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Abstract v 

Abstract 

Recovery following Acquired Brain Injury (ABI) can vary extensively among 

affected individuals, particularly with respect to ongoing cognitive, social, emotional 

and behavioural difficulties. In this respect, predicting everyday functioning 

following ABI, that is the individual’s ability to participate in leisure activities, live 

independently, or return to work, can be difficult. The literature has revealed that 

neuropsychological predictors play an important role in predicting functional 

outcome, however this literature remains inconsistent, and limited. Many 

neuropsychological domains, such as prospective memory, despite the relationship 

with everyday living and activities, have only briefly been considered in the literature 

with respect to their ability to predict outcome.  

Prospective Memory (PM) refers to the ability to remember to perform an 

intended action in the future and is considered to be required in up to 80% of 

everyday memory tasks. PM has been confirmed to be impaired in individuals with 

ABI from diverse aetiologies. To this end, evaluating the extent to which PM can 

predict functioning following ABI is important, not only for the purpose of 

prognosis, but to determine the extent to which an individual may learn to 

compensate for PM failures, and engage in rehabilitation to improve PM 

performance.  

Given the above, this thesis comprises three studies investigating PM in ABI, 

with the aims of: 1) Meta-analytically reviewing the current literature with respect to 

neuropsychological predictors of everyday functional outcomes following ABI; 2) 

Comprehensively measuring PM in an ABI population to evaluate the extent to 

which PM can predict everyday functioning; and 3) exploring the extent to which 
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brief interventions can improve PM performance amongst individuals recovering 

from ABI.   

 Chapter 2 comprised a meta-analysis, including multiple regression, of 23 

studies to evaluate the capacity of various neuropsychological domains to predict two 

separate outcome variables amongst adults with stroke and other non-traumatic ABI: 

(1) activities of daily living; and (2) quality of life.  Significant bivariate effects were 

found with the neuropsychological domains of memory, language, attention, 

executive functions and visuospatial abilities. Meta-analytic structural equation 

modelling identified attention and visuospatial abilities to be significant unique 

predictors of activities of daily living; however, no neuropsychological domains were 

found to be significant predictors of quality of life. This paper highlighted that 

further research is required to explore the utility of novel neuropsychological 

domains, such as PM, in predicting everyday functional outcomes. 

 In chapter 3, performance on PM tasks was explored with respect to its ability 

to predict everyday functioning in a sample of 43 men and 29 women (aged 18-69) 

with ABI (primarily with traumatic brain injury, stroke, infection, tumour resection 

and hypoxia), as measured by the Mayo-Portland Adaptability Inventory. PM was 

measured using well-validated measures of both time- (TB) and event-based (EB) 

PM, embedded in an ongoing task, as well as self- and knowledgeable informant 

ratings of everyday PM failures. Results indicated that reported everyday PM failures 

predicted aspects of everyday functioning, including participation, abilities and 

adjustment following ABI. With regard to objectively measured PM, EB, but not TB 

PM was correlated with everyday functioning – but these relationships did not hold 

after controlling for other measures of executive functions.  It was also found that 

individuals with poorer  everyday functioning were unable to perform both the 
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ongoing task and PM tasks simultaneously. This was reflected in reduced accuracy 

on the ongoing task associated with adequate PM performance.  

 In chapter 4, we explored the utility of a single-session intervention to 

improve EB PM performance in the 72 individuals with ABI from study 2. Two 

interventions were considered; Goal Management Training (GMT), and 

Implementation Intentions (II). In the EB PM task, participants were randomly 

divided into one of three conditions; 1) a control (no intervention) condition, 2) II 

and 3) GMT. Participants in the II and GMT groups had their PM performance 

compared from baseline, to ascertain whether performance had improved post-

intervention. Unexpectedly, findings indicated that PM performance did not improve, 

despite the interventions. The prospect of inadequate training in the interventions, 

misunderstanding of intervention instructions, and the nature of the EB PM task were 

explored as potentially accounting for this finding.  

 In summary, this thesis sought to evaluate the unique utility of 

neuropsychological domains in predicting everyday functioning following ABI, with 

a particular focus on PM. This thesis contributes to the PM literature, as well as the 

wider ABI literature, and highlights the need for further research to support a 

complex, at-risk population. It is hoped that future research considers the 

recommendations made in this thesis to further develop a promising area of study.   
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Acquired Brain Injury (ABI) refers to damage to the brain the occurs after 

birth, that is not associated with a degenerative disease, or congenital defect (Brain 

Injury Association of WA [Headwest], 2012). ABI can lead to a variety of 

difficulties, including but not limited to, cognitive, physical and behavioural 

impairment. Furthermore, ABI can have a profound impact on the lives of the 

individual having suffered the ABI as well as their friends and family. Given the 

complex nature of ABI and ABI recovery, it is important that research consider 

methods of predicting outcome following injury, to improve methods of prognosis, 

recovery and rehabilitation efforts. To this end, neuropsychological domains such as 

executive functions, memory, attention and visuospatial abilities, have shown 

promise in predicting outcome following ABI (e.g. Martyr & Clare, 2012; Jefferson et 

al., 2008). This is true for mild, moderate and severe brain injury in predicting factors 

such as return to work status, activities of daily living and quality of life (Shum, 

Fleming & Neulinger, 2002). Prospective memory (PM), that is the ability to 

remember to perform an action in the future, is one such neuropsychological domain 

that despite being found to be impaired following ABI, has been poorly researched as 

a potential predictor of daily functional outcomes. This is important as PM is closely 

linked to everyday functioning, and deficits can have a profound impact on daily life 

(Fleming, Shum, Strong & Lightbody, 2005). This chapter will first outline the 

complexity of ABI and its impact on the individual and society at large, before 

discussing the importance of outcome prediction. Given that this thesis will be 

focusing on PM, this chapter will then define PM in the context of its component 

processes, before detailing how PM is most commonly measured in clinical 

populations. Following this, the chapter will outline the prevalence of PM deficits in 

ABI and the potential of utilising PM assessments to predict everyday functioning. 
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Finally, rehabilitation in ABI will be discussed, including approaches to improving 

PM in individuals with marked PM deficits.  

1.1 Acquired Brain Injury (ABI) 

The main causes of ABI are Traumatic Brain Injury (TBI), when an external 

force causes injury to the brain, cerebrovascular accidents, disease or infection, and 

hypoxia (Brain Injury Australia, 2016). According to the Australian Bureau of 

Statistics, in 2003 approximately 1 in 45 Australians (2.2% of the population) 

experienced an ABI causing functional limitations, with three-quarters of those being 

under the age of 65 (Australian Institute of Health and Welfare [AIHW], 2007). That 

same year, more disability and health difficulties were reported in individuals with 

ABI than any other disability group, and over one-third of individuals with ABI that 

were under the age of 65 required assistance with cognitive and/or emotional tasks 

(AIHW, 2007). These estimates are considered conservative as not all people with 

ABI present for treatment, ABI is not often recorded at the initial intake, and 

disability surveys often fail to record ABI as the main disabling condition (Headwest, 

2012). Estimates suggest that of 15 million individuals who suffer an ABI each year, 

nearly two-thirds will survive with ongoing limitations to their daily life (AIHW, 

2007).  

The impact of ABI on everyday functioning can be complex, profound, and 

disabling. In Australia, of those living with an ABI, approximately 36% will 

experience physical disability (80%), psychiatric disability (42%), sensory or speech 

disabilities (39%) and intellectual disability (29%) (AIHW, 2007). In 2007, more 

than 26% of individuals with ABI reported three or more of those disabilities 

(AIHW, 2007). ABI can also have a significant impact on friendship and family 

networks, as 30% of individuals with an ABI under the age of 65, require assistance 



Chapter 1: Acquired Brain Injury in Adults, and the Impact of Prospective Memory on Outcome 4 

with at least one core activity (mobility, self-care, communication) (AIHW, 2007).  

Individuals who are 65 years or over with an ABI, are significantly more likely to 

need assistance with cognitive difficulties and quality of life (AIHW, 2007).  

The financial costs of ABI are also significant. A study in 2010 found the 

total cost of TBI alone to be $8.6 billion per year in Australia (Laborde, 2000; Collie 

et al., 2010). It is suggested that at least six groups will experience a financial impact 

on account of a singular ABI; the individual, family and friends, employers, the 

government, state and local governments and society (not-for-profit organisations, 

workers’ compensation groups, insurance companies etc) (Deloitte Access 

Economics [DAE], 2013). The total health system expenditure in 2012 for stroke in 

Australia, was estimated to be approximately $881 million (DEA, 2013), with the 

personal burden (individual, family and friends) estimated to be 18.3% of this total 

cost.  

Given the significant social, emotional and financial burden of ABI, it is 

important to focus on factors that predict everyday functional outcomes following 

ABI. Functional outcomes refer to an individual’s ability to live independently, 

engage with the community or in leisure activities, or return to daily activities or 

work. It is often classified into categories of disability, impairment and perceived 

quality of life (Barker-Collo & Feigin, 2006), and is determined by considering the 

neurophysiological consequences of the pathology of ABI (Wade, 1992). For 

example, an individual who has suffered a stroke leading to impaired mobility may 

experience disability associated with using their upper and lower limbs, which would 

result in difficulty with walking, dressing, writing and mobility. This could lead to 

difficulties returning to work, which could have significant financial repercussions as 

well as affecting health-related quality of life and overall wellbeing. Being able to 
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predict functional outcome is therefore essential for the planning and provision of 

health-related services, implementing appropriate interventions, and improving the 

decision-making process for health-care professionals.  

1.1.1 Predictors of outcome in Acquired Brain Injury 

Previous research has studied a variety of factors considered to predict functional 

outcome following ABI such as, severity of head injury (Atchison et al, 2004; Dawson, 

Schwartz, Winocur & Stuss, 2007), length of coma (Ruff et al., 1993), age (Lezniak, 

Bak, Czepiel, Seniow & Czlonkowska, 2008; Steyerberg et al., 2008), mood and 

emotional status (McCauley et al., 2013; Wood & Rutterford, 2006), demographic 

predictors such as pre-injury education and employment status (Ponsford et al, 2008), 

gender (Farace & Alves, 2000; Wood & Rutterford, 2006), and level of family and social 

support (Leach, Frank, Bouman & Farmer, 1993; Sander, Caroselli, Becker, Neese & 

Scheibel, 2002). Recently, neuropsychological domains have shown promise as 

important predictors of daily functional outcome following ABI. For example, executive 

functions have been found to predict independence in both basic and instrumental 

activities of daily living (Martyr & Clare, 2012; Cahn-Weiner, Boyle & Malloy, 2002). 

Memory, both short- and long-term, have demonstrated significant associations with 

measures of functional outcome (Jefferson et al., 2008; Ryan et al., 1992) and studies 

have demonstrated that individual components of memory have produced varying results 

(e.g. visual and verbal memory, Nys et al., 2005). Other studies have demonstrated 

significant findings with daily functional outcome as predicted by visuospatial abilities 

(Perry & Hodges, 2000), attention (Hyndman & Ashburn, 2003; Freilich & Hyer, 2007) 

and language (Chahal, Barker-Collo, & Feigin, 2011).  

Despite an emerging literature looking at cognitive predictors of daily functional 

outcome following ABI, the measurement of cognitive domains has been problematic. 

One common limitation has been the use of a global, or screening measures of cognition 
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to measure outcome. The Mini Mental State Exam, or the Montreal Cognitive 

Assessment are frequently used to predict outcome following ABI (Kauranen, Turunen, 

Laari, Mustanoja, Baumann & Potiainen, 2013; Geubbels, Nusselein, van Heugten & 

Rasin, 2015). Screening measures have a limited utility as they only provide an estimate 

of cognitive ability rather than provide a more detailed picture of specific cognitive 

functioning, which is important in predicting rehabilitation efforts (Coen, Robertson, 

Kenny & King-Kallimanis, 2016). Despite this, screening measures have demonstrated 

success in predicting return to work (Kauranen et al., 2013), level of dependence (Man, 

Tam & Hui-Chan, 2009) and discharge destination (Geubells et al., 2015) among others. 

A recent meta-analysis by Allanson et al., (2017) found that immediate and 

delayed verbal memory, visuo-spatial construction, set-shifting and generativity were 

correlated with the Glasgow Outcome Scale-Extended in individuals with TBI. They 

suggested that a comprehensive measurement of neuropsychological functioning is 

important, and that neuropsychological domains need to be investigated with respect to 

their ability to predict real-world functioning (Allanson et al., 2017).  Specifically, 

Allanson et al., (2017) suggested that neuropsychological domains requiring additional 

attention in the literature were executive functions and prospective memory, given that 

both neuropsychological domains have shown promise in the literature in the prediction 

of real-world functioning, and in rehabilitation efforts for TBI. Despite these results, no 

other meta-analyses exist looking at the ability of neuropsychological domains to predict 

long-term functioning following non-traumatic ABI. As such, the first study in this 

thesis, will review the literature in this domain. 

1.2 Prospective Memory 

As indicated, prospective memory is one such neuropsychological domain that is 

important in the prediction of daily functioning and outcome following ABI and will be 
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the focus of this thesis. As such, a detailed outline of prospective memory follows in this 

section.  

Prospective memory (PM) refers to the ability to remember to perform an intended 

action in the future and is posited to be integral to leading and maintaining an 

autonomous, independent life (Martin, Kliegel & McDaniel, 2003). PM is a complex 

cognitive process that requires the coordination of multiple cognitive domains and 

neuropsychological systems (Kliegel, Martin, McDaniel & Einstein, 2004). PM 

performance is proposed to depend upon the prefrontal systems, and the executive 

functions that are served by these systems (Martin et al., 2003). The PM process requires 

four phases; forming an intention, preserving the intention, retrieving the intended action 

from our memory stores, and subsequently executing the intention (Kliegel, Martin, 

McDaniel & Einstein, 2002). PM processes can also be discriminated between two 

components; a) a retrospective memory component, required to encode the intention 

itself, as well as the context of retrieval, and b) a prospective component, to monitor for 

cues in the environment that will indicate when the action should be executed 

(Zimmermann & Meier, 2006).  

1.2.1 Models of Prospective Memory 

Several approaches have been theorised to explain the process of PM, such as the 

Multi-Process Theory (McDaniel & Einstein, 2000), the Preparatory Attentional and 

Memory Theory (Smith, 2003; Smith and Bayen, 2004), and the Attentional Allocation 

Policy Theory (Marsh, Hicks & Cook, 2003). Here we will focus on the Multi-Process 

Theory and the Preparatory Attentional and Memory Theory.  

The Multi-Process Theory (MPT). Successful prospective remembering requires 

many cognitive constructs and executive functions in order to avoid PM failure. The 

cognitive skills and resources required to successfully complete a PM task vary 

depending on a number of characteristics of each given task. For example, evidence 
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suggests that individuals engage in processes such as monitoring and/or rehearsal in 

situations requiring PM, and these processes are essential in carrying out successful PM 

tasks (McDaniel & Einstein, 2007). Conversely, additional evidence suggests that PM 

retrieval can occur spontaneously, without the requirement of monitoring or rehearsal 

(McDaniel & Einstein, 2007). To this end, McDaniel and Einstein (2007) posited that 

implementation of PM could be either time-based, or event-based. PM tasks with time-

based cues require enacting an intention at a particular time, or after a period of time has 

lapsed – therefore often requiring greater levels of strategic monitoring. Those with 

event-based cues require enacting the intention in response to a particular event (or cue), 

such as remembering to tell your colleague about a missed phone call when you see her 

(Smith, 2003). If all other task characteristics are equal, event-based PM tasks are 

considered less effortful and more spontaneous, as less strategic monitoring is required. 

The Multi-Process Theory (MPT) was developed to account for event-based PM tasks 

and assumes that certain situations will enable spontaneous retrieval while others will 

require strategy implementation (McDaniel & Einstein, 2000).  

A third type of PM was proposed by Kvavilashvili and Ellis (1996); activity-based 

PM, which refers to the recalling of information that is triggered by one’s own behavior. 

For example, taking medication every day following breakfast, or taking out the trash 

after your TV show has finished.  

There are three general assumptions of the MPT. The first assumes that several 

processes support PM; including strategic monitoring for an environmental cue or target 

event, and spontaneous retrieval, which relies on the cue or target event to initiate a 

reflexive response (McDaniel & Einstein, 2007). The second assumption of MPT 

suggests that the effectiveness of PM depends upon the characteristics of the PM task 

and the individual. McDaniel and Einstein refer to these as “target cue” characteristics 

and suggest that some cues will be more likely to lead to spontaneous retrieval than 
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others. For example, if the PM task is associated with a particular context (e.g. 

remembering to buy paint while passing a paint store), the individual might be less likely 

to monitor for an environmental cue and instead rely on the context to spontaneously 

trigger their PM. Alternatively, if spontaneous retrieval is unlikely, the individual will be 

more likely to monitor (McDaniel & Einstein, 2007). Furthermore, if the target cue is 

distinctive in comparison to other surrounding cues (e.g. being asked to detect a word in 

capital letters among other words in lower case letters), this is likely to result in better 

PM task performance (McDaniel & Einstein, 2007). The third assumption of MPT is that 

individuals tend to rely on spontaneous retrieval rather than constant monitoring due to 

the effort required in the latter process (McDaniel & Einstein, 2007). This final 

assumption also suggests that our behaviours and actions are biased towards 

unconscious, spontaneous retrieval rather than strategic planning and monitoring.  With 

respect to time- and event-based PM, the MPT theory asserts that given that individuals 

have a tendency to rely on spontaneous retrieval processes and event-based tasks 

typically contain characteristics that enable spontaneous retrieval, event-based PM tasks 

should elicit more PM success (McDaniel & Einstein, 2000). 

Importantly, MPT also suggests that the nature and demands of an ongoing task 

can influence the degree of processing required to retrieve a target action, and 

subsequently the likelihood of PM success (McDaniel &Einstein, 2007).  For example, 

the likelihood of PM retrieval may depend upon the extent to which the ongoing task 

requires focal processing (McDaniel & Einstein, 2007). This assumes that successful 

retrieval will occur when the processing at retrieval is similar to when the intention was 

first encoded. For example, if the target event was encoded in a semantic fashion, 

optimal retrieval will occur using a semantic cue (McDaniel & Einstein, 2007). Studies 

have demonstrated that when PM cues are focal to the ongoing task (e.g. buying fruit 

being triggered by a trip to the grocery store), the PM task has little effect on the ongoing 



Chapter 1: Acquired Brain Injury in Adults, and the Impact of Prospective Memory on Outcome 10 

task due to the task being less effortful, or resource-demanding (Kliegel, Martin, 

McDaniel & Einstein, 2004). However, if PM cues are non-focal (unrelated to the 

ongoing activity) or when the importance of the PM task is emphasized, ongoing task 

performance is significantly slowed (Einstein et al., 2000). In support of the MPT, one 

study demonstrated that individuals with high working-memory capacity performed 

significantly better on a non-focal PM task than individuals with low working-memory, 

while both groups performed equally well on a focal PM task (Brewer, Knight, Marsh & 

Unsworth, 2010). They confirmed that attention was only necessary for detecting PM 

targets in the non-focal task, and that attentional processes were not necessary for 

detecting focal cues (Brewer et al., 2010). 

