to insufficient studies. While there 

was no significant relationship when considering participants who had a TBI (k = 5; 

pooled correlation = .14, 95% CI: -.03 to .30, p = .098), participants who had a non-

TBI showed a significant relationship between metacognitive knowledge and affect-

related quality of life outcomes (k = 7; pooled correlation = .26, 95% CI: .01 to .49, p 

= .041; Q(6) = 29.43, p < .001, I2 = 79.61%), suggesting that individuals with a non-

TBI who over-estimated their performance had better affect-related quality of life 

outcomes, followed by individuals who had good metacognitive knowledge, who in 

turn had better affect-related quality of life outcomes than individuals who under-

estimated their performance.  

Meta-regression analyses revealed that none of the specified covariates were 

significant predictors of the relationship between metacognitive knowledge and 

overall affect-related quality of life outcomes. 

Other quality of life-related outcomes. Moderator analyses were precluded 

due to the limited number of studies. 

Everyday functioning. The 10 studies reporting overall, everyday 

functioning outcomes demonstrated differences in correlations according to 

correlation type. There was a significant relationship between metacognitive 

knowledge and everyday functioning outcomes when considering Pearson’s 

correlation coefficients alone (k = 7; pooled correlation = -.24, 95% CI: -.38 to -.09, 

p = .003; Q(6) = 14.82, p = .022, I2 = 59.50%), suggesting that individuals who 

under-estimated their performance had better overall everyday functioning outcomes, 

followed by individuals who had good metacognitive knowledge, who in turn had 



 

Appendix 2.E: Moderation Analyses 218 

better overall everyday functioning outcomes than individuals who over-estimated 

their performance. Subgroup analyses for Spearman’s rank correlation coefficients 

and β weight or partial correlations were precluded due to insufficient studies.  

Meta-regression analyses were precluded due to the limited number of 

studies. 

Family and community integration. Subgroup analyses and meta-regression 

results for the family and community integration outcomes were similar in 

comparison to overall everyday functioning outcomes.  

Work-related outcomes. Moderator analyses were precluded due to the 

limited number of studies. 

 



 

Appendix 4.A: Supplementary Material for the Confirmatory Factor Analysis 219 

 

Appendix 4.A: Supplementary Material for the 

Confirmatory Factor Analysis 



 

Appendix 5.A: Preliminary Regression Results for the Regression Study 220 

 
Note. ** p < .01; *** p < .001. 

 

Figure 4.A1. Path diagram of the one-factor model. 
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Table 4.A1.  

Goodness-of-fit indices of the measurement invariance models for age 

 χ² df p CFI TLI 
RMSEA 

[95% CI] 
SRMR AIC BIC 

Configural 29.36 34 .694 1.00 1.04 .000 [.000 - .087] .07 3080 3214 

Metric 39.77 39 .436 1.00 .99 .021 [.000 - .108] .09 3080 3201 

Scalar 51.74 44 .197 .96 .95 .063 [.000 - .124] .10 3082 3191 

Note. CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean squared error of approximation; 

SRMR = SRMR = standardized root mean squared residual; AIC = Akaike's information criterion; BIC = Bayesian 

information criterion. Recommended criteria (Hu & Bentler, 1999) for CFI/TLI: > .95; RMSEA: < .06; SRMR: <.08; 

Smallest AIC and BIC are indicative of the most parsimonious model.  

 

Table 4.A2.  

Goodness-of-fit indices of the measurement invariance models for education 

 χ² df p CFI TLI 
RMSEA 

[95% CI] 
SRMR AIC BIC 

Configural 35.45 34 .400 .99 .99 .031 [.000 - .115] .06 3083 3217 

Metric 38.37 39 .498 1.00 1.00 .000 [.000 - .102] .07 3076 3197 

Scalar 41.32 44 .587 1.00 1.02 .000 [.000 - .091] .08 3069 3178 

Note. CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean squared error of approximation; 

SRMR = SRMR = standardized root mean squared residual; AIC = Akaike's information criterion; BIC = Bayesian 

information criterion. Recommended criteria (Hu & Bentler, 1999) for CFI/TLI: > .95; RMSEA: < .06; SRMR: <.08; 

Smallest AIC and BIC are indicative of the most parsimonious model.  
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Appendix 5.A: Preliminary Regression Results to 

Determine Metacognitive Variables and Functional 

Outcomes for the Regression Study 
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To determine the metacognitive knowledge, anticipatory awareness, and emergent 

awareness variables, three separate regressions were conducted. For metacognitive 

knowledge, self-ratings on the FrSBe total present-rating raw score were regressed on 

informant-ratings, β = .42, t(26) = 2.34, p = .028. For anticipatory awareness, predictions of 

the RBANS word list recall Trial 1 were regressed on Trial 1 performance, β = .21, t(56) = 

1.62, p = .111. For emergent awareness, predictions of the RBANS word list recall Trial 3 

were regressed on Trial 3 performance, β = .75, t(57) = 8.48, p < .001. 