This current thesis followed MPT, in that it was considered important to measure 

both time- and event-based PM. Although activity-based PM is considered an important, 

aspect of PM, it has received very little attention in the theoretical and empirical 

literature (Shum, Valentine & Cutmore, 1999). Furthermore, little research exists 

outlining the effect of brain-injury on activity-based PM. Given that the current study 

was conducted in order to build-upon current PM research, activity-based PM has not 

been explored in this current thesis (McDaniel & Einstein, 2000).   

To align with MPT, given that non-focal PM requires more conscious monitoring 

of the task at hand (and likely results in a cost to the ongoing task), a non-focal task was 

utilized in the current thesis. Following the MPT model of PM, also enables better 

ecological validity, which is achieved via measuring both time- and event-based PM. In 

addition, the current experiment enables the potential for spontaneous retrieval, which is 

necessary to satisfy MPT, and allows a clearer distinction between event- and time-based 

PM (Petrella, 2014). The current study also enabled the exploration of cost, which will 

be explained in greater detail later in this chapter. 
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Preparatory Attentional and Memory Theory (PAM). The PAM theory of PM 

proposes that PM is a dual-task process that is analogous to divided attention (Craik, 

Govoni, Naveh-Benjamin & Anderson, 1996). The concept of divided attention assumes 

that the brain has a limited capacity to process information, and if a secondary task is 

introduced that requires additional resources, this will have a negative effect on the 

primary task (Harrison & Einstein, 2010). PM is similar to divided attention as the act of 

remembering to perform an action in the future (or following a particular cue), elicits a 

similar dual-task decrement (Smith, 2003). PM differs from divided attention, however, 

in that individuals performing a PM task must interrupt their ongoing activity to perform 

the subsequent duty, while divided attention studies generally require ongoing, 

continuous response to a frequently occurring stimulus (Smith, 2003).  The distinction 

between the two therefore, is that at some point, there is inattention in a PM task, that 

doesn’t often occur in divided attention tasks.  

PAM theory proposes that PM requires processes that draw on our limited 

attentional capacity, which is resource-demanding and not an automatic process (Smith 

& Bayen, 2004). To this end, an individual’s ability to successfully engage in a PM task 

will largely depend on the extent of resources available, as well as the extent to which 

the ongoing task is resource-demanding (Smith & Bayen, 2004). With respect to event-

based PM according to the PAM theory, preparatory processes must be engaged for 

successful remembering, such as monitoring of the environment. These processes are 

present prior to the occurrence of the target event and are therefore likely to reduce the 

resources available for the ongoing task. These processes can be inferred by measuring 

cost to the ongoing task, or task interference (Harrison & Einstein, 2010).  

Several studies have used reaction times to measure cost to the ongoing task and 

have demonstrated a significant increase in reaction time when a PM task is added to an 

ongoing task (Loft & Yeo, 2008; Smith, 2003; Smith & Bayen, 2004). Smith (2003) 
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demonstrated this effect, finding that ongoing task performance was slowed when a PM 

task was introduced, in comparison to a control condition with no PM task. Smith (2003) 

attributed this ‘cost’ as an allocation of attentional resources to the PM task, and 

additionally concluded that participants who had better PM task performance had slower 

response times. Many studies have since confirmed this relationship, that PM task 

requirements lead to a significant cost to the ongoing task (Loft, Kearney & Remington, 

2008; Loft & Yeo, 2007; Martin at al., 2003).  

1.2.2 Assessment of Prospective Memory in Clinical Populations 

As indicated above, successful prospective remembering requires the use of 

several discrete cognitive components (e.g. monitoring, retrieval, shifting and inhibition; 

Kliegel et al, 2004). To this end, the individual component processes of PM are 

important to consider when developing a sound assessment of PM in a laboratory setting.   

Studies have indicated that undertaking experimental procedures of PM in a 

laboratory setting can lack ecological validity (Chaytor & Schmitter-Edgecombe, 2003; 

Shum et al., 2002; Shum, et al., 1999). Although experimental procedures allow us to 

create a valid test directly assessing PM, PM situations in everyday life are far more 

personal (e.g. the individual, not the experimenter, chooses the task to remember, hence 

creating a mental ‘cue’). While matching a task to a situation that could occur in a 

natural environment is difficult to achieve in an artificial domain, McDaniel and Einstein 

(2007) suggest that assessing PM in its separate components can increase ecological 

validity. They recommend achieving maximum ecological validity by testing time-based 

and event-based PM separately as well as cost to attentional resources. Furthermore, 

despite the suggestion that experimental tasks may lack ecological validity, such 

measures have been demonstrated to be generalisable across settings, and effectively 

demonstrated PM deficits as they occur in daily life (Finley & Penningroth, 2015). 
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Einstein and McDaniel (1990) described a typical experimental PM paradigm in 

which participants are required to remember press a specific key on a computer keyboard 

(e.g. the ‘X’ key), whilst performing an ongoing task (e.g. making word or non-word 

judgements). An example of an event-based PM task created by Einstein, Smith, 

McDaniel and Shaw (1997) required participants to remember to press the ‘slash’ key 

when a word was presented in yellow, whilst performing an ongoing word-rating task 

(i.e., rating the pleasantness of words appearing on a screen for 7 seconds). A typical 

time-based PM task was described by Shum and colleagues (1999) which required 

participants to perform a general knowledge test (the ongoing task) and remember to 

telephone one of the experimenters every 5 minutes (i.e. the 5th, 10th, 15th... minute into 

the task). Importantly, the primary design of a PM experimental paradigm, is to ensure 

that the participant is not reminded of the PM task after the task has commenced. 

Participants are required to remember to perform the intended action themselves, at the 

appropriate time.  

In response to concerns regarding the ecological validity of PM tasks, PM 

paradigms have also been created that are more naturalistic. Early PM tasks employed 

methods that required participants to remember to perform an action in the future, that 

they would more likely encounter in daily life such as, remembering to make a phone-

call at a set time of day (Fish, 2010). Tasks with a mix of both naturalistic and 

experimental paradigms have also been created, such as the Memory for Intentions 

Screening Test (MIST; Raskin & Buckheit, 1998) which effectively allows for 

naturalistic responses, with experimental control.  

While each PM assessment technique has distinct strengths and weaknesses, 

experimental paradigms enable variable control, including the ability to manipulate 

variables to serve a specific purpose, or hypothesis (Delprado et al., 2012). Furthermore, 

experimental paradigms enable the assessment of cost to the ongoing task. The current 
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thesis will focus on an experimental paradigm of PM, exploring both time- and event-

based PM. PM success is determined by measuring accuracy. For the time-based task, an 

accurate response occurs when the participant successfully completes a task at the 

required time. For the event-based task, an accurate response requires the participant to 

respond correctly to a specific cue. Cost is measured as the response time decrement to 

the ongoing task, once the PM task is introduced (Einstein et al., 2005).  The 

experimental paradigm used in chapter 3 and 4 of this thesis is similar to that described 

by Einstein and McDaniel (1990). 

1.2.3 Neuroanatomy of Prospective Memory 

Given the diverse and complex abilities required to successfully complete PM 

tasks, it is unsurprising that clinical groups with injuries that affect any of these 

underlying processes would have difficulty completing them. Furthermore, it is 

unsurprising that neuroimaging studies have implicated a vast network of brain regions 

responsible for PM performance such as the prefrontal cortex (Burgess, Gonen-Yaacovi 

& Volle, 2011), the anterior cingulate (Okuda et al., 2000) and the parahippocampal 

region (Cohen & O’Reilly, 1996).  This is particularly important when considering ABI, 

as damage to regions implicated in PM will cause difficulties in a wide range of PM 

processes that can affect everyday functionality and impact an individual’s ability to live 

independently.  

Shum and colleagues (2002), suggested that PM requires executive functions such 

as planning, disruption, shifting and inhibition. Several studies have supported the theory 

that planning, and intention formation is aided by the frontal lobe (Bisiacchi, 2009; 

Burgess et al., 2011). Further studies have also supported the theory that particular areas 

of the frontal lobe support different components of PM; the right dorsolateral frontal area 

is responsible for planning, the left frontal lobe region (Brodmann area 10) is responsible 

for initiation of actions, and the left dorsomedial prefrontal cortex is responsible for 
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mentalising (Burgess et al., 2000; Okuda et al., 2000; Umeda, Kurosaki, Terasawa, Kato 

& Miyahara, 2011). This, among other studies, further supports the view that PM is 

related to the frontal lobe and measures of executive functioning (Fortin, Godbout & 

Braun, 2002; Cockburn, 1995; Groot, Wilson, Evans & Watson 2002; Martin, Kliegel & 

McDaniel, 2003). In addition to the frontal lobe, Cohen and O’Reilly (1996) found 

evidence that the hippocampus is implicated in certain aspects of PM, such as retrieval, 

inhibition, interruption and initiation. This supports an additional theory that the 

temporal lobes also play a role in prospective remembering.  

McDaniel and Einstein (2007) suggested that the relationship between the frontal 

and temporal systems with PM are as follows: Frontal lobe processes require intention 

formation, specifically, how will one carry out an intended action in the future. Temporal 

lobe processes are required to generate a cue that is associated with both the action to be 

performed, and the appropriate time or event that denote when the action is to be carried 

out. The frontal lobe then contributes once again to remember the intended goal and 

organize a sequence of events to ensure implementation of that goal by interrupting the 

current activity (McDaniel & Einstein, 2007).  

This suggests that PM functioning would be commonly affected as a result of 

damage to brain regions such as the frontal and temporal lobes. Importantly, these 

regions are commonly affected in ABI (Cockburn, 1995). 

1.2.4 Prospective Memory and Acquired Brain Injury 

As indicated, the prefrontal cortex and regions of the temporal lobes have been 

implicated in PM function (Fleming, Shum, Strong & Lightbody, 2005; Fleming, Riley, 

Gill, Gullo, Strong & Shum, 2007; Levine, Katz, Dade & Black, 2002; Shum, Levin & 

Chan, 2011). Given the cognitive and neural correlates of PM, it is expected that 

individuals with neurological impairment in these brain regions would have difficulties 

performing PM tasks (Kliegel et al., 2008). For example, TBI frequently involves injury 
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to the prefrontal cortex, which has demonstrated deleterious effects on PM functioning 

(e.g. see Shum et al., 2002 for a review). Furthermore, injury to the temporal lobes have 

resulted in amnestic deficits that lead to impairment in the retrospective component of 

PM (Kliegel et al, 2008).  

Indeed, there is an extensive literature supporting the presence of PM impairments 

among individuals with ABI. Shum and colleagues completed a meta-analysis of the TBI 

literature and found marked PM impairments in TBI patients when compared to 

uninjured controls (Shum, et al., 2002). They confirmed that the relationship between 

brain injury and PM deficits was proven to be true for mild, moderate and severe TBI in 

both time- and to a lesser extent, event-based tasks (Hannon et al, 1995; Mathias & 

Mansfield, 2005; Carlesimo, Casadio & Caltagirone, 2004; Shum, et al., 1999; Tay, Ang, 

Lau, Meyyappan & Collinson, 2010). Importantly, studies in individuals with TBI have 

confirmed that when substantial effort is made to succeed on a PM task, there is an 

ongoing task decrement, reflected in a significant response-time cost in performing the 

ongoing task (McCauley & Levin, 2004). Studies have also confirmed that PM 

impairment was not only present when damage occurred to the frontal or temporal lobes. 

Daum and Meyers (2000) demonstrated that individuals with damage to the posterior 

lobes showed similar PM impairment to individuals with damage purely to the frontal 

lobes.  

In addition to TBI, individuals with ABI of various aetiologies including stroke 

and tumour resection, have demonstrated impairments in PM (Burgess et al., 2000; 

Cockburn, 1995; Brookes, Rose, Potter, Jayawardena & Morling, 2004). Burgess and 

colleagues (2000) in a study of 60 individuals with space-occupying lesions found that 

participants demonstrated difficulties on a variety of multitasking activities. Importantly, 

they confirmed that participants were demonstrating impairments in planning, 

remembering task instructions, inhibition of the ongoing task and multitasking – aspects 
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that are necessary for successful PM (Burgess, Veitch, Costello & Shallice, 2000). This 

is also true for individuals having suffered stroke. In a study by Cockburn (1995) a 

patient with bilateral frontal lobe infarcts demonstrated PM impairment in planning, 

initiation and inhibition. In a further study looking at 41 individuals who suffered a 

hemispheric stroke, Brookes and colleagues (2004) confirmed PM deficits in event- and 

activity-based tasks, and to a lesser extent, time-based tasks.  

Various studies looking at the underlying mechanisms which cause PM deficits, 

have considered whether PM is impaired following ABI due to memory impairment, or 

more generally due to concomitant executive dysfunction (Kliegel et al., 2008). It is 

important to note, however, that PM impairment can be present in the absence of 

executive function or memory impairment. For example, in a study of 10 individuals 

with closed head injuries (CHI) resulting purely in damage to the frontal lobes 

commonly implicating executive function impairment, Fortin and colleagues (2002) 

found that in comparison to controls, participants with CHI demonstrated significant 

difficulty with strategic planning and PM, with time-based PM more impaired than 

event-based. Importantly, these individuals demonstrated impairment in every-day life, 

despite having relatively intact executive functions or retrospective memory (Fortin et 

al., 2002). This study suggests that assessing PM in addition to executive functions or 

memory is necessary to gain a complete picture of deficits following ABI.  

In summary, there is an extensive literature implicating PM deficits in ABI 

populations. Importantly, this literature suggests that PM deficits are present among a 

variety of ABI aetiologies including stroke, tumour resection, and TBI, and can be 

present in the absence of other common ABI-related cognitive deficits, such as memory 

and executive dysfunction. Given the importance of PM in everyday functioning, it is 

therefore unsurprising that PM should be considered with respect to its relationship to 

outcome. For the current studies 2 and 3 (chapters 3 and 4), it was deemed important to 
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cover ABI in its entirety, rather than to focus on a specific aetiology. This was due to the 

heterogeneous nature of brain-injury presentations that comprised this clinical sample, 

and to better understand the role of PM in recovery from ABI more generally, aligning 

with the extant literature.  

1.2.5 Prospective Memory and Predicting Outcome  

An important aspect of PM is its relationship to daily living. Many activities 

throughout the day require one to perform an action in the future (e.g. remembering to 

buy milk on the way home or remembering to remind a colleague to return a clients’ 

call). For individuals with ABI, PM failure can have embarrassing and risky 

consequences which can inevitably impact independence, and the likelihood of regaining 

an autonomous lifestyle. Furthermore, participation in rehabilitation inevitably requires 

PM (e.g. remembering to turn up to a physiotherapy appointment or remembering to take 

medication at a particular time) (Kinsella et al., 1996). Importantly, PM has been linked 

to outcome prediction in a variety of neurologically affected populations, such as 

Parkinson's Disease (PD) (Pirogovsky et al., 2012), Human Immunodeficiency Virus 

(HIV: Woods et al., 2008) and multiple sclerosis (MS: Rendell, Jensen & Henry, 2007). 

Pirogovsky et al. (2012) studied the functional independence of 33 individuals with PD. 

They determined that PM impairment played a significant role in predicting everyday 

function, including medication and financial management. In a study of 66 patients with 

HIV, PM deficits accounted for a significant amount of variance detected in independent 

activities of daily living such that PM was concluded to play a unique role in successful 

daily functioning (Woods et al., 2008). Furthermore, poor performance predicted 

increased risk of dependence on others to perform daily activities such as going to work, 

taking medication or driving a car. Finally, a study by Rendell and colleagues (2006) 

evaluated PM performance in 20 individuals with MS. In comparison to the control 

group, individuals with MS were found to have significant difficulties on basic tasks that 
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occur in everyday life, on account of their PM deficits (Rendell, Jensen & Henry, 2006).  

Developing a firm understanding of PM as a predictor of everyday functioning following 

brain injury, could therefore have marked implications for daily life and rehabilitation, 

however to date, only two studies have attempted to evaluate the relationship between 

PM and everyday functioning following ABI. 

Hoskin and colleagues (2005) evaluated the relationship between PM and money 

management in a sample of 34 individuals with ABI. They concluded that PM deficits 

were significantly related to difficulties with self-reported money management. In 

addition, Fortin and colleagues (2002) demonstrated a relationship between PM and 

instrumental activities of daily living, in a small sample of 10 mild-moderate TBI-

affected individuals. Importantly, both studies demonstrated limitations in their 

methodology by not differentiating between event- and time-based PM (Fortin et al, 

2002), or only using a single event/time to measure both event- and time-based PM 

(Hoskin et al., 2005).  

In conclusion, while there has been a relatively substantial literature looking at PM 

deficits and functional outcome in other clinical groups, the literature investigating 

whether PM is a useful predictor of prognosis and everyday functional outcome 

following ABI, is limited and inconsistent. This is important, as prediction of outcome 

can have implications for rehabilitation. Prediction of everyday functioning following 

ABI using PM was the focus of chapter 3, and thus will be reviewed in more detail later 

in this thesis. 

1.2.6 Rehabilitation of Prospective Memory 

Despite the limited literature exploring the relationship of PM deficits to 

everyday functioning, there is evidence for the importance of studying this relationship. 

To this end, there is a growing literature looking at rehabilitation efforts, specifically 

designed to improve PM functioning.  
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Rehabilitation methods are traditionally classified into two categories; remedial 

rehabilitation, which repairs damaged neural networks or creates new ones, or 

compensatory rehabilitation, which introduces methods of overcoming deficits and 

limitations (Fish et al., 2010). While several studies have explored both remedial and 

compensatory approaches to improve PM performance, compensatory approaches are 

typically more common in clinical practice for improving PM deficits. The following 

literature will focus on compensatory approaches to PM, which were utilized in chapter 

4 of this thesis.  

There is a substantial body of evidence supporting the use of compensatory 

approaches to improving PM performance. External memory aids such as voice 

recorders, or google calendars have shown promise in improving PM recall by providing 

the individual with a ‘cue’ or a reminder, to perform the PM task (Van Den Broek et al., 

2000; Yasuda et al., 2002; McDonald et al., 2011). To this end, external memory aids are 

considered to improve PM by removing the cognitively demanding monitoring 

component of PM, and instead assist retrieval by providing a cue (Fish et al., 2010). 

Once the cue has been provided, the onus is again on the individual to remember what 

task they had to perform and carry out the steps to achieve their goal. External memory 

aids can also be adjusted depending on the level of deficit. For example, devices can be 

programmed to tell the individual exactly what they need to do at the appropriate time, 

without the additional guesswork (e.g. Neuropage; Wilson, Emslie, Quirk & Evans, 

2001). Despite the literature providing support for electronic devices and memory aids in 

improving PM performance, there are limitations associated with this strategy. First, the 

individual must be trained in how to use the device. This can lead to difficulties 

particularly in the case of older adults who may be somewhat unfamiliar with devices of 

this nature. Secondly, the device must be programmed with the relevant daily reminders, 

to provide notification at the appropriate time of day. While this might be possible to 
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have a therapist or treating physician initially program the device, it is unlikely that tasks 

will remain the same day-to-day. Indeed, reminders will likely need to be programmed 

on a weekly, if not daily, basis (Fish et al., 2007). Thirdly, a considerable amount of time 

and energy is often put into developing these devices, which can come at a significant 

monetary cost to the consumer (Fish et al., 2010). Finally, while several studies have 

demonstrated PM success when the devices are actively being used, removal of the 

device typically leads to a decline in PM performance (Van Den Broek et al., 2000). This 

means that reliance on the memory aid is likely permanent. As a result of these 

limitations, other rehabilitation efforts should be considered that teach the individual to 

implement a strategy that may enable generalization across settings, as well as 

maintenance of PM performance.  

One such intervention is Goal Management Training (GMT). GMT encourages 

goal-directed behavior by teaching the individual a series of steps to ensure they are on-

track to achieving their goal (Robertson, 1996). While GMT is often used in healthy and 

clinical populations to improve executive functions, it is theorized to improve PM by 

intervening at the executive level. That is, GMT promotes planning, rehearsal, retrieval 

and intention, all of which are necessary steps required for successful prospective 

remembering (Levine et al., 2011). GMT training promotes generalization by including 

homework, recording everyday errors and successes and enabling the individual to 

identify characteristics of task performance that promote successful prospective 

remembering (Levine at al., 2000). While GMT has been demonstrated to successfully 

improve executive functioning in individuals with ABI (Manly, Hawkins, Evans, Woldt 

& Robertson, 2002), Fish et al., (2007) examined the application of GMT to improve 

PM.  Specifically, participants with ABI were provided with a brief GMT training 

session, which emphasized a strategy of pausing periodically, to ensure they were still on 

track to achieving their goal (Fish et al., 2007). The PM task required the participants to 
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make four phone calls at set times every day. To encourage the use of the GMT strategy, 

Fish et al., (2007) implemented content-free-cueing, whereby participants periodically 

received a text-message with the word “STOP” at random times throughout the day, as a 

reminder to the participant to perform the task. PM performance improved on both cued 

and un-cued days (Fish et al., 2007).  

Using GMT as an intervention to improve PM in ABI populations has not always 

been successful, however. A study by Sweeney and colleagues (2010) used GMT in a 

virtual reality task, whereby participants were required to perform both a time- and 

event-based PM task, after having been trained on GMT. The content-free-cueing for 

this task occurred in the form of a “bleep” sound, which was designed to encourage 

participants to stop, think, and consider their goals, before assessing if they were on track 

to completing them (Sweeney, Kersel, Morris, Manly & Evans, 2010). They concluded 

that the GMT intervention did not improve PM performance. They suggested that using 

a computer-based task may have proved difficult for some participants to complete, and 

additional GMT training may have been required (Sweeney et al., 2010).  

Outside of these 2 studies, GMT has not been used to improve PM in an ABI 

population. Given the component processes of PM, however, there is clear evidence to 

suggest that GMT would be a successful intervention. GMT was derived from a theory 

of goal-neglect (Duncan, 1995), and was developed to help individual’s manage goal-

neglect on account of frontal-lobe lesions (Robertson, 1996). As indicated earlier, PM is 

posited to depend, in part, on frontal-lobe functions, suggesting that aspects of executive 

functioning is required to successfully perform PM tasks (Einstein et al., 2000). 

Specifically, GMT is likely to be able to improve PM by providing a strategy to promote 

planning (goal-formation), rehearsal (rehearsing steps towards goal-enactment), retrieval 

(what am I supposed to be doing) and intention (am I on track to fulfilling my goal) 

(Levine et al., 2011). It also promotes disengaging from the task at hand and switching to 
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the required task. Due to the coherence between the GMT strategy and these PM 

processes, GMT was selected as one of two interventions that will be used in chapter 

three of the current thesis to explore the efficacy of a single-dose intervention in 

improving PM.  

As described earlier in this chapter, PM can be discriminated by two 

components, a prospective component (posited to depend on the frontal lobes, and 

executive functions that are supported by these systems), and a retrospective component. 

While GMT can support PM process with respect to the prospective component, it 

provides little intervention with respect to the retrospective component. That is, if the 

participant is unable to remember the intention from the initial moment of encoding it, 

then they will be unable to use the GMT strategy to successfully perform the task. 

Consequently, in this thesis, a second intervention was considered with respect to the 

retrospective component of PM. This second intervention technique was Implementation 

Intentions (II).  

II is purported to strengthen the cue-association involved in a PM task. That is, if 

an intention is formed to carry out a specific goal (in the form of an “if-then” statement; 

if situation X occurs, I will perform Y), there should be less reliance upon effortful 

remembering (Chasteen, Park & Schwarz, 2001). Notably, II is posited to support not 

only the retrospective component of PM, but also aspects of the executive function 

component. II encourages the retrospective component by binding the intention to the 

cue with rehearsal and visualization (McDaniel & Scullin, 2010). Several studies using II 

have also included a ‘visual imagery’ component, whereby the individual is encouraged 

to take some time to imagine their intention, prior to performing the task (Raskin & 

Sohlberg, 1996). This further supports the retrospective component of PM by 

strengthening the individual’s capacity to remember the intention. It also assists in the 

recognition of appropriate retrieval contexts where the individual is likely to encounter a 
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cue to generate spontaneous recall, which is particularly helpful in event-based PM 

(Raskin & Sohlberg, 1996). II assists with the executive component by encouraging 

active monitoring of the environment, to again enhance recognition of PM cues 

(Gollwitzer & Sheeran, 2006).  

The current thesis examined II using visual imagery to strengthen the 

participants’ retrospective memory and the resulting cue-association (Sohlberg & 

Mateer, 2001). Rehabilitation of PM, including GMT and II will be reviewed in more 

detail in Chapter four. 

As indicated, the extant literature supports both GMT and II in improving PM 

following ABI. Given that several studies have utilized more extensive intervention 

models for both approaches (e.g. Levine et al., 2007; Pachalska, Talar, Baranowski & 

MacQueen 2000), which can be difficult to implement in a clinical setting, the 

current study sought to examine the efficacy of a brief intervention. This is both 

novel, and if effective, could provide a greater real-life application in clinical 

settings.   

1.3 The Current Thesis 

This thesis consists of five chapters investigating the neuropsychological 

predictors of daily functional outcome following ABI. Chapter 2 presents a meta-

analysis of the current literature to evaluate the capacity of neuropsychological 

domains to predict outcome following ABI in adults. This study extended the 

findings of a previous meta-analysis by Allanson et al. (2017), which explored the 

best neuropsychological predictors of outcome following traumatic brain injury. As 

such, this first study focused on non-traumatic ABI. Outcome was measured via two 

variables: (1) activities of daily living; and (2) quality of life. This process was 

explored using meta-analysis and multiple regression techniques (meta-analytic 

structural equation modelling (metaSEM)).  
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The results of chapter 2, informed the focus of chapter 3. Given the unique 

utility of neuropsychological domains to predict outcome following ABI, it was 

considered whether more specific domains could be evaluated for their predictive 

utility in a sample of ABI-affected individuals. In particular, PM was examined as a 

potentially important predictor of daily functioning, given the functional implications 

of PM deficits. Furthermore, as chapter 2 identified several weaknesses in the 

literature regarding the measurement of executive functions, chapter 3 sought to 

build-upon and improve the current literature, by carefully evaluating all the sub-

domains of executive functions. PM was measured using a well-validated 

experimental paradigm that enabled the examination of two types of PM, namely 

time-based and event-based PM. Correlation analyses were examined, and regression 

analyses were performed to determine whether PM could predict everyday 

functioning over and above other executive function domains, whilst controlling for 

general intelligence.  

Given the preliminary findings from chapter 3 regarding the predictive 

capacity of PM, chapter 4 evaluated the efficacy of two well-validated intervention 

techniques, Implementation Intentions (II) and Goal Management Training (GMT), 

to improve PM performance among individuals with ABI. Specifically, participants 

were randomly divided into one of three groups, depending on their order of 

recruitment into the study; II, GMT or a control group, and were provided with either 

a single-session intervention, or proceeded without intervention. Chapter 4 used the 

same participant cohort as chapter 3, as well as the same event-based PM task.  A 

series of mixed ANOVA were performed to compare the efficacy of intervention 

versus no intervention, as well as II versus GMT.  
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Finally, chapter 5 provides a summary and general discussion of the key findings 

throughout this thesis. Limitations of the PM and ABI literature are discussed, as 

well as implications for future research.  
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2.1  Abstract 

A number of cognitive abilities have been reported to predict outcome following a 

non-traumatic acquired brain injury (ABI) in adults. However, the results are 

inconsistent. Furthermore, the unique and combined capacity of these cognitive 

abilities to predict ABI outcome has not been evaluated. Consequently, we employed 

meta-analysis and multiple regression to evaluate the capacity of various 

neuropsychological domains to predict two separate outcome variables in adults: (1) 

activities of daily living; and (2) quality of life. Based on the activities of daily living 

meta-analysis (N = 2,384), we estimated the following significant bivariate effects: 

memory (r = .31, 95% CI: .20/.41]), language (r = .33, 95% CI:.26/.40), attention (r 

= .38, 95% CI: .30/.46]), executive functions (r = .29, 95% CI:.19/.39]), and 

visuospatial abilities (r = .41, 95% CI: .34/ .48). Based on the quality of life meta-

analysis (N = 1,037), we estimated the following significant bivariate effects: 

memory (r = .12, 95% CI: .03/.20]), language (r = .19, 95% CI: .06/ .32), attention (r 

= .30, 95% CI: .16/.44]), executive functions (r = .24, 95% CI: .12/.37) and 

visuospatial/constructional abilities (r = .30, 95% CI: .14/.46). Meta-analytic 

structural equation modelling (MASEM) identified two significant, unique predictors 

of activities of daily living, attention and visuospatial abilities, and the model 

accounted for 21% of the variance (multiple R
2 

= .21, 95%CI: .16/.26). For the 

corresponding quality of life MASEM, no statistically significant unique predictors 

were identified, however, a significant multiple correlation was observed, multiple R
2
 

= .11 (95%CI: 04/.18). We conclude that practitioners may be able to predict, with 

some degree of accuracy, functional outcome following a stroke and other non-

traumatic ABI in adults. We also provide some critical commentary on the nature 
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and quality of the measures used in this area of research to represent the cognitive 

dimensions of interest. 
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2.2 Introduction 

A projection made by the World Health Organization suggested that acquired 

brain injury (ABI) is expected to account for 12% of total deaths by 2030 - 

approximately 85% from cerebrovascular accidents (WHO, 2006). Although the 

majority of individuals with an ABI recover, they often struggle with ongoing 

functional limitations characterised by “difficulties executing activities… and 

problems with involvement in life situations” (Rushworth, 2008, p.2), affecting their 

quality of life and ability to fulfil important roles (i.e., work, parent, spouse).  A 

recent meta-analysis examined the neuropsychological predictors of functional 

outcome following traumatic brain injury (Allanson, Pestell, Gignac, Yeo, & 

Weinborn, 2017). However, functional outcome research with non-traumatic brain 

injuries (e.g., stroke) has yet to be published. Thus, the present study is a meta-

analytic review of the neuropsychological predictors of everyday outcomes in 

samples of non-traumatic acquired brain injuries. 

2.2.1 Acquired Brain Injury and Functional Outcome 

The impact of ABI on every-day functioning can be complex, profound, and 

disabling. Physical problems include headaches, chronic pain, and problems with 

balance, vision and hearing. Furthermore, individuals with ABI often experience 

emotional, cognitive and behavioural disturbances including anxiety, stress, 

depression and impulsivity which can have an equally profound effect on friends and 

family (Turner-Stokes, Disler, Nair, & Wade, 2005).  

In 2013, cerebrovascular accidents were the second most common cause of death, 

and the third most common cause of disability, worldwide (Feigin, Norrving & 

Mensah, 2017). Estimations suggest that of 15 million individuals who suffer a 

stroke each year, nearly two-thirds will survive with ongoing limitations to their 
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daily life (WSO, 2012). ABI can have a profound impact on a person’s ability to live 

independently, work, take part in leisure activities, or engage with the community. 

These activities are frequently termed ‘functional outcomes’ and are often classified 

into categories of disability, handicap, impairment and perceived quality of life 

(Barker-Collo & Feigin, 2006).  

Evidence suggests that neuropsychological factors could potentially be more 

important than physical disability in predicting long-term prognosis after ABI 

(Hochstenbach, Anderson, van Limbeek, & Mulder, 2001; Paolucci et al., 1996; 

Patel, Coshall, Rudd, & Wolfe, 2002). Identifying neuropsychological domains most 

important in predicting everyday functional outcomes in ABI has been difficult, thus 

far, as the majority of the literature has focused on global or screening measures of 

cognition, such as the Mini Mental State Exam or the Montreal Cognitive 

Assessment (Kauranen, 2012; Dong et al., 2012; Dong et al., 2014; Geubbels, 

Nusselein, van Heugten & Rasquin, 2015; Hokkanen et al., 2006). Importantly, 

screening measures have been found to predict functional outcome as determined by 

return to work status (Kauranen et al., 2013; Hokkanen et al., 2006; Ownsworth & 

Shum, 2008), significant long-term cognitive impairment (Dong et al., 2012; Dong et 

al., 2014), level of dependence (Heruti et al., 2002; Man, Tam & Hui-Chan, 2009; 

Mcpherson, Beryy & Pentland, 1997; Pohjasvaara, Erkinjuntti, Vataja & Kaste, 

1998), physical status (van der Wijst, Wright, & Steultjens, 2014), performance on 

task-based activities (Higginson, Johnson-Greene, & Langrall, 2010) and discharge 

destination (Geubbels et al., 2015). However, such screening measures have limited 

utility, as they provide only a general estimate of overall cognitive ability, rather than 

detailing specific cognitive impairments, which is important in facilitating the 
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planning and provision of services and interventions (Coen, Robertson, Kenny, & 

King-Kallimanis, 2016).  

Consequently, researchers have begun to look at the utility of individual 

cognitive domains in predicting ABI outcomes, with some initial promising results. 

For example, memory (Campanholo, Conforto, Rimkus, & Miotto, 2015; Chahal, 

Barker-Collo & Feigin, 2011; Huijben‐Schoenmakers, Rademaker, & Scherder, 

2017;) and executive functioning (Finch, Sandel, Spettell, Mack & Spivak, 1997; 

Campanholo et al., 2015; Chahal, Barker-Collo & Feigin, 2011; Crago et a., 2016; 

Nys et al., 2005) have thus far been most commonly implicated in the prediction of 

functional outcome following ABI. However, other cognitive domains have also 

shown promise in this regard, including language (Larsson et al., 2005; Nys et al., 

2005; Synhaeve et al., 2015) attention (Jokinen et al., 2015; Campanholo et al., 2015; 

Andrade et al., 2012; Hyndman & Ashburn, 2003), visuospatial 

construction/perception (Richardson et al., 1995; Campanholo et al., 2015; Chahal, 

Barker-Collo & Feigin, 2008) and processing speed (Barker-Collo, Feigin, Parag, 

Lawes, & Senior, 2010; Campanholo et al., 2015; Narasimahlu et al., 2011). A 

narrative review of this literature by Barker-Collo and colleagues (2006) found that 

domain-specific post-stroke deficits in memory, attention, language, and awareness 

of cognitive deficits showed particular promise in predicting outcomes. However, 

they (and others) also noted the important methodological limitations of this 

literature, including selection bias and small sample sizes.  

Importantly, the measurement of cognitive domains has been problematic.  

For example, use of a single test to measure each domain, or not comprehensively 

assessing theorized subdomains within each cognitive area comprehensively, is 

common. Specifically, despite executive functions (EF) having been frequently 
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implicated in predicting functional outcome following acquired brain injury 

(Allanson et al., 2017; Cicerone et al., 2006; Feigin et al., 2010), many studies have 

failed to measure the multiple components of EF identified by Miyake et al. (2000), 

Fisk and Sharp (2007), or Chan, Shum, Toulopoulou and Chen (2008) (i.e., shifting, 

inhibition, working memory/updating, and generativity), as well as ‘hot’ and ‘cold’ 

components of EF (i.e., emotion-driven self-management or decision making versus 

cognitive functions (e.g., working memory or planning), respectively). The same can 

be said for the measurement of sustained, divided, selective or alternating attention 

(Barker-Collo et al., 2010a), and verbal and visual memory (Park & Ingles, 2001; 

Hall et al., 2011).  As a result of inconsistencies within the literature, there is a need 

to synthesize current information, and detail specific neuropsychological domains, to 

better ascertain the most significant predictors of outcome following ABI to guide 

treatment and future research. 

2.2.2 Measures of Outcome Following Acquired Brain Injury 

The assessment of functional outcome must be multifaceted to encompass the 

diverse functional consequences of ABI. That is, considerations must be made 

regarding all aspects of daily living rather than focusing on one single aspect (e.g. 

return to employment) (Farmer & Eakman, 1995; Häggström & Lund, 2008).   

Research has suggested that less than half of adults remain completely 

independent in everyday function following ABI (AIHW, 2007). Those unable to 

live independently often require assistance with grooming, feeding and personal 

hygiene (Tomaszewski Farias, 2009). These functions, deemed basic activities of 

daily living (BADLs) have become a primary consideration in predicting the degree 

of rehabilitation or assistance required by the individual upon discharge from a 

hospital setting (Hoffmann & McKenna, 2001). In contrast to basic ADLs, 
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instrumental ADLs (IADLs) are associated with higher cognitive functioning 

(Farmer & Eakman, 1995) and involve more complex tasks such as cooking, driving, 

managing finances and handling medication (Tomaszewski Farias et al., 2009). 

Research has demonstrated an association with dependence in both BADLs and 

IADLs and cognitive impairment (Claesson, Lindén, Skoog, & Blomstrand, 2005; 

Farmer & Eakman, 1995; Mercier, Audet, Hébert, Rochette, & Dubois, 2001).  

Other aspects of functional outcome following ABI include the affected 

individual’s perceived level of life satisfaction, or Quality of Life (QoL) (Dijkers, 

2004). QoL is complex in its subjective nature. Previous studies have suggested that 

QoL requires assessment of four dimensions indicating the perceived effect of post-

ABI impairments on an individual’s everyday life: 1) physical symptoms, 2) 

engagement in functional activities, 3) psychosocial status and 4) social interaction 

(Castellanos et al., 2012). There is evidence that perceptions of QoL are directly 

related to cognitive capacity and functional impairment following ABI (Adamit et 

al., 2015; Passier et al., 2012). Therefore, the present meta-analytic study will seek 

studies that, at minimum, assess functional outcomes including activities of daily 

living, Quality of Life, or both. 