 In order to correct for demographic variables, unstandardized residuals were saved 

from the following regression analyses. Tables 5.A1 to 5.A5 report the regressions of 

functional outcomes on age, gender and education for each of the five functional outcomes. 

 

Table 5.A1. 

Summary of Regression Analysis to Partial Out Variance of Demographic Variables on Self-

rated Overall Functional Outcomes (MPAI-4). 

Effect Estimate SE β 95% CI p 

 LL UL 

Intercept 57.8 6.8 - 44.2 71.3 <.001 

Age -0.04 0.1 -.06 -0.2 0.1 .634 

Gender^ -2.3 2.2 -.14 -6.8 2.2 .305 

Years of Education -0.4 0.4 -.15 -1.2 0.3 .255 

Note. n = 61, MPAI-4 = Mayo-Portland Adaptability Inventory 4th Edition; SE = standard error; CI = 

confidence interval of estimate; LL = lower limit; UL = upper limit. ^ Gender was coded as males = 1, 

females = 2. 
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Table 5.A2. 

Summary of Regression Analysis to Partial Out Variance of Demographic Variables on Self-

rated Community Integration (CIQ). 

Effect Estimate SE β 95% CI p 

 LL UL 

Intercept 14.1 4.0 - 6.1 22.2 .001 

Age -0.1 0.04 -.31 -0.2 -0.03 .012 

Gender^ 2.8 1.3 .25 0.2 5.4 .039 

Years of Education 0.4 0.2 .19 -0.1 0.8 .114 

Note. n = 61, CIQ = Community Integration Questionnaire; SE = standard error; CI = confidence interval of 

estimate; LL = lower limit; UL = upper limit. ^ Gender was coded as males = 1, females = 2. 

 

Table 5.A3. 

Summary of Regression Analysis to Partial Out Variance of Demographic Variables on Self-

rated Negative Affect (DASS). 

Effect Estimate SE β 95% CI p 

 LL UL 

Intercept 90.7 19.8 - 50.9 130.4 <.001 

Age -0.3 0.2 -.18 -0.8 0.1 .150 

Gender^ -14.8 6.3 -.29 -27.6 -2.1 .023 

Years of Education -2.0 1.1 -.22 -4.2 0.3 .083 

Note. n = 58, DASS = Depression, Anxiety and Stress Scale; SE = standard error; CI = confidence interval of 

estimate; LL = lower limit; UL = upper limit. ^ Gender was coded as males = 1, females = 2. 
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Table 5.A4. 

Summary of Regression Analysis to Partial Out Variance of Demographic Variables on 

Informant-rated Overall Functional Outcomes (MPAI-4). 

Effect Estimate SE β 95% CI p 

 LL UL 

Intercept 63.7 14.1 - 34.8 92.6 <.001 

Age 0.04 0.1 .05 -0.2 0.3 .783 

Gender^ -9.5 4.2 -.40 -18.1 -0.9 .032 

Years of Education -0.6 0.6 -.17 -2.0 0.7 .341 

Note. n = 31, MPAI-4 = Mayo-Portland Adaptability Inventory 4th Edition; SE = standard error; CI = 

confidence interval of estimate; LL = lower limit; UL = upper limit. ^ Gender was coded as males = 1, 

females = 2. 

 

Table 5.A5. 

Summary of Regression Analysis to Partial Out Variance of Demographic Variables on 

Informant-rated Community Integration (CIQ). 

Effect Estimate SE β 95% CI p 

 LL UL 

Intercept 7.8 6.0 - -4.4 20.1 .202 

Age -0.1 0.1 -.20 -0.2 0.05 .208 

Gender^ 4.9 1.8 .44 1.3 8.6 .009 

Years of Education 0.4 0.3 .25 -0.1 1.01 .117 

Note. n = 32, CIQ = Community Integration Questionnaire; SE = standard error; CI = confidence interval of 

estimate; LL = lower limit; UL = upper limit. ^ Gender was coded as males = 1, females = 2. 

 

 