2.2.3 Neuropsychological Predictors 

Findings with Memory. Over several decades, models of memory have emerged 

which gave rise to a two-component memory system involving short-term memory 

(requiring rehearsal, encoding and retrieval) and long-term memory (permanent 

memory storage) (Atkinson and Shiffrin, 1968). Since this fundamental model of 

memory, additional subdomains of memory have been discovered, and subsequently 

added to this pre-existing model; verbal and visual components (Baddeley, 1976), as 

well as prospective versus episodic components (Einstein et al., 2005). As indicated 
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above, various studies have demonstrated a relationship between memory and 

functional outcome. Of note, however, relatively few studies evaluate memory as a 

multi-factorial construct. The limited extant literature does, however, support the 

need to do so. Farias and colleagues determined that a specific decline in delayed 

memory functioning (as measured by word-list-learning) has a unique and 

independent effect on IADL's in older adults compared with other cognitive domains 

(Tomaszewski Farias et al., 2009).  Conversely, other studies have suggested that 

both immediate and delayed memory demonstrate significant, but varied 

relationships with measures of functional outcome (Jefferson et al., 2008; Ryan et al., 

1992; Jokinen et al., 2015). In addition, Nys et al., (2005) determined that both visual 

and verbal memory show promising results with respect to functional outcome.  

Findings with executive functions. Executive functions are defined as the ability to 

perform complex, goal-directed activities that require planning, judgement and 

decision-making, and are usually thought to be mediated by the prefrontal cortex and 

associated structures (Fortin, Godbout, & Braun, 2003). They have 

beenconceptualized as an overarching construct that has been parcelled into specific 

subdomains, including shifting, updating, inhibition, and generativity (Allanson et 

al., 2017; Miyake et al., 2000). A recent meta-analysis revealed a moderate 

relationship between executive function and independence in BADLs (Martyr & 

Clare, 2012), though Cahn-Weiner and colleagues (2002) failed to replicate this 

finding. They instead found a relationship between executive functions and IADL’s, 

suggesting that the additional complexity required in performing IADL’s meant that 

executive functions were more likely to be implicated (Cahn-Weiner, Boyle, & 

Malloy, 2002).  Only one study has examined individual subdomains of executive 

function via a meta-analysis (see Allanson et al., 2017), which has shown promising 
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results.  However, Allanson et al. (2017) only included studies of TBI, not ABI. 

Thus, the area of research should be extended to samples of non-traumatic ABI.  

Findings with visuospatial perception, attention and language. Visuospatial 

functions are defined by the ability to reproduce visual stimuli, and to understand 

shapes, images, the meaning of forms and their relationship to one another (Carter, 

Oliveira, Duponte, & Lynch, 1988). Deficits in visuospatial perception can lead to an 

inability to recognise visual information or spatial orientation, as well as difficulties 

understanding complex relationships and ideas, and can therefore affect an 

individual’s ability to return to driving and/or work (Mlinac & Feng, 2016). ADL’s 

frequently require the use of objects and tools in a changing environment. Studies 

have therefore demonstrated a relationship between aspects of activities of daily 

living such as grooming, bathing, dressing, and eating, to visuospatial abilities (as 

measured by visuospatial organisation and construction subtests) (Freilich & Hyer, 

2007; Perry & Hodges, 2000), while other studies have failed to find a relationship 

(Jehkonen et al., 2000; Park et al., 2015).   

Attention is a vital neuropsychological function as it can facilitate other 

cognitive domains that are required to carry out basic activities (Barker-Collo, 

Feigin, Lawes, Parag, & Senior, 2010). The construct of attention is often divided 

into multiple specialised functions, the two most common being sustained attention 

and divided attention (Barker-Collo et al., 2010a). Attention is critical for functional 

recovery, as one requires sustained attention to relearn abilities that may have been 

lost following brain damage, and divided attention to be aware of external stimuli to 

change tasks when required (Robertson, Ridgeway, Greenfield, & Parr, 1997). 

Previous studies have demonstrated a relationship between ADL’s and both basic 

(Freilich & Hyer, 2007) as well as sustained and divided attention (Hyndman & 
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Ashburn, 2003), though only a few have begun to look at the different predictive 

capacities of the subdomains of attention (e.g. selective, sustained, divided and 

alternating) (e.g. Campanholo et al., 2015).  

Language abilities include an individual’s ability to communicate, 

comprehend and repeat oral and written information. Although there are fewer 

studies demonstrating the relationship between language, ADL’s and QoL, (Chahal, 

Barker-Collo, & Feigin, 2011; Larson et al., 2003), the impact of language deficits 

on recovery following acquired brain injury is clear. Patients with aphasia, who are 

unable to communicate how they are feeling, or to understand and participate in 

therapy, can become isolated, as can individuals with more subtle language deficits 

(Wolters, Stapert, Brands & Van Heugten 2010). Furthermore, evidence suggests 

that rehabilitation leading to language gains markedly improves quality of life 

(Cruice, Worrall, Hickson, & Murison, 2003; Hilari, Byng, Lamping, & Smith, 

2003).  

Finally, a smaller number of studies have looked at other neuropsychological 

domains. For example, processing speed, apraxia and neglect. However, they have 

shown limited evidence at predicting outcome following ABI (Barker-Collo et al., 

2010a; Narasimhalu et al., 2011; Claesson et al., 2015). 

In summary, much of the extant literature has been inconsistent or difficult to 

interpret due to methodological limitations, but neuropsychological measures have 

shown promise in predicting ABI recovery. The only review of this literature that we 

were able to identify was a narrative review published in 2006, which indicated that 

memory and EF may be the most important predictors of functional outcome 

following ABI (Barker-Collo et al., 2006). However, much research has been 

published in the interim.  Furthermore, no systematic reviews or meta-analyses have 
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been evaluated the relationship between neuropsychological domains and functional 

outcomes following ABI (rather than TBI only, as reported in Allanson et al., 2017).  

This is important, as such a review would serve to critically evaluate and synthesize 

the existing literature. If evidence suggests that neuropsychological predictors are 

associated with outcome following ABI, this could inform a shift in rehabilitation 

strategies and health care, which could dramatically improve prognosis for individual 

survivors of ABI.  

2.2.4 Present Study 

The purpose of this present study was to comprehensively and quantitatively 

evaluate the existing literature regarding the neuropsychological domains and 

outcomes following an ABI. The literature was reviewed to identify the most 

common cognitive domains assessed in empirical studies, and the variety of 

outcomes following ABI. Conventional meta-analyses were performed to estimate 

the effects between the neuropsychological domains and each chosen outcome 

measure, and then a multiple regression was performed upon the meta-analytically 

derived correlation matrix. The multiple regression was considered potentially useful 

in determining the unique effects of neuropsychological predictors on the outcome 

measures, and the calculation of model R
2 

enabled the evaluation of the percentage of 

variance accounted for by the combination of predictors. 

2.3 Method 

2.3.1 Literature Search 

Studies used in this review were published between 1990 and August 2019. 

Initially, studies were identified through a comprehensive literature search using 

Medline, PSYCInfo, Science Direct, Scopus, Proquest, Web of Science, PSYCExtra. 

Reference lists of eligible studies were also checked for papers that may have been 
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missed by the electronic search. Finally, in order potentially capture studies in the 

grey literature, several active researchers in the field were informed that we were 

conducting a meta-analysis. We learned of one unpublished study from one of these 

researchers; however, we later learned that the sample upon which the study was 

based was not unique (i.e., used in another publication). Across all examined studies, 

the aim was to evaluate neuropsychological predictors of outcome following acute 

Acquired Brain Injury in all ages over 18, excluding traumatic brain injury (as this 

literature has already been reviewed in Allanson et al., 2017), or neurodegenerative 

disorders. Terms used in the search were neuropsych* assessment, cognit* testing, 

brain injury, acquired brain injury, head injury, brain ischemia, stroke, 

cerebrovascular accident, psychosocial outcome, functional outcome, activities of 

daily living, daily functioning, prognosis, community integration, quality of life and 

return to work. 

2.3.2 Inclusion Criteria 

Studies were selected for further review based on the following inclusion criteria; 

1. Sample: adults (over 18) with acquired brain injuries, excluding TBI, and 

excluding confirmed degenerative diseases such as Parkinson’s or 

Alzheimer’s dementia. Samples with mixed aetiologies (for example TBI and 

stroke) were included, if results were reported for each separate mechanism 

of ABI.  

2. Measures: Studies were included if they administered neuropsychological 

measures of specific cognitive domains to participants.  Papers were excluded 

if they used only a general screening measure of cognitive state such as the 

Mini Mental State Exam or the Montreal Cognitive Assessment.  
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3. Outcome measures: Studies were included if they defined their outcome 

measure, specifically targeting psychosocial or functional outcome. For 

example, formal outcome measures such as the Barthel Index, as well as 

more informal questionnaires regarding perceived life satisfaction. 

To reduce bias, all studies selected for this meta-analysis were reviewed by the 

authors PW and SG. The authors agreed with all but one study, which was discussed, 

and the decision was made to include the study. Subsequent coding of each study 

with respect to methodological quality rating (see below) was performed by the first 

author and reviewed by author MW. 

2.3.3 Study Selection 

All studies meeting the criteria above were reviewed further to determine the 

most common outcome measures used in this literature. Outcome measures 

determined to be the most common were the Barthel Index (BI), the Functional 

Independence Measure (FIM), the Modified Rankin Scale (MRS) and the Short Form 

36 (SF-36). If a study failed to report the necessary statistical results for the purposes 

of this meta-analysis, one or more of the authors of the articles were contacted to 

obtain the correlation coefficients and/or raw data. A detailed breakdown of the study 

selection process can be seen in Figure 2.1.   
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Figure 2.1. Results from the systematic literature search (PRISMA chart) 

  

In total, 23 studies were included in the meta-analysis. With respect to 

functional outcomes, the selected studies included either a measure of activities of 
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daily living, quality of life, or both. Studies were assessed for quality across several 

criteria (see Table 2.1). Correspondingly, each study was given a methodological 

quality rating of 0 to 12. A higher score was considered indicative of better 

methodological quality.  

 

Table 2.1 

Methodological Quality List Criteria (adapted from Allanson et al., 2017) 

Study population 

1. Demographic information (such as age, gender and method of recruitment is 

described) 

2. Clinical information (such as cause of injury, severity of brain injury, and the time 

since injury) is given 

3. Brain injury is classified according to a known classification (e.g. Subarachnoid 

Haemorrhage, left hemispheric stroke) 

4. Duration of follow-up is described 

5. Analyses comparing those lost to follow-up to those who were available were 

completed 

Outcome 

6. Appropriate range of neuropsychological domains are assessed. 

7. Norms are used as appropriate 

8. Quality of the instruments used to measure outcome is known 

9. The measure of outcome is measuring the variable of interest (e.g. is the outcome 

measure measuring what the study claims it is?) 

10. Outcome ratings are made independently of the assessment of predictors 

Analyses 

11. Sample size is adequate for number of predictors (e.g. > 10 per predictor) 

12. Significance is corrected for multiple analyses 

Note. Studies were scored one point for each criterion 

  

Studies included in this review are summarised in Table 2.2. Across the 

included studies, the first author extracted the following: (1) correlation coefficients 
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between outcome measures and neuropsychological tests, (2) sample size from each 

study and (3) sample characteristics such as study design (longitudinal or cross-

sectional), time since injury and ABI type.
2
  

                                                 

 
2 We also aimed to include estimates of internal consistency reliability for the test scores. 

However, so few of the studies reported internal consistency reliability for their measures 

that it was not feasible. 
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Table 2.2 

Overview of Studies Included in the Meta-analysis 

Authors Relevant Outcome 

Variables 

Study characteristics Tests administered Authors conclusions Methodological 

quality rating (0-12) 

Adamit et al. 

(2015) 

Stroke Impact Scale 249 participants with mild ischemic 

stroke were tested 3 months’ post-

stroke 

EFPT, Dysexecutive 

Questionnaire  

Cognitive and Executive Function 

difficulties contributed to patient 

perceptions of quality of life, and 

participation. 

9 

Adunsky et 

al. (2002) 

Functional 

Independence 

Measure 

151 acute-stroke patients admitted 

to inpatient rehabilitation, tested 

between 24 and 72 hours after 

admission. The average length of 

rehabilitation was 39 days. 

  

CDT The CDT correlates with the change of 

functional status during rehabilitation. CDT 

in particular is preferred with respect to its 

relationship with motor outcome in ADLs 

9 

Andrade et 

al. (2012) 

Functional 

Activities 

Questionnaire 

50 patients with vascular 

subcortical lesions following 

stroke were tested three months’ 

post-stroke.  

TMT A and B, WMS LM I and II, 

ROCF Copy and Delayed 

Recall, COWAT (FAS and 

Animals), Excluded Letter 

Fluency, CLOX 1 and 2, Stroop 

Test, WCST, WAIS Digit Span 

Performance on neuropsychological tests 

worsens with increased impairment. 

Executive functions were greatly 

compromised and reflected difficulties in 

ADLs.  

10 

Barker-Collo 

et al. 

(2010a) 

Barthel Index, 

Short-Form 36 

94 participants of ischemic stroke 

admitted to hospital over 18 

months were tested within 4 

weeks’ post-stroke.  

TMT A and B, Bells Test, 

PASAT, IVA-CPT 

Attention deficits are common post-stroke 

with most participants impaired or very 

impaired. Attention is a viable target for 

rehabilitation. 

11 

Barker-Collo 

et al. 

(2010b) 

Barthel Index, 

Modified Rankin 

Scale, Fenchay 

Activities Index, 

Short-Form 36 

307 participants from 2002-2003 

ARCOS Stroke Study consented 

to neuropsychological testing in 

2007. Participants completed 

questionnaires at home and 

participated in follow-up testing.  

TMT A and B, Stroop, IVA-CPT, 

CVLT-II, WMS LM I and II, 

Visual Paired Associates, 

ROCF Copy and Delayed 

Recall, WAIS-III Block Design 

and Matrix Reasoning, Bell's 

Test, COWAT, BNT 

5-year post-stroke survivors experienced 

deficits in visuoperceptual abilities, 

memory, processing speed, executive 

functioning. These were independently 

associated with handicap, disability and 

health-related quality of life over and above 

other non-neuropsychological predictors.  

11 
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Campanholo 

et al. (2015) 

Modified Rankin 

Scale 

28 participants with ischemic stroke 

due to Basilar Artery Occlusive 

Disease were tested 6 months’ 

post-stroke. 

TMT A and B, Stroop Card 3, 

SDMT, Phonemic Verbal 

Fluency Task, Category 

Fluency Test (animals), 

Modified WCST, WAIS Digit-

Span, HVLT-R, BNT, VOSP 

Battery: Fragmented Letters and 

Position Discrimination 

Patients presented impairments in attention, 

processing speed, visuospatial skill, 

executive function and memory. Functional 

Capacity outcomes were significantly 

related to neuropsychological test results in 

75% of patients. 

9 

Cumming et 

al. (2014) 

Assessment of 

Quality of Life 

60 participants admitted to the 

stroke unit between 2009-2011. 

In 2010, participants were tested 

immediately following 

recruitment.  Follow-up visits 

occurred at 3 and 12 months. 

Neuropsychological testing 

occurred initially, and at 3 

months, and assessment of QoL 

occurred at 12 months. 

TMT A and B, WAIS Digit-

Symbol and Digit-Span test, 

WAIS-R Block Design, ROCF 

Copy and Delayed Recall, 

HVLT-R retention and 

recognition, COWAT letter and 

animal fluency, BNT (Short-

30), Token Test (Short-16), Star 

Cancellation 

Cognition is strongly associated with QoL 

after stroke, in particular in the domains of 

attention and visuospatial ability. Cognitive 

capacity at 3 months predicted poorer QoL 

at 12 months.  

11 

Champod et 

al., (2018) 

Barthel Index, 

Modified Rankin 

Scale 

340 participants admitted to the 

acute stroke unit. The 

Orientation Test and CDT were 

administered within 7 days of 

admission. Outcome measures 

were administered 1-year post-

stroke.   

The Orientation Test, CDT Performance on the CDT in acute stroke was 

found to be directly related to long-term 

outcomes, including the patient’s ability to 

perform ADLs and return to daily 

occupations. 

8 

D'Aniello et 

al. (2014) 

Short-Form 36, 

Psychological 

General Well-Being 

Index 

81 patients with stroke diagnosis 

were tested within their 1st to 4th 

rehabilitative follow-up, up to 2 

years’ post-stroke.  

 

CDT, Raven's Matrices Memory, orientation, language and attention 

are most likely impaired and significantly 

associated with self-perceptions of health 

9 
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Hajek et al. 

(1997) 

Barthel Index, 

Functional 

Independence 

Measure, Modified 

Rankin Scale 

66 patients were tested between 23-

163 days (average, 49 days) post-

stroke. Patients had received an 

average of 2-3 months 

rehabilitation. 

Raven's Matrices, BNT Cognitive tests did not correlate highly with 

any functional tests however cognition was 

severely impaired. Rehabilitation outcome 

could be better predicted with a more in-

depth analysis of cognitive assessment.  

9 

Hyndman et 

al. (2007) 

Nottingham 

Extended Activities 

of Daily Living 

122 participants were tested an 

average of 80 days’ post-stroke, 

then 6- and 12-months later. 

Average length of stay (LOS) in 

hospital was 79 days. 

TEA; Map search, elevator 

counting - distraction and 

visual/auditory stimulus, 

telephone directory, lottery 

Attention and function correlated 

significantly, though correlation was 

reduced after controlling for functional 

ability 12 months later. Hence, attention 

was not an important predictor of outcome 

at 12 months.  

10 

Hyndman et 

al. (2003) 

Nottingham 

Extended Activities 

of Daily Living 

48 patients were tested an average 

of 32 months’ post-stroke  

TEA; Elevator counting, 

telephone directory 

Attention deficits correlated with functional 

impairment and falls, highlighting that 

attention contributes to accident-prone 

behaviour and outcome following stroke.  

10 

Jaywant et 

al., (2018) 

Functional 

Independence 

Measure 

100 individuals with mild-moderate 

stroke severity were tested in an 

acute inpatient rehabilitation unit. 

Testing was completed at 

admission (up to 10 days post-

stroke). Average LOS was 14.6 

days. 

TMT A and B, SDMT, COWAT, 

HVLT-R (the test battery was 

named the NINDS-CSN) 

It was confirmed that the NINDS-CSN 

battery was sensitive to cognitive 

impairment and predicted discharge IADL. 

The SDMT demonstrated the strongest 

predictive validity. 

10 

Jokinen et 

al. (2015) 

Modified Rankin 

Scale 

409 stroke patients were tested 3 

months’ post-stroke.  

TMT A and B, Stroop; DKEFS 

Colour Naming and 

Interference, WCST, Verbal 

Fluency, phonemic and 

semantic, WAIS Digit-Span, 

WMS LM I and II, FOME - 

immediate and delayed, WAIS-

R Block Design, Figure 

Copying, CDT, WAIS-R 

Similarities, Token Test, BNT, 

BDAE, Samples, Arithmetic, 

Bells Test, Poppelreuter 

(Agnosia) 

Post-stroke cognitive impairment is strongly 

related to poor functional outcome, even 

with successful clinical recovery. Multiple 

domains and complex cognitive abilities 

are affected.  

10 
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Larson et al. 

(2003) 

Functional 

Independence 

Measure Cognitive, 

Frenchay Activities 

Index, Fugl-Meyer 

Life Satisfaction 

Questionnaire 

34 patients were tested at admission 

following stroke, and again 6-

months post-discharge. Average 

LOS was 28 days. 

RBANS; List-learning and Story 

memory, Figure Copy, Line 

Orientation, Picture Naming, 

Semantic Fluency, Digit Span, 

Coding, List Recall, List 

Recognition, Story Memory 

(delay), Figure Recall 

Multiple regression analysis indicated that 

neuropsychological assessment predicted 

cognitive disability 6 months later. 

Cognitive evaluation is necessary in acute 

stroke patients to assist with prediction of 

outcome and treatment planning.  

11 

McDowd et 

al. (2003) 

Stroke Impact Scale 55 participants were recruited at 

least 6 months’ post-stroke, and 

tested in two sessions on 

consecutive days.   

Switched and Divided Attention 

Tasks 

Attentional deficits were associated with a 

more negative impact of stroke on daily 

functioning. That is, deficits in attention 

revealed significant associations with 

physical and social outcome measures.  

9 

Park et al., 

(2013) 

EQ-5D 100 Post-Stroke patients (50 no 

dementia, 50 dementia) were 

recruited from the Stroke 

Prevention Clinic between 2007-

2009. They were tested within 3 

months of stroke onset. 

TMT A and B, COWAT, Digit 

Symbol Coding, BNT-Short 

form, ROCF copy, Seoul Verbal 

Learning Test 

After adjusting for functional status, no 

cognitive domain was specifically 

associated with EQ-5D scores. However, 

QOL in patients Post-Stroke with no 

dementia may still be affected.  

8 

Park et al., 

(2015) 

Modified Rankin 

Scale (mRS) 

182 patients with mRS score of 2-5 

were measured between 3- and 

12-months’ post-stroke.  

Animal naming, COWAT, Digit 

symbol coding, TMT A and B, 

ROCF copy and delayed recall, 

BNT, HVLT. 

74 patients with executive impairment 

demonstrated significantly less 

improvement in functional outcome, 

though domains of memory, visuospatial 

ability and language were not associated 

with functional recovery 

10 

Passier et al. 

(2012) 

Stroke-Specific 

QoL Scale 

113 participants were tested 3 

months following SAH. 

WAIS Digit-Span, Category 

Fluency Task, ROCF Copy and 

Delayed Recall, RAVLT, 

BSAT, Phonological Fluency 

for Concept Generation Test, 

Stroop task 

Cognitive functioning at three months is an 

important predictor of HRQoL 1 year after 

SAH.  

10 
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Pavol et al. 

(2017) 

Functional 

Independence 

Measure 

126 patients were recruited from an 

acute rehabilitation ward. The 

average length of rehabilitation 

duration was 6.8 days. 

RBANS; Figure Copy, Line 

Orientation, Picture Naming, 

Semantic Fluency, Digit Span, 

Coding, List Recall, List 

Recognition, Story Memory 

(delay), Figure Recall 

Neuropsychological tests predicted mobility 

gains for patients undergoing inpatient 

rehabilitation beyond what was predicted 

by other assessments of cognition 

(FIMCog) 

9 

Robertson et 

al. (1997) 

Barthel Index, 

Nottingham 

Extended Activities 

of Daily Living 

47 participants were tested 2-

months post-stroke, and then 

again at two years’ post-stroke. 

Average LOS in hospital was 24.7 

days. 

TEA; Map search, elevator 

counting - distraction and 

visual/auditory stimulus, 

telephone directory, lottery 

Significant correlations were found between 

attentional capacity at two months and 

functional status at two years.  

9 

Van Der 

Zwaluw et 

al. (2010) 

Barthel Index 188 participants with first cerebral 

stroke were tested within 7-days 

post-stroke.  

CDT Cognitive screening in the acute phase, was 

a feasible predictor of patient discharge 

location, and of functional status. 

9 

Verhoeven 

et al. (2011) 

Barthel Index, 

Frenchay Activities 

Index, Life 

Satisfaction 

Questionnaire 

(LiSat-9) 

92 patients were assessed 1-year 

post-stroke.  

TMT A and B, Token Test, BNT 

(Short-30), RAVLT, BFRT, 

JLO 

Cognitive functioning was associated with 

functional independence, social 

participation, mood and life-satisfaction at 

one years.  

10 

Note. BDAE Boston Diagnostic Aphasia Examination, BFRT Benton Facial Recognition Test, BNT Boston Naming Test, BSAT Brixton Spatial Anticipation Test, CDT Clock-

Drawing Task, COWAT Controlled Oral Word Association Test, CVLT - II California Verbal Learning Test - 2nd Edition, DKEFS Delis Kaplan Executive Function System, EFPT 

Executive Function Performance Test, FOME Fluid Object Memory Evaluation, HVLT-R Hopkins Verbal Learning Test - Revised, IVA-CPT Integrated Auditory Visual Continuous 

Performance Test, JLO Judgment of Line Orientation Test, PASAT Paced Auditory Serial Addition Test, RAVLT Rey Auditory Verbal Learning Test, RBANS Repeatable Battery 

for the Assessment of Neuropsychological Status, ROCF Rey-Osterrieth Complex Figure, SDMT Symbol Digit Modalities Test, TEA Test of Everyday Attention, TMT Trail Making 

Test, VOSP Visual Object and Space Perception, WAIS Wechsler Adult Intelligence Scale, WMS Wechsler Memory Scale, WMS LM Wechsler Memory Scale Logical Memory 
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2.3.4 Independent Variable Classification 

Independent variables were classified on the basis of which 

neuropsychological dimension they were purported to measure. The classification 

system was determined, in part, by experienced clinical neuropsychologists (authors 

CP and MW), on the basis of their familiarity with the factor analytic research, the 

relevant technical manuals and textbooks (e.g., Lezak, Howieson, Loring & Fischer, 

2004), as well as the test items. Dimensions were included on the basis of the 

following criteria (adapted from Allanson et al., 2017): 

1. A majority of the studies had to have included tests of that 

neuropsychological dimension. That is, if eight studies were included in the 

meta-analysis, at least four of those had to include that dimension (e.g. a 

dimension such as processing speed would not be included, if it was 

measured by only two of eight studies).  

2. If a neuropsychological dimension was measured with a different test in a 

study, the test had to be comparable, with respect to the dimension of interest. 

For example, Trail Making Test A was consistently utilised as a measure of 

continuous attention, even though some may consider it a measure of 

processing speed. Alternatively, the most comprehensive and general 

measure of attention was identified, based on previously conducted factor 

analysis research. 

3. Based on the above criteria, 17 studies that examined neuropsychological 

predictors and activities of daily living were included in the meta-analysis. 

Nine studies that examined neuropsychological predictors and quality of life 

were included in the second meta-analysis. Correlation coefficients (r) were 

extracted from each study and were used as effect sizes in the analysis. Table 
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2.3 describes the neuropsychological dimensions and tests used in the 

activities of daily living and the quality of life meta-analyses.   

Table 2.3 

Neuropsychological Dimensions and Tests Included in the Meta-Analyses 

Activities of Daily Living 

Neuropsychological Dimensions Neuropsychological Tests k 

Executive Functions WCST  

Trails Making Test Part B  6 

Delayed Memory Logical Memory II from the WMS-R 

HVLT-R delayed recall trial 

CVLT-II long delay trial,  

RBANS List recall, list recognition, Story Recall and 

figure recognition 

RAVLT delayed recall trial 

9 

Language Boston Naming Test 

Token Test 

RBANS picture naming and semantic fluency 
COWAT animal naming 

10 

Attention Trail Making Test Part A 

TEA Elevator Counting 

RBANS digit span and coding 

Switched and Divided Attention Task involving 

stimulus presentation and timed responses 

11 

Visuospatial Abilities Visual Object and Space Perception Battery: Position 

Discrimination 

RBANS Figure Copy and Line Orientation 

Clock Drawing Task 

Judgement of Line Orientation Task 

Copy Trial from the Rey-Osterrieth Complex Figure 

11 

Quality of Life 

Neuropsychological Dimensions Neuropsychological Tests k 

Executive Functions Frontal Assessment Battery 

Trail Making Test Part B 

Brixton Spatial Anticipation Test 

Phonological Fluency for Concept Generation Test 

5 

Delayed Memory HVLT-R delayed recall trial 

Logical Memory I from the WMS 

RAVLT delayed recall trial 

RBANS List Learning and Story Recall 
Seoul Verbal Learning Test, delayed recall trial 

5 

Language Boston Naming Test 

RBANS picture naming and semantic fluency 
Token Test 

5 
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Quality of Life  

Neuropsychological Dimensions Neuropsychological Tests k 

Attention Trail Making Test Part A 

RBANS Digit Span and Coding 

WAIS-III Digit Span Forward 

Stroop Test, Divided attention task 

6 

Visuospatial Abilities Position Discrimination 

Benton Facial Recognition Test 

Copy Trial from the Rey-Osterrieth Complex Figure 

RBANS Figure Copy and Line Orientation 

Judgement of Line Orientation Task 

6 

 

2.3.5 Dependent Variable Criteria 

Our review identified the following two relatively commonly measured 

outcome measurement types: activities of daily living and quality of life. Measures of 

activities of daily living included: Functional Independence Measure, Barthel Index, 

Modified Rankin Scale, Frenchay Activities Index, IADL scale (Lawton & Brody, 

1969), Nottingham Extended Activities of Daily Living (NEADL) and the Functional 

Activities Questionnaire. Some studies (six) used multiple measures of activities of 

daily living. In this case, the most comprehensive measure was chosen to represent 

activities of daily living. Specifically, measures of instrumental activities of daily 

living (rather than basic activities) formed the majority of outcome measures used in 

the literature (see Table 2.4).  All measures were chosen on the basis of them being 

widely regarded as measures of outcome following acquired brain injury. 

Measures of quality of life included: Stroke Impact Scale (SIS), Short-Form 

36, Assessment of Quality of Life (AQoL), Fugl-Meyer Life Satisfaction 

Questionnaire (LSQ or LiSAT-9), the EQ-5D and the Stroke-Specific Quality of Life 

Scale (SS-QoL). Measures were again included on the basis of their respectable 

psychometric properties (detailed in Table 2.4).
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Table 2.4 

Outcome Measures Used for Activities of Daily Living 

Test Name Description Number of 

Items 

Response Scale Reliability 

Functional 

Independence 

Measure (FIM) 

Measures level of disability with respect to 

burden of care
1
. The FIM is grouped into 

two subscales – motor and cognition. The 

motor scale evaluates ability to perform 

tasks such as eating, grooming and 

bathing. The cognition scale evaluates 

ability in terms of comprehension, problem 

solving, memory, expression and social 

interaction
1
  

18; Motor (13) 

and Cognition 

(5)  

Each item is given a rating from 

1 (requires assistance) to 7 

(complete independence). 

Test-retest reliability for the scale is good 

(FIMcog ICC=0.80) to very good 

(FIMmot ICC= 0.90)
2
. The FIM has been 

found to correlate highly with the BI (r = 

0.77)
3
.   

Barthel Index 

(BI) 

A commonly used scale in stroke settings 

to assess self-care and mobility across the 

following sub-domains: feeding, bathing, 

grooming, dressing, bowel and bladder 

control, toilet use, bed to chair transfers, 

mobility (on a level surface) and stairs
4
. 

10 Two items are rated on a two-

point scale (0 to 1), six items on 

a three-point scale (0 to 2), and 

two items on a four-point scale 

(0 to 3), with lower scores 

indicating a greater level of 

disability
4
 

Internal consistency reliability of the 

measure has been reported to be good (α = 

.80)
4
 to excellent (α = .93)

5
.  

Modified Rankin 

Scale (mRS) 

Measures the degree of disability in 

Activities of Daily Living in individuals 

who have suffered neurological damage
6
.  

No item limit. 

Can be given as 

a structured 

interview
6
 

The scale rates the patient on an 

increasing level of disability 

from 0 (no symptoms at all) to 6 

(dead)
7
.  

Inter-rater reliability has been found to 

improve with structured interviews 

(weighted kappa = .56 to .78) though test-

re-test reliability is strong (weighted 

kappa = 0.81 to 0.95)
7
. The Modified 

Rankin Scale has been reported to 

correlate substantially with the BI (r = .68 

to .89)
3,7

. 
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Frenchay 

Activities Index 

(FAI) 

A measure of Instrumental ADLs. It is 

separated into 3 subscales; domestic 

chores, leisure/work and outdoor 

activities.
8
 

15 Each item is given a score 

depending on the frequency with 

which the item or activity is 

undertaken over the past 3 or 6 

months; 0 (never) to 3 (most 

days). A total score (0-45) is 

calculated
8
 

Inter-rater reliability is good (0.78 to 

0.87)
8
, and construct validity is supported 

through correlations with other measures 

(such as the BI: r = 0.8).
9
  

Lawton 

Instrumental 

Activities of 

Daily Living 

(IADL) 

A measure of ADLs that consist of 

domains of functioning performed in the 

community or around the house, such as 

shopping, finances and transportation
10

 

8 Patients are given a score in 

each domain of 0 or 1, 0 

indicating an increased level of 

disability. The patient is then 

given a total score between 0 

and 8
10

 

Inter-rater reliability was established at 

0.85.
11

 Validity of the measure was 

assessed against four tests of functional 

status, with resulting correlations ranging 

from r = 0.4 to 0.61.
10

 

Nottingham 

Extended 

Activities of 

Daily Living 

(NEADL) 

Used to assess the level of activity of 

stroke patients living in the community. It 

assesses different activities across four 

different subscales; mobility, kitchen, 

domestic and leisure activities.
12

 

22 Participants respond with 

respect to their ability to 

perform the activity on a scale 

of 0 (not at all) to 3 (on my 

own)
12

 

Individual item Kappa coefficients for 

reliability ranged from .62 to 1.00.
13

 

Coefficients of reproducibility were 0.9, 

within accepted limits.
14

 Validity of the 

measure has been confirmed using 

correlations with other measures such as 

the BI (r = 0.88) and the FAI (r = 0.9)
9
 

Functional 

Activities 

Questionnaire 

(FAQ) 

The FAQ is a screening tool consisting of 

ten items to assess independence in 

Activities of Daily Living
15

   

10 For each item, the informant 

rates level of independence from 

3 (dependent) to 0 (completely 

independent). The sum of scores 

ranges from 0-30 with higher 

scores reflecting greater 

dependency
15

 

Reports on reliability suggest that the 

measure has good sensitivity (0.85), and 

informant estimates of participant function 

on the FAQ were highly correlated (r = 

0.72).
15

 Recent studies have confirmed the 

FAQ correlates well with the IADL (r = 

0.72) as a measure of Daily Living
16

 

Note. 
1
Van der Putten, Hobart, Freeman, & Thompson, (1999);  

2
Pollak, Rheault, & Stoecker (1996); 

3
Hajek, Gagnon & Ruderman (1997); 

4
Shah, Vanclay, & 

Cooper, (1989); 
5
Hsueh, Lee, & Hsieh (2001); 

6
Sulter, Steen, & De Keyser (1999); 

7
Banks & Marotta (2007); 

8
Schuling, De Haan, Limburg, & Groenier (1993); 

9
Sarker, Rudd, Douiri & Wolfe (2012);

10
Graf (2009); 

11
Lawton & Brody (1969); 

12
Nair, Moreton and Lincoln (2011); 

13
Nouri & Lincoln (1987); 

14
Lincoln & 

Gladman (1991); 
15

Pfeffer et al., (1982); 
17

McDowell (2006); ICC Intraclass correlation coefficient  
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2.3.6 Outcome Measures Described 

Details outlining the outcome measures chosen for activities of daily living 

can be seen in Table 2.4. All measures were either self-rated, rated by a primary care 

giver, or an experienced clinician. Reliability and validity across measures ranged 

from good to excellent (see Table 2.4), and the measures have been demonstrated to 

correlate highly with well-known instruments, such as the Barthel Index and similar 

measures of activities of daily living. 

Details outlining outcome measures of quality of life can be seen in Table 2.5. 

Each instrument is self-report and designed to be a subjective measure of perceived 

quality of life. Reliability and validity, again, range from good to excellent. 

Furthermore, the inter-correlations with other measures of QoL range from r = .40 to 

r = .70.
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Table 2.5 

Outcome Measures Used for Quality of Life 

Quality of Life Description Number of 

Items 

Response Scale Reliability 

Stroke Impact 

Scale (SIS) 

The SIS is a self-report measure of health status 

following stroke. It measures multiple aspects of 

stroke outcome including physical, cognitive, 

emotional, social/communication properties as 

well as activities of daily living. 

59 items; 8 

domains 

Participants respond on a scale from 

5 to 1, 5 indicating increased 

difficulty at performing an action, 

inability to complete a task, or 

frequency (none of the time).
1
 

Reliability and validity of the 

measure is excellent with 

Cronbach’s Alpha coefficients 

ranging from 0.87 to 0.95
2
, and 

item correlations with measures 

such as the LSQ and SF-36 ranging 

from r = 0.4 to 0.84.
1
 

Short-Form 36 

(SF-36) 

The SF-36 was created to enable a subjective 

account of personal health. The questionnaire 

contains items covering nine variables; physical 

functioning, social functioning, role limitations 

due to physical problems and emotional 

problems, mental health, energy and vitality, pain 

and general perception of health.
3
 

36 Items are scored and coded to a 

scale of 0 (worst health status) to 

100 (best possible health status).
3
 

The measure has satisfactory 

reliability (Cronbach’s α>0.7).
4
 

Assessment of 

Quality of Life 

(AQoL) 

The AQoL was designed to comprehensively 

measure Health-related Quality of Life (HRQoL). 

It measures five dimensions; physical sense, 

psychological wellbeing, independence in daily 

living, illness, and social relationships.
5
 

15 Participants make a multiple-choice 

selection ranging from A (little 

difficulty) to D (marked 

difficulty). Items are then given a 

score of 1-4 (corresponding to 

their selection of A-D 

respectively).
5
 

Internal consistency is found to be 

excellent (Cronbach’s α = 0.81)5, 

and validity of the measure has 

been confirmed with correlations 

with the SF-36 ranging from r = 

0.46 to 0.80.
6
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EQ-5D The EQ-5D was created during the course of 

developing a standardised instrument for 

describing and evaluating a patient’s health and 

perceived Quality of Life. The questionnaire 

generates questions on mobility, pain, usual 

activities, self-care and psychological status. 
7
 

5 Participants give themselves a score 

of 1-3 on each question (1= no 

problem, 2 = moderate problem, 3 

= severe problem). The maximum 

score of 1 indicates best health 

state, with higher scores 

indicating more severe 

problems.
78

 

Reliability is estimated to be 

excellent (Cronbach’s α = 0.71-

0.80)
8
, and the measure has 

demonstrated moderate 

correlations with other measures of 

HRQoL (e.g. SF-36, r = .40 - .62)
9
. 

Fugl-Meyer 

Life 

Satisfaction 

Questionnaire 

(LSQ or 

LiSAT-9) 

The LSQ is a Swedish measure of QoL consisting 

of various aspects of life satisfaction including; 

ADLs, depression, general and mental health, 

social support and relationships, occupational and 

financial performance, life participation and 

general quality of life.
10

 

9 Participants answer on a six-point 

Likert scale from 1 (very 

dissatisfied) to 6 (very satisfied). 

A total life satisfaction score is 

computed, and typically scores 

are divided between dissatisfied 

(1-4) and satisfied (5-6).
10

  

In patients with ABI, reliability is 

moderate (weighted k from 0.41 to 

0.64), and discriminant validity is 

good.
11

 

Stroke-Specific 

Quality of Life 

Scale (SS-QoL) 

The SS-QoL was intended to provide a self-rated 

assessment of health-related quality of life for 

patients with stroke. It features 12 domains; 

mobility, energy, upper extremity function, 

work/productivity, mood, self-care, social roles, 

family roles, vision, language, thinking and 

personality.
12

 

49 items;12 

domains 

Reponses are measures on a 5-point 

Likert scale across three different 

response sets; 1 (total help) to 5 

(no help needed at all), 1 

(couldn’t do it at all) to 5 (no 

trouble at all) and 1 (strongly 

agree) and 5 (strongly disagree), 

with higher scores indicating 

better functioning.
12

 

Internal consistency reliability was 

measured by Williams et al., 

(1999b) in which items ranged 

from adequate (Cronbach’s α = 

0.75) to excellent (Cronbach’s α = 

0.89). The SS-QoL correlates with 

the items on the LSQ between r = 

.35 to .72.
13

  

Note. 
1
Duncan et al., (1999); 

2
Edwards & O-Connell (2003); 

3
Jenkinson, Coulter & Wright, (1993); 

4
Anderson, Laubscher & Burns, (1996); 

5
Hawthorn, Richardson & 

Osborne (1999); 
6
Osborne, Hawthorn, Lew & Gray (2003); 

7
Group, (1990); 

8
Brooks & Group (1996); 

9
Vogler, Klein & Bender (2014); 

10
Visser-Meily, et al., (2008); 

11
Boonstra, Reneman, Stuart & Balk (2012); 

12
Williams, Weinberger, Harris & Clark (1999a); 

13
Boosman, Passier, Visser-Meily, Rinkel & Post (2010) 
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2.3.7 Correlation Analysis 

Correlations were recorded between the relevant outcome measure and the 

following neuropsychological predictors: attention, executive functioning, memory, 

language, and visuospatial reasoning. In the event that correlations were reported 

across different sub-domains of the outcome measure (e.g., correlations across the 

FIM cognitive items and the FIM motor items, separately), Fisher’s Z 

transformations were applied to calculate an average Fisher’s Z value which was then 

back transformed into a single correlation (Fisher, 1915). Where negative 

correlations indicated better performance (e.g., the Trail Making Test B, i.e., better 

performance is based on quicker response speed), the correlations were reflected to 

be consistent with the other predictors. 

2.3.8 Meta-Analysis  

The meta-analysis was performed using the ‘metafor’ (command: rma.uni) 

package (version 3.6.1) developed for R. The correlations and sample sizes were first 

examined for influential cases (using the ‘influence’ command within the ‘metafor’ 

package). A leave-one-out analysis was also performed to evaluate the degree to 

which one or more effect sizes may have exerted an influence on the results (Wilcox, 

2011). Based on the guidelines of Viechtbauer and Cheung (2010) regarding 

influential cases, all studies were maintained for both analyses.  

A “bare bones” meta-analysis (Hunter & Schmidt, 2004) was conducted on 

the uncorrected correlations and the “HS” (Hunter Schmidt) estimation method for 

random effects was used (Vichtbauer, 2010). The barebones meta-analysis was 

conducted on the transformed correlations via the “UCOR” function, which was used 

to account for the slightly negative bias in the raw Pearson correlation coefficients 

(Olkin and Pratt, 1958). Heterogeneity was tested statistically using the I
2 

statistic, 
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which is computed as the percentage of variability in effect sizes that are due to true 

differences among the studies (Hedges & Olkin, 1985). It must be noted that the 

evaluation of heterogeneity using I
2 

cannot be considered valid (Von Hippel, 2015), 

when the number of studies in the meta-analysis is small (<10). However, I
2
 is 

reported for thoroughness. Forest plots, and funnel plots with trim and fill were 

consulted to evaluate the possibility of publication bias (Kepes, Banks, McDaniel & 

Whetzel, 2012). Additionally, Egger’s regression test of funnel plot asymmetry was 

also performed (Egger, Smith, Schneider, & Minder, 1997). Finally, Henmi and 

Copas 95% effect size confidence intervals were estimated, as they have been 

demonstrated to be more accurate in the presence of publication bias (Henmi & 

Copas, 2010).  

2.3.9 Meta-Analytic Structural Equation Modelling (MASEM) 

Following the barebones meta-analyses above, a multivariate meta-analytic 

structural equation model (MASEM) analysis was conducted (Jak, 2015), in order to 

estimate two multiple regression models with the neuropsychological domains as 

predictors and the two outcome variables as the dependent variables (i.e., activities of 

daily living and quality of life). As it was reasonable to expect that there would be 

variations in samples, measures, and study designs that would result in study-specific 

differences in correlations, a random-effects model was adopted. Furthermore, our 

two MASEMs were based on a two-stage structural equation modelling (TSSEM) 

approach (Jack, 2015). First, we estimated the pooled correlation matrices via 

maximum likelihood estimation with the metaSEM package for R (Cheung, 2015). 

Next, we used metaSEM to estimate the unique effects (beta-weights) and the 

multiple correlations, with the pooled correlation matrices estimated at step 1 as 

input, and weighted least squares estimation, as per Cheung (2013). The analyses 
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were conducted with sample sizes of N = 2,384 (activities of daily living) and N = 

1,037 (quality of life). 

2.4 Results 

2.4.1 Meta-Analysis: Activities of Daily Living 

As can be seen in Table 2.6 (right-hand side), the amount of heterogeneity 

indicated by the I
2
 effect size measure associated with each meta-analysis was 

considered possibly non-negligible. However, as indicated above, I
2
 is difficult to 

interpret validly when k < 10 (see Von Hippel, 2015). Consequently, a series of 

forest plots were consulted, and they suggested relatively homogeneous effects (see 

Figure 2.2). Furthermore, a leave-one-out analysis was also performed to determine 

whether one or more effect sizes may have exerted a substantial influence on the 

results. As none of the correlations differed by more than r = .04, all of the study 

correlations were included for the analysis. 
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Figure 2.2. Forrest plot of observed correlation coefficients for activities of daily living meta-analysis; diamond represents overall effect size; 

numbers in brackets are 95% confidence intervals of point estimation
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As can be seen in Table 2.6 (left-hand side), all of the neuropsychological 

predictors correlated with activities of daily living statistically significantly (p < 

.001). Furthermore, the directions of the correlations suggested better cognitive 

functioning was associated with better outcome (range: executive function, r = .29; 

visuospatial/perceptual, r = .41), as hypothesized. Based on Gignac and Szodorai’s 

(2016) empirically derived guidelines, the correlations were between typical and 

relatively large.  

Table 2.6 

Meta-Analytic Correlations Between Neuropsychological Dimensions and ADLs 

  r p N 95% CI k I
2
 Q 

Memory .31 <.001 1328 .20, .41 9 69.99 31.88 

Language .33 <.001 1394 .26, .40 10 47.16 19.88 

Attention .38 <.001 1365 .30, .46 11 55.97 27.22 

Executive function .29 <.001 1076 .19, .39 6 54.79 14.38 

Visuospatial/perceptual  .41 <.001 1907 .34, .48 11 66.19 33.57 

Note. r = correlation; p = significance, N = sample size, CI = confidence intervals; k = number of 

studies included in the analysis; ADL = Activities of Daily Living; Hunter-Schmidt estimation 

method. 

 

Finally, publication bias was evaluated with three well-known analyses: a 

funnel plot, a contour-enhanced funnel plot, and a funnel plot with trim and fill. As 

can be seen in Figure 2.3, nearly all of the correlations fell within the triangular zone, 

or just outside the triangular zone on the funnel plot, suggesting only a small amount 

of evidence for bias (Sterne et al., 2011).   
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 Memory       Executive Function  

    
 Attention                  Language  

    
Visuo-spatial/Perceptual  

 

Figure 2.3. Funnel plots based on observed correlations for activities of daily living 

meta-analysis with memory, executive functions, attention, language and 

visuospatial/perceptual.  
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Correspondingly, there was a relatively balanced distribution of scores falling 

within the white and grey areas of the contour-enhanced funnel plot (Figure 2.4), 

again, suggesting a small amount of publication bias. Correspondingly, Egger’s 

regression test of funnel plot asymmetry was not significant (attention, t(9) = -1.58, p 

= .149; executive function, t(4) = .72, p = .513; language, t(8) = -1.18, p = .270; 

memory, t(7) = -.02, p = .819; visuospatial/perceptual, t(9) = .48, p = .640).   
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Memory               Executive Function                  

             

Attention              Language  

  
 

          Visuo-spatial/Perceptual  

 
Figure 2.4. Contour-enhanced funnel plot on observed correlations for activities of 

daily living meta-analysis with memory, executive functions, attention, language and 

visuospatial processing.  
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Finally, the trim-and-fill analysis suggested the possibility of two missing 

studies for the memory meta-analysis, two for the attention meta-analysis, and none 

for language, visuospatial reasoning or executive functions (see Figure 2.5).  

   Memory          Attention   

           

Visuospatial/perceptual 

 

Figure 2.5. Trim and fill funnel plot. Results are shown for the activities of daily 

living meta-analysis with memory, attention and visuospatial/perceptual.  

 

Based on the inclusion of the two estimated missing correlations for the 

memory, attention and visuospatial meta-analyses, the adjusted correlations were 

estimated at r = .36, p < .001 (95% CI: .25/.47) and r = .41, p < .001 (95% CI: 

.33/.50) and r = .38, p < .001 (95% CI: .30/.45) respectively. Thus, the adjusted 

correlations were considered only negligibly different to the original meta-analytic 
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correlations for each neuropsychological predictor (r = .30, p < .001, [95% CI: 

.20/.41], r = .38, p < .001, [95% CI: .30/.46], r = .41 and p < .001, [95% CI: .34/.48], 

respectively). In summary, there was an absence of evidence to suggest an 

appreciable degree of publication bias in this portion of the meta-analytic 

investigation. 

2.4.2 Meta-Analysis: Quality of Life 

With the exception of the meta-analysis with memory, the amount of 

heterogeneity was considered possibly large, according to the I
2
 effect size measure 

(see Table 2.7, right-hand side).  

Table 2.7 

Meta-Analytic Correlations Between Neuropsychological Dimensions and QoL 

  r p N 95% CI k I
2
 Q 

Memory .12 < .01 543 .03, .20 5 0 2.81 

Language .19 < .01 543 .06, .32 5 44.69 9.82 

Attention .30 <.001 615 .16, .44 6 66.02 19.25 

Executive function .24 <.001 856 .12, .37 6 67.70 19.70 

Visuospatial/perceptual  .30 <.001 652 .14, .46 6 76.52 27.24 

Note. r = correlation; p = significance, N = sample size, CI = confidence intervals; k = number of 

studies included in the analysis; QoL = Quality of Life; Hunter-Schmidt estimation method. 

 

However, the forest plots suggested relatively homogeneous effects (see 

Figure 2.6). Furthermore, a leave-one-out analysis was also performed to determine 

whether one or more effect sizes may have exerted a substantial influence on the 

results: As none of the correlations differed by more than r = .09, all of the study 

correlations were included in the analysis. 
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Figure 2.6. Forrest plot of observed correlation coefficients for quality of life meta-analysis; diamond represents overall effect size; numbers in 

brackets are 95% confidence intervals of point estimation. 
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As can be seen in Table 2.7 (left-hand side), all of the neuropsychological 

predictors correlated with quality of life statistically significantly (p < .01). 

Furthermore, the directions of the correlations suggested better cognitive functioning 

was associated with better outcome (range: memory r = .12; attention and 

visuospatial functioning r = .30) as hypothesized. Based on Gignac and Szodorai’s 

(2016) guidelines, the correlations were considered relatively small to relatively 

large.  

Finally, publication bias was evaluated with a funnel plot, a contour-

enhanced funnel plot and a funnel plot with trim and fill. As can be seen in Figure 

2.7, nearly all of the correlations fell within the triangular zone, or just outside the 

triangular zone of the funnel plots (Sterne et al., 2011).   
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Memory        Executive Function  

    

 Attention        Language  

    

       Visuo-spatial/Perceptual  

  
Figure 2.7. Funnel plots based on observed correlations for quality of life meta-

analysis with memory, executive functions, attention, language and visuospatial 

processing.  

 

There was a relatively balanced distribution of scores falling within the white 

and grey areas of the contour-enhanced funnel plot (Figure 2.8), again, suggesting a 
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small amount of publication bias. Egger’s regression test of funnel plot asymmetry 

was not significant (attention, t(4) = .69, p = .529; executive function, t(4) = .18, p = 

.869; language, t(3) = 2.02, p = .137; memory, t(3) = .89, p = .436; 

Visuospatial/perceptual, t(4) = .93, p = .405).   



Chapter 2: A Meta-Analysis of Neuropsychological Predictors of Outcome 82 

Memory       Executive Function  

         

      Attention                             Language  

    

Visuo-spatial/Perceptual  

  

Figure 2.8. Contour-enhanced funnel plot on observed correlations for quality of life 

meta-analysis with memory, executive functions, attention, language and visuospatial 

processing. 



Chapter 2: A Meta-Analysis of Neuropsychological Predictors of Outcome 83 

Finally, the trim-and-fill analysis suggested the possibility of one missing 

study for the memory meta-analysis one for the executive function meta-analysis and 

none for language, attention or visuospatial reasoning (see Figure 2.9).  

                               Memory             Executive Function    

        
 

Figure 2.9. Trim and fill funnel plot; analyses were based on the non-Winsorized 

data. Results shown for quality of life meta-analysis with memory and executive 

function. 

Based on the inclusion of the one estimated missing correlation for the 

memory meta-analysis, and the one estimated correlation for the executive function 

meta-analysis, the adjusted correlations were estimated at r = .10, p = .005 (95% CI: 

.02/.18) and r = .21, p = <.001 (95% CI: .09/.33) respectively. Thus, the adjusted 

correlations were considered only negligibly different to the meta-analytic bare 

bones correlations for each neuropsychological predictor (r = .12, p < .01, [95% CI: 

.03/.20] and r = .24, p < .001, [95% CI: .12/.37] respectively). In summary, there was 

an absence of evidence to suggest an appreciable degree of publication bias in this 

second meta-analytic investigation. 

2.4.3 MASEM: Activities of Daily Living 

Next, a pooled bivariate correlation matrix was estimated with the 

“metaSEM” package developed for R by Cheung (2015). As can be seen in Table 
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2.8, and consistent with the results reported above, all of the neuropsychological 

dimensions correlated positively with the activities of daily living outcome variable. 

Additionally, all of the neuropsychological predictors inter-correlated positively and 

significantly (see Table 2.8). Next, using the pooled bivariate correlations from the 

first step, the estimated values were used as input for stage 2 of our analysis.  

Table 2.8 

MASEM Pooled Correlations between Neuropsychological Predictors for ADL 

Analysis 

  1. 2. 3. 4. 5. 6. 

1. Memory 1 615 842 932 1024 1328 

2. Language .50* 1 842 932 842 1394 

3. Attention .37* .47* 1 750 716 1365 

4. Executive Functions .32* .36* .44* 1 932 1076 

5. Visuospatial/perceptual  .37* .43* .47* .30* 1 1907 

6. ADL .28* .32* .36* .24* .39* 1 

Note. ADL = Activities of Daily Living; *p < .001; the bivariate correlations with ADL are slightly 

different to those reported in Table 6, as two different estimation methods were used (i.e., Hunter-

Schmidt and maximum likelihood estimation). 

 

As can be seen in Table 2.9, two of the five neuropsychological predictors 

were associated with statistically significant beta-weights: attention (β = .15, p < 

.019), and visuospatial/perceptual reasoning (β = .24, p < .001). Memory, language 

and executive functions were not found to be a significant predictor of activities of 

daily living; (β = .07, p = .295), (β = .09, p = .196) and (β = .05, p = .537), 

respectively. Based on all neuropsychological predictors, the regression equation 

accounted for 20.7% of the total variance in activities of daily living, multiple R
2 

= 

.21, p < .001, 95% CI: .16/.26. As the model did not have any degrees of freedom, 

model fit was perfect. 
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Table 2.9 

Multivariate MASEM Results: ADLs (Dependent Variable) 

  β p 95% CI Semi-partial r
2
 

Memory .07 .295 -.06, .21 .01 

Language .09 .195 -.04, .22 .01 

Attention .15 .019 .03, .29 .02 

Executive function .05 .537 -.10, .19 .00 

Visuospatial/perceptual  .24 <.001 .13, .34 .05 

Note. N = 2384; Model R
2
 = .21, p < .001; ADL: = Activities of Daily Living; CI = Confidence 

Interval; β = standardized beta. 

 

2.4.4 MASEM: Quality of Life 

A second multivariate MASEM was performed with quality of life as the 

dependent variable. As can be seen in Table 2.10, and consistent with the results 

reported above, the neuropsychology predictors inter-correlated positively, and they 

all correlated positively and significantly with the outcome variable (see Table 2.10).  

Table 2.10 

MASEM Pooled Correlations between Neuropsychological Predictors for QoL 

Analysis 

 1. 2. 3. 4. 5. 6. 

1. Memory 1 307 307 724 307 543 

2. Language .50* 1 307 724 307 543 

3. Attention .39* .53* 1 307 307 615 

4. Executive function .35* .40* .52* 1 724 856 

5. Visuospatial/perceptual  .34* .27* .40* .46* 1 652 

6. Quality of Life .11^ .15^ .27* .23* .27* 1 

Note. QoL = Quality of Life; ^p < .05; *p < .001; the bivariate correlations with QoL are slightly 

different to those reported in Table 7, as two different estimation methods were used (i.e., Hunter-

Schmidt and maximum likelihood estimation). 

 



Chapter 2: A Meta-Analysis of Neuropsychological Predictors of Outcome 86 

In contrast to the ADL MASEM, none of the five neuropsychological 

predictors were associated with a statistically significant beta-weights (see Table 

2.11). However, the multiple regression equation did account for a statistically 

significant amount of variance in quality of life, R
2 

= .11, p < .001, 95% CI: .04/.18. 

As the model did not have any degrees of freedom, model fit was perfect. 

Table 2.11 

Multivariate MASEM Results: QoL (Dependent Variable) 

  β p 95% CI Semi-Partial r
2
 

Memory -.04 .561 -.17, .09 .00 

Language -.01 .955 -.24, .23 .00 

Attention .18 .116 -.04, .39 .03 

Executive function .06 .542 -.14, .27 .00 

Visuospatial/perceptual  .19 .061 -.01, .38 .03 

Note. N = 1037; Model R
2
 = .11, p < .001; QoL = Quality of Life; CI = Confidence Interval; β = 

standardized beta. 
 

2.5 Discussion 

This meta-analysis examined the neuropsychological domain predictors of 

functional outcome following ABI in adults, as measured by activities of daily living 

and quality of life. Statistical analyses undertaken identified significant bivariate 

effects with memory, attention, language, executive functions and visuospatial 

abilities. Furthermore, attention and visuospatial abilities were identified as 

significant unique predictors of outcome, measured by activities of daily living. By 

contrast, in the second statistical analysis with quality of life as an outcome measure, 

no neuropsychological domains were identified as significant unique predictors. Key 

implications regarding these findings are discussed next.  
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2.5.1 Bivariate Associations 

The meta-analytic bivariate correlation analysis revealed moderate to large 

(Gignac & Szodorai, 2016), positive correlations between both outcome measures 

(activities of daily living and quality of life) and several cognitive abilities, including 

memory, executive functions, attention, language and visuospatial/perceptual 

processing. Thus, higher levels of cognitive functioning were associated with higher 

levels of activities of daily living and quality of life. These findings are important, 

because previous individual investigations, all based on relatively modest sample 

sizes, have yielded inconsistent results. Consequently, this study was able to 

synthesize the current literature and provide the scientific community with 

correlations based on a large meta-analytically derived sample size (N = 2,384 and N 

=1,037), using two broad measures of functional outcome, and specific 

neuropsychological domains. To our knowledge, this investigation is the first to 

include a comprehensive quantitative review of the reported effect sizes associated 

with specific neuropsychological domains and outcome measures following ABI 

(excluding TBI).  

2.5.2 Multivariate Prediction of Activities of Daily Living 

The multivariate MASEM analysis allowed for an evaluation of the unique 

and combined predictive capacity of the neuropsychological dimensions as predictors 

of outcome, both uniquely (i.e., independently of the influence of the other cognitive 

predictors; beta-weights) and in combination (multiple R
2
), following ABI. We found 

that 20.7% of the variance in functional outcome (i.e., activities of daily living) was 

predicted by the neuropsychological domains. Furthermore, of this 21%, 

approximately 12% was due to common variance shared by the neuropsychological 

predictors, and approximately 8% was due to factors unique to each of the two 
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statistically significant predictors included in the regression model.  This represents a 

substantial amount of variance, similar to that found in other studies of this nature 

(e.g. see Allanson et al., 2017). Visuospatial/perceptual reasoning, and attention were 

both significant, unique predictors of functional outcome.  

Three predictors were not found to be significant contributors to the 

regression model; language, memory and executive functions. While these results 

may be considered somewhat surprising, it is important to consider the individual 

domains, as well as the subtests chosen to measure these domains in the current 

study.  

Previous studies have suggested that, while memory is important for carrying 

out more complex instrumental tasks, such as checking ones’ bank account or 

organising travel or shopping, basic tasks, such as doing the laundry or carrying out 

hobbies, have not been found to be affected by memory impairment (Tomaszewski 

Farias et al., 2009; Perneczky et al., 2006). Despite this current study focusing 

primarily on instrumental activities of daily living due to the more complex nature of 

tasks, each outcome measure has several items dedicated to basic activities (see for 

example, the Functional Independence Measure; 13 items of BADLs, 5 items of 

IADL’s).  Therefore, such types of items may have influenced the magnitude of the 

effect of memory. Furthermore, as indicated above, it is possible that sub-domains of 

memory may associate with outcome measures to a different degree.  For example, a 

study by Tomaszewski, Farias and colleagues (2009) suggested that episodic 

memory was independently associated with self-reported changes in IADL’s in 

patients with Mild Cognitive Impairment. Other studies have suggested that 

prospective memory (Kant et al., 2014; Kim, Craik, Luo & Ween, 2009) and 

retrospective memory (Kim et al., 2009) are most impaired in patients following 
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stroke, causing significant difficulties in daily functioning. This current study 

focused only on delayed memory (with both verbal and visual assessments), due to 

the limited availability of studies. As empirical studies accumulate, the possibility of 

a evaluating the predictive validity of memory span across sub-domains (e.g., verbal, 

visual, immediate, delayed) will be possible.  

Another somewhat surprising finding was that executive functions failed to 

emerge as a significant, unique predictor of activities of daily living in the model.  

This is likely due to the fact that executive functions were measured by only a single 

subdomain of executive functions, namely shifting (as measured by the Trail Making 

Test B and Wisconsin Card Sorting Test). While the Trail Making Test B has been 

established as a measure of executive control, due primarily to its correlation with 

other tests of executive function (Arbuthnott & Frank, 2000), some have argued that 

it should be regarded principally as a test of processing speed and visual search 

(Gaudino, Geisler & Squires, 1995). Furthermore, performance on the Trail Making 

Test B has shown to decline with age in healthy older adults, and this performance is 

not necessarily indicative of an inability to perform daily activities (Tombaugh, 

2004). Consequently, it is perhaps unsurprising that executive functions, as measured 

by a test of shifting (or, arguably, processing speed or visual search), would not 

predict uniquely performance on activities of daily living, such as grooming, bathing 

or shopping, for example. Furthermore, this again suggests that measuring a single 

subdomain of executive functions is likely insufficient, with respect to the prediction 

of outcome following brain injury.  

This consideration must also be applied to language, which too, failed to 

emerge as a unique predictor of activities of daily living. It is important to note that 

previous studies have suggested the Boston Naming Test (BNT) should be used with 
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caution as a comprehensive measure of language. In particular, it is subject to ceiling 

and floor affects, and may not be valid across cultures (Worrall, Yiu, Hickson & 

Barnett, 1994). With respect to the current study, the BNT was the most commonly 

used measure of language in the literature. Consequently, it was selected for the 

meta-analysis. We acknowledge, therefore, that the meta-analytic effect size reported 

in this investigation with respect to language may be lower than they would 

otherwise be. Ideally, more studies in the area would include a verbal fluency task 

(such as FAS, see Benton, Hamsher, & Sivan, 1994) as a measure of language 

(Whiteside et al., 2015). 

An important result associated with the meta-analytic multiple regression was 

the observation that visuospatial processing was, numerically, the most substantial 

unique predictor of activities of daily living. Specifically, of the 8% of variance 

uniquely accounted for by the significant contributors to the regression equation, 

visuospatial processing accounted for approximately 5% of this unique variance 

(based on the semi-partial correlation). We note that visuospatial processing was not 

found to be a noticeably independent ability. That is, visuospatial processing 

correlated appreciably with the other neuropsychological measures (average r = .39). 

Thus, the relatively substantial unique prediction was not due to independence from 

other abilities included in the model.  

From a more theoretical perspective, we note that previous studies have 

outlined the importance of perceptual abilities in performing activities of daily living 

(Freilich & Hyer, 2007; Mercier et al., 2001; Perry & Hodges, 2000). Similar results 

have been found in studies of individuals with Parkinson’s disease, suggesting that 

increased impairment on tasks of visuospatial construction can cause marked deficits 

on tasks of BADLs, such as going up and down stairs, getting dressed, self-care and 
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mobility (Maeshima et al., 1997). Consequently, with respect to outcome as 

measured by activities of daily living, it may be considered congruent that an 

individual with impaired visuospatial abilities would experience more marked 

impairment whilst getting changed, or managing their surrounding environment, in 

comparison to an individual with impaired memory or executive functions.  

Attention was also found to be a unique contributor to the regression 

equation, although it contributed only a small amount of unique variance, relative to 

visuospatial ability. Previous studies have outlined the importance of attention as a 

vital neuropsychological function that facilitates other cognitive functions that are 

required to carry out basic activities (Barker-Collo, Feigin, Lawes, Parag, & Senior, 

2010). Without being able to attend to information, and hold that information in 

mind, one is unlikely to be able to use that information to guide their behaviour, and 

successfully engage in basic activities of living (Sohlberg & Mateer, 2001). 

Furthermore, attentional processes can be broken down into several sub-domains 

(e.g. focused, switched and divided attention), which facilitate processes such as 

orienting to novel stimuli, maintaining vigilance to the task at hand, shifting between 

conversations, and dividing your attention between many tasks to cook a meal 

(Michel & Mateer, 2006). In addition to everyday functioning, the success of 

physical rehabilitation 2 years post-stroke has been directly related to measures of 

sustained attention (Robertson et al., 1997). It is therefore perhaps unsurprising that 

attention was found as a significant predictor of activities of daily living, given its 

importance in the literature. 

2.5.3 Multivariate Prediction of Quality of Life 

In contrast to the ADL MASEM, our analysis failed to uncover significant, 

unique predictors of quality of life. However, the combination of the 
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neuropsychological predictors did account for a significant amount of variance in 

functional outcome (i.e., 11%), as measured by quality of life, about half the variance 

accounted for in the corresponding activities of daily living analysis. We note that 

previous studies have found that perceived quality of life can also be affected by 

non-neuropsychological factors, such as material comforts, recreation, social support 

and creative expression (Ballard et al., 2001). Thus, there may be several 

contributing and possibly moderating factors that influence the overall experience of 

quality of life, over and above the neuropsychological dimensions included in this 

investigation, and perhaps to a degree that is more substantial than activities of daily 

living. 

We also note that previous studies have indicated that, while mood and 

behaviour correlate with self-reported quality of life, intelligence and technical 

ability do not (Watten, Syversen and Myhrer, 1995). Other studies have similarly 

demonstrated that, regardless of cognitive status, mood can have a significant impact 

on quality of life, such that depression can cause poor perceptions of quality of life, 

despite an individual having relatively intact cognitive ability (Logsdon et al., 2002). 

Thus, the results of our multiple regression meta-analyses suggest that cognitive 

ability following ABI may play a lesser role on overall impressions of quality of life, 

in comparison to activities of daily living. Additionally, activities of daily living may 

mediate the effect between neuropsychological predictors and quality of life. That is, 

should an individuals’ level of cognition be affected such that they are unable to 

perform basic or instrumental activities of daily living, it may be expected that their 

quality of life would be correspondingly diminished. In this current meta-analytic 

investigation, there were only four studies that included both a measure of quality of 
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life and activities of daily living, consequently, there was an insufficient amount of 

data to perform a mediation analysis. We encourage further research in this area. 

2.5.4 Limitations and Future Research 

Although this meta-analysis may be characterized by several strengths, we 

acknowledge several limitations. First, the number of studies included in the quality 

of life meta-analysis was only just adequate. Quality of life was chosen as an 

outcome measure, due to the frequency with which it was used as a measure of 

outcome in individual studies. Unfortunately, the number of included studies would 

have been larger, had all the previously published research included the necessary 

statistical results, and/or would have used neuropsychological measures that were 

deemed by us to be appropriate indicators of the dimensions of interest. We note, 

however, that meta-analyses can be conducted usefully on the results of only a 

relatively small number of investigation (k ≈ 5 to 7; Friede, Röver, Wandel, & 

Neuenschwander, 2017; Goh, Hall, & Rosenthal, 2016). Nonetheless, we 

acknowledge that, over time, the addition of more quality of life studies may change 

the meta-analytically derived results reported in this investigation.  

Another important limitation is the variability in the literature with respect to 

the tests used to measure each neuropsychological domain, as well as functional 

outcome. Our review of the literature identified some variability in the correlations 

between specific neuropsychological predictors (such as memory) and each 

particular measure used to represent activities of daily living and quality of life. This 

may imply that each individual outcome measures represents slightly different 

characteristics of activities of daily living and quality of life, despite the typically 

observed high inter-correlation between these outcome measures. For example, some 

researchers have argued that using a scale of instrumental activities of daily living (as 
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opposed to basic activities of daily living) will correlate more highly with measures 

that require executive functions (Farmer & Eakman, 1995). Furthermore, other 

studies have suggested that quality of life measures such as the SF-36 combine both 

activities of daily living and quality of life in one measurement (Jenkinson, Coulter 

& Wright, 1993). Despite this, every effort was made to ensure only outcome 

measures with moderate to large inter-correlations (i.e., non-negligible similarity) 

were included in the meta-analysis. The accumulation of more studies will facilitate 

measurement-specific moderator hypotheses in a future meta-analysis.  

There were also limitations with respect to the selection of outcome measures 

chosen to represent some of the neuropsychological domains. In particular, it must be 

noted that the Clock Drawing Task is often considered a screening task, used for the 

purpose of diagnosing dementia (e.g. Shulman, 2000). However, research has also 

demonstrated that the CDT is a valid continuously scored measure with no noted 

ceiling effects, and can represent visuospatial/visuoconstructional functioning (Bert 

& Dehlin, 1998; Nagahama et al., 2005; Suhr, Grace & Allen, 1998). Consequently, 

it was included in the meta-analysis, though we acknowledge the effects may be 

underestimates to the extent that the Clock Drawing Task is not an excellent measure 

of visuospatial functioning. 

Additionally, this meta-analysis was a ‘barebones’ meta-analysis, rather than 

a psychometric meta-analysis (Hunter & Schmidt, 2004). Therefore, none of the 

correlations were disattenuated for imperfect reliability, which may have been 

substantial for some of the cognitive ability tests scores. Unfortunately, for the 

current investigation, we were unable to disattenuate any of the correlations for 

imperfect reliability, as none of the selected individual investigations reported any 

information about the internal consistency reliability of their test scores. Thus, we 
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acknowledge that the absolute effect sizes reported in this investigation are likely 

larger at the true score level (Hunter & Scmidt, 2004). Additionally, the validity of 

the numerical comparisons between the strength of the predictors in the MASEM 

models rests on the notion that cognitive ability tests score reliabilities were roughly 

equal across the domains. However, we note that, from a clinical and/or applied 

perspective, the results reported in this investigation are both accurate and relevant, 

as practitioners have access only to the imperfect neuropsychological measures, all 

of which include measurement error. 

Additionally, while this meta-analysis covered a relatively broad spectrum of 

neuropsychological domains, there were a number of domains that were omitted, 

including processing speed, aphasia, agnosia and neglect, for example. Furthermore, 

with respect to the neuropsychological domains that were included, it was not 

possible to evaluate the predictive validity of sub-domains (e.g., within executive 

functions, shifting, updating, inhibition and generativity; within memory span, verbal 

and visual memory, for example). Arguably, this may prove an important limitation, 

as some sub-domains may be more substantial predictors of functional outcome 

following ABI than others, and hence require the use of different measures (e.g. 

Executive function as measured by Verbal Fluency tests; Cahn-Weiner, Boyle, & 

Malloy, 2002; and Stroop; Stroop, 1935). Despite looking into the possibility of 

dividing the dimensions of executive function in the current study, there were only 

four studies that reported results on the subdomain of updating, and four for 

inhibition. Consequently, the data were determined insufficient to complete an 

analysis at the sub-domain level.  

We acknowledge that there was a substantial amount of heterogeneity 

associated with some of the effect sizes included in the meta-analysis (e.g. 
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Visuospatial/perceptual I
2 

= 76.52). Therefore, is it likely that one or more variables 

may operate as moderators of the effects between neuropsychological predictors and 

functional outcome, including injury severity, stroke location, and age, for example 

(see Black-Schaffer & Winston, 2004; Cheng et al., 2014; Macchiocchi et al., 1998). 

Again, as studies accumulate in this area, moderator analyses will be possible to help 

explain the heterogeneity. 

2.5.5 Conclusions 

Previous research by Allanson et al. (2017) identified the best predictors of 

outcome following TBI, and reported that several neuropsychological domains were 

significant predictors of outcome. This study further consolidates the findings by 

Allanson et al. (2017), by highlighting the need for a comprehensive 

neuropsychological assessment following ABI, in order to best predict functional 

outcome, as several of neuropsychological dimensions appear to predict outcome 

uniquely. Even better predictions may be achievable on the basis of better selected 

measures of the cognitive ability dimensions of interest. 
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 The previous chapter provided a quantitative overview of the literature, 

examining the best neuropsychological predictors of outcome following Acquired 

Brain Injury (ABI). Results suggested that neuropsychological domains show 

promise in predicting activities of daily living and quality of life, though they are not 

typically measured well, and many neuropsychological domains such as prospective 

memory, have not been considered in the literature. Furthermore, while executive 

functions have been examined extensively in the literature with respect to their 

relationship to functional outcome, chapter 2 revealed that the subdomains of 

executive functions (e.g. inhibition, shifting, updating and generativity) are not 

adequately measured. Thus, using baseline data collected from participants with ABI, 

chapter 3 examined the neuropsychological domain of prospective memory, with 

respect to its relationship with everyday functioning. Furthermore, all four 

components of executive functioning were examined in the next study, to 

additionally explore the relationship between executive functions, prospective 

memory and everyday functioning.  
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3.1 Introduction 

Prospective memory (PM) is the ability to remember to perform an intended 

action in the future (Kliegel, Martin, McDaniel & Einstein, 2004). A large and 

growing literature has supported PM as a unique predictor of everyday functioning in 

clinical populations above and beyond other neuropsychological domains, including 

verbal episodic memory and traditional measures of executive functioning (Kliegel et 

al., 2004). For example, this relationship has been found amongst individuals with 

Parkinson’s disease (Pirogovsky, Woods, Filoteo & Gilbert, 2012; Raskin et al., 

2011), HIV dementia (Woods, Iudicello, Moran, Carey, Dawson & Grant, 2008), 

schizophrenia (Twamley et al., 2008) and Mild Cognitive Impairment (Schmitter-

Edgecombe, Woo & Greeley, 2009).  Of note, however, it has been poorly studied in 

individuals with Acquired Brain Injury (ABI). This is important as individuals with 

for example, Traumatic Brain Injury (TBI) and stroke, often struggle to complete 

functional activities such as medication management, organising finances and 

everyday housekeeping (Mercier, Audet, Hébert, Rochette & Dubois 2001). Only 

two studies were identified in the literature evaluating the ability of PM to predict 

everyday functioning (Hoskin, Jackson & Crowe, 2005; Fortin, Godbout & Braun, 

2002) following ABI. Both provide intriguing initial support for this relationship, but 

methodological limitations (further outlined below) prevent definitive conclusions. 

The importance of studying the relationship between PM and everyday functioning is 

clear, as PM deficits can have risky consequences on daily functioning (e.g. 

forgetting to take medication at required time). The present study aims to more 

comprehensively evaluate the relationship between PM and recovery using well 

validated measures of PM and everyday functioning following ABI. 
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3.1.1 Prospective Memory 

PM is a complex cognitive process that requires the coordination of multiple 

cognitive domains, and is integral to leading and maintaining an autonomous, 

independent life (Kliegel, et al, 2004). As detailed in Chapter 1, prospective 

remembering is dependent upon four discreet components; forming an intention, 

preserving or encoding the intention, retrieving the intended action from our memory 

stores, and subsequently executing the intention at the appropriate time (Kliegel, 

Martin, McDaniel & Einstein, 2002). Prior research has demonstrated that the phases 

of intention formation and execution likely draw upon higher-order executive 

functions for successful implementation (Martin, Kliegel & McDaniel, 2003). 

Implementation of PM can be either time-based (TB), or event-based (EB). PM tasks 

with TB cues require enacting an intention at a particular time, or after a period of 

time has lapsed. Those with EB cues require enacting the intention in response to a 

particular event, such as remembering to tell your colleague about a missed phone 

call when you see them (Smith, 2003). According to the Multi-Process Theory of 

PM, EB tasks are often considered less effortful, as lesser strategic monitoring of the 

action is required when task characteristics are otherwise equivalent. Such tasks 

should therefore elicit more PM success. TB PM tasks however, require conscious 

monitoring of time, and rarely occur in a context that could trigger retrieval 

(McDaniel & Einstein, 2007).  

Adequate PM depends upon the functionality of discrete cortical regions in the 

brain. Specifically, regions of the frontal lobe are posited to support a variety of 

neuropsychological domains thought to underpin different components of PM. The 

rostral prefrontal cortex (Brodmann area 10) is thought to be responsible for 

initiation of actions, planning and monitoring, and the left dorsomedial prefrontal 
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cortex is considered responsible for selective and sustained attention (Burgess et al., 

2000; Okuda et al., 2000; Umeda, Kurosaki, Terasawa, Kato & Miyahara, 2011). 

This suggests that PM functioning would be largely affected as a result of damage to 

brain regions such as the frontal lobes. These regions are commonly affected in TBI 

and stroke and are also purported to be responsible for high-order executive 

functions (Cockburn, 1995; Carlesimo, Di Paola, Fadda, Caltagirone & Costa, 2014). 

While the existing literature has frequently explored the effects of executive function 

impairment following ABI (e.g. See Watson et al., 2020), the same cannot be said for 

PM, despite the relationship between the cognitive domains (Carlesimo et al., 2014).  

3.1.2 Prospective Memory and Daily Functioning 

There is a growing literature supporting the presence of PM impairments 

amongst individuals with ABI. Shum and colleagues’ 2002 meta-analysis of the 

literature confirmed marked PM impairments in individuals with TBI when 

compared to uninjured controls. Importantly, this relationship between brain injury 

and PM deficits has proven to be true for mild, moderate and severe TBI in both 

time- and to a lesser extent, event- based tasks (Hannon et al, 1995; Mathias & 

Mansfield, 2005; Carlesimo, Casadio & Caltagirone, 2004; Shum, et al., 1999; Tay, 

Ang, Lau, Meyyappan & Collinson, 2010). Individuals with even mild TBI were 

found to have PM deficits, and furthermore, the deficits in mild TBI were detected 

within the first month following injury and persisted beyond three months’ post-

injury (Tay et al, 2010). 

Despite evidence that TBI and many forms of ABI involve injury to the 

prefrontal cortex, which has been implicated in PM performance, the extant literature 

is limited when it comes to investigating whether PM is a useful indicator of 

everyday function amongst adults following ABI. PM has been found to be a 
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consistent unique predictor of everyday functioning in a variety of other clinical 

groups (e.g. Parkinson’s; Pirogovsky et al., 2012 and Schizophrenia; Twamley et al., 

2008) as well as typically aging individuals, however the patterns of PM impairment 

that predict everyday functioning in such clinical groups is unclear.  For example, 

Pirogovsky and colleagues (2012) found that TB, but not EB PM was related to 

medication management amongst individuals with Parkinson’s disease. They 

concluded that successful task completion in TB PM required consistent, and 

strategic monitoring of the time, however individuals with Parkinson’s dementia 

typically monitored time less frequently, and less efficiently (Pirogovsky et al., 

2012). Conversely, Twamley et al. (2008) found that EB, not TB PM predicted 

functional skills performance in a sample of individuals with schizophrenia. They 

determined that this was likely on account of the type of errors associated with the 

EB PM task that are particularly prevalent in schizophrenia (i.e., task substitution 

errors on account of difficulty encoding information). Finally, Woods et al (2008) 

found both EB and TB PM to be significant predictors of medication nonadherence 

amongst individuals with HIV. In summary, the relationship between PM and 

functional skills appears to be a complex one, and perhaps dependant on the specific 

underlying neuropathology. 

Conversely, the relationship between executive functions (EF) and functional 

skills following ABI has been studied extensively, and studies have emerged 

exploring the potential for interventions for executive function deficits following 

ABI (e.g. Rohling, Faust, Beverly, & Demakis, 2009; Kennedy et al., 2008). Martin 

and colleagues suggested that EF is employed when PM tasks become more complex 

in nature (Martin, Kliegel & McDaniel, 2003), though several other mental processes 

are also involved in ensuring successful implementation of PM tasks (such as 
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retrospective memory, attention and working memory). Given that PM requires the 

use of multiple cognitive domains including EF, and EF has been found to predict 

everyday functioning, it follows then that PM should also play a role in the 

prediction of functioning following ABI.  

As indicated above, only two studies have evaluated the utility of PM as a 

predictor of everyday functioning in ABI.  Hoskin and colleagues (2005) confirmed a 

relationship between PM and self-reported money management in a sample of 34 

individuals with a variety of ABI aetiologies of differing severity. In a small sample 

of 10 mild-moderate TBI-affected individuals, Fortin and colleagues (2002) 

demonstrated a relationship between objectively assessed instrumental activities of 

daily living and PM. While both studies provide initial support for this relationship, 

methodological limitations prevent any definitive conclusions to be made. First, both 

studies were constrained by small sample sizes. Second, neither study assessed both 

time- and event-based PM with psychometrically rigorous measures. Hoskin and 

colleagues (2005) used only a single item each to measure EB and TB PM. Fortin 

and colleagues (2002) did not differentiate between time- and event-based PM. 

Furthermore, they concluded that a PM failure occurred when a task was forgotten or 

omitted whilst planning and preparing a meal, rather than using an experimental 

paradigm specifically looking at PM performance. Therefore, the measurement of 

PM in both studies was limited, neither using a comprehensive, multi-item scale with 

previously validated methodologies (e.g., an Einstein and McDaniel based 

paradigm). Third, with respect to measuring functioning, Hoskin (2005) used only a 

self-report measure which is problematic, particularly in individuals with ABI, where 

insight is commonly affected. To address this limitation, the present study used well-

validated measures of PM, that clearly differentiate between time- and event-based 
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PM. The experimental design is similar to that of Kliegel et al. (2001), embedding 

EB and TB tasks within an ongoing lexical decision-making (word or non-word) 

task. 

3.2 Present Study 

Given that a wide range of neuropsychological deficits can contribute to PM 

difficulties (such as attention, executive functions and processing speed; see Martin 

et al., 2003), participants in the current study also completed a neuropsychological 

test battery designed to assess these related functions, particularly EF. Although 

commonly studied with respect to their relationship to functioning following brain 

injury, executive functions are not often measured well. The previous chapter 

documented this in detail and findings suggested that many studies that measured EF 

performance included only one executive domain (e.g. switching, as measured by 

Trail Making Test B). ‘Executive functioning’ is an umbrella term composed of a 

range of subdomains. Miyake et al., (2000) proposed a multi-dimensional model of 

executive functions which contained three domains; shifting, updating and inhibition. 

This model was expanded upon by Fisk and Sharp (2004), who proposed a model of 

EF containing four main dimensions: 1) shifting between different subtasks, or 

elements, 2) updating incoming information, and revising information currently 

within working memory, 3) inhibition, or withholding pre-potent responses when 

appropriate and 4) generativity, to reflect the efficiency of access to long-term 

memory. Building on the foundation of Miyake et al. (2000), Fisk and Sharp (2004) 

determined that each domain should be included under the EF umbrella, and that 

they are related, but separable component processes.  

 Despite confirming that EF comprises a variety of subdomains, as indicated, 

studies often measure only one or two subdomains, and therefore fail to adequately 
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measure executive functions in its entirety (see Watson et al., 2020). This current 

battery measures all four components of executive functioning mentioned above, to 

additionally explore the relationship between executive functions and PM.   

The present study aimed to investigate whether PM is a unique predictor, 

above measures of EF, of everyday functioning following ABI. Everyday 

functioning was measured using well-validated self- and informant-report 

questionnaire. The purpose of the first part of this study was to a) investigate whether 

PM deficits predict everyday functioning in individuals with ABI above and beyond 

executive function performance, and b) compare the differential ability of event-

based or time-based PM tasks in predicting everyday functional outcome. Based on 

the research outlined above, it is hypothesized that PM will uniquely predict 

everyday functioning over and above executive functions. It is also hypothesized that 

both time- and event-based PM will be significant predictors of everyday functioning 

following TBI and stroke.  

3.2.1 Cost in Prospective Memory 

This study secondly sought to evaluate the relationship between PM accuracy 

and cost associated with performing the ongoing task. As indicated above, PM 

requires the allocation of additional resources (e.g. encoding, monitoring, retrieval 

and execution) to determine when to perform a specific action (Martin et al., 2003). 

Studies have demonstrated that this allocation of resources appears as a ‘cost’ to the 

ongoing task, such that response time to the ongoing task slows down once the PM 

task has been introduced (Einstein et al., 2005). Given that individuals with ABI 

typically struggle with the efficient allocation of resources (Clark & Robin, 1995), it 

was considered that the effect of cost, on overall everyday functioning and PM 

performance, would be worth exploring in the current study.  
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In non-clinical populations, previous studies have suggested that PM 

performance is negatively impacted by demanding PM tasks on account of 

inefficiencies in the allocation of resources (Li, 2014). In an unpublished study by Li, 

2014, it was found that participants with high depressive symptomatology were 

unable to efficiently allocate resources to successfully perform a PM task and hence 

demonstrated reduced cost and poor PM performance (Li, 2014). Those with only 

low depressive symptomatology demonstrated the opposite; there was a significant 

cost associated with performing the PM task, and this resulted in improved PM 

performance (Li, 2014). With respect to the current ABI population, it was 

considered therefore, that should the participant be able to allocate additional 

resources to perform the PM task their PM accuracy would improve in the presence 

of increased cost. Conversely, should the participant be unable to allocate additional 

resources, there would be reduced PM performance. The ability to allocate resources 

(as demonstrated by the presence or absence of cost) should also be reflected in 

predicted everyday functioning. It was hypothesized then, that cost associated with 

performing the PM task may subsequently predict everyday functioning, such that an 

absence of PM-related costs may predict poorer functioning. 

Lexical Decision (LD) task accuracy (ongoing task) was also considered, to 

assess whether there is any noticeable difference in ongoing task performance 

accuracy once the PM task is introduced. Those participants who are better able to 

perform both tasks simultaneously (as reflected by high ongoing task accuracy), 

should demonstrate a better overall everyday functioning. It was therefore 

additionally hypothesized that there would be a decrease in LD task accuracy once 

the PM task has been introduced, which might also reflect poor everyday 

functioning.  
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Given that few previous studies have looked at the relationship between cost 

and everyday functioning in an ABI population, this was considered an exploratory 

analysis.    

3.3 Method 

3.3.1 Participants 

72 participants (43 men and 29 women aged 18-69, see Table 3.1) were 

recruited for the study from local hospitals or residential treatment centres in 

Western Australia. Inclusion criteria were 1) an acquired or traumatic brain injury 

that required presentation to hospital, 2) within 24 months since injury, 3) aged 18 to 

70 years, 4) able to participate in cognitive testing (e.g. medically stable and not 

significantly aphasic) and 5) be able to provide consent. Participants were screened 

for their eligibility and interest by allied health (occupational therapy, 

neuropsychology or rehabilitating physician), at the facility where they were 

referred.  Ethical approval was obtained from the Human Research Ethics Offices at 

the University of Western Australia and the North Metropolitan Health Service in 

Perth.  

As can be seen in Table 3.1, participants varied in their ABI aetiology and 

injury severity, which was assessed using the Glasgow Coma Scale (GCS) or length 

of Post Traumatic Amnesia (PTA) (if the participant had experienced a Traumatic 

Brain Injury). In the case of stroke or other non-traumatic ABI, injury severity was 

often recorded on the discharge summary provided at time of injury, as determined 

by a medical specialist. In the absence of this information, injury severity was 

additionally considered by clinicians CP and MW, based on clinical experience. 

Eight participants were classified as having a mild injury, 20 a moderate injury, 21 a 

severe injury and 23 a very severe injury. The median time since injury was 9.8 
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months. Additional demographics and clinical characteristics can be seen in Table 

3.1. 

Participants were compensated 35 AUD for travel and other expenses related 

to participating in the study.  

Table 3.1 

 

Basic descriptive data for the study sample (N = 72) 

Variable   M (SD)  N (%) Range 

Age (years)  44 (14.85) - 18-69 

Education (years)  13.72 (2.85) - 9-20 

Sex (% male)  - 43 (59.7) - 

Time since Injury (days) 294 (176.46) - 77-728 

Chronic medical condition  - 37 (45.1) - 

Mechanism of injury 

   Traumatic Brain Injury - 30 (41.7) - 

Cerebrovascular Accident - 25 (33.4) - 

Infection - 6 (8.3) - 

Tumour Resection - 6 (8.3) - 

Hypoxia - 4 (5.6) - 

Other  - 2 (2.8) - 

Injury severity 

   Mild - 8 (11.1) - 

Moderate - 20 (27.8) - 

Severe - 21 (29.2) - 

Very Severe - 23 (31.9) - 

 

3.3.2 Procedure 

Participants completed the testing either at either at the treatment facility, 

UWA Robin Winkler Clinic, or a home-visit was organised if deemed appropriate. 

Participants were presented with the participant information sheet, and consent was 

obtained for research participation, as well as access to medical records to document 

brain injury characteristics. 

The test battery was designed to be in four blocks, taking approximately four 

hours. Participants were either tested in one, 4-hour session, or two, 2-hour sessions, 

depending on availability or ability to complete the test battery. The testing battery 
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commenced with block 1 and ended with block 4. Blocks 2 and 3 were 

counterbalanced with each subsequent participant. The administration order of the 

neuropsychological tests in each block are displayed in Figure 3.1.  

Block 1 

Self-Awareness of Deficits Interview 

ACS Test of Premorbid Functioning 

WMS-IV Logical Memory I 

NIH Flanker 

NIH Set Shifting 

NIH Dot Counting 

WMS-IV Logical Memory II 

Trail-Making Test A and B 

DKEFS Colour Word Interference  

Questionnaires: MPAI-4, AUDIT, FrSBE, PRMQ, CIQ, AES, SDS, DASS-28, PAQ, 

PERCI, PSQI, ESS, FSS, ISI  

Block 2 

Symbol Digit Modalities Test - Written and Oral  

Time-Based PM Task 

Iowa Gambling Task 

Event-Based PM Task 

Block 3 

RCFT Copy 

BNT-II (Short Form) 

RCFT Immediate Recall 

CVLT-II Trials 1-5, Short recall delay 

WAIS-IV Digit Span  

RCFT Delay Recall 

CVLT-II long-recall delay 

WAIS-IV Matrix Reasoning 

CVLT-II Forced Choice recognition 

NIH Fluency 

Block 4 

RBANS List Learning 
Note. ACS – Advanced Clinical Solutions; WMS-IV – Wechsler Memory Scale 4th edition; D-KEFS – Delis-

Kaplan Executive Functioning System;  MPAI-4 – Mayo Portland Adaptability Inventory 4th Edition; AUDIT – 

Alcohol Use Disorders Identification Test; FrSBe – Frontal Systems Behaviour Scale; PRMQ – Prospective and 

Retrospective Memory Questionnaire; CIQ – Community Integration Questionnaire; AES - Apathy Evaluation 

Scale; SDS - Zung Self-report Depression Scale (6 items); DASS-28; Depression Anxiety Stress Scale 28 items; 

PAQ - Perth Alexithymia Questionnaire; PERCI - Perth Emotional Regulation Competency Inventory; PSQI; 

Pittsburgh Sleep Quality Index; ESS - Epworth Sleepiness Scale; FSS - Fatigue Severity Scale; ISI - Insomnia 

Severity Index; PM - Prospective Memory; RCFT – Rey Complex Figure Test, BNT-II – Boston Naming Test 

2nd edition; CVLT-II – California Verbal Learning Test 2nd Edition; WAIS-IV – Wechsler Adult Intelligence 

Scale 4th Edition; RBANS – Repeatable Battery for the Assessment of Neuropsychological Status.   

Figure 3.1 Order of tests in neuropsychological battery 
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 This testing battery formed part of an ongoing program of research that is 

comprehensive in nature. As such, several assessment measures were not utilised in 

the current study, though were maintained for other current and future research 

projects.  

3.3.3 Prospective Memory Measures 

Overview. The PM experimental tasks occurred at Block 2 within the overall 

neuropsychological battery. The PM tasks required participants to complete an 

ongoing lexical decision-making task (LDT: word- or non-word task), with a PM 

task embedded. Participants completed different versions of the same LDT for both 

TB and EB PM tasks, and both TB and EB PM tasks commenced with a practice 

trial. For all participants, the TB PM task was completed first. Within this task, 

following the LDT practice trial, participants were counter-balanced by even or odd-

numbers, which determined whether they would move on to complete a baseline 

block of LDT-only, or the PM task. The TB PM task consisted of; Block 1, LDT 

only (50 words and 50 non-words); and Block 2, PM task (100 words and 100 non-

words). Following the TB PM task, participants completed an unrelated computer 

task before moving onto the EB PM task.  

For the EB PM task, following the practice trial, all participants completed a 

baseline LDT-only trial, then proceeded to the first PM block. A second PM block 

was also completed by participants, which formed an intervention trial, with two 

different interventions expected to improve PM task performance.
3
 The EB PM tasks 

consisted of; Block 1, LDT only (50 words and 50 non-words); Block 2, PM task (92 

                                                 

 
3
 Note, this task was part of a larger study looking at the utility of Implementation Intentions and Goal 

Management Training to improve PM performance. This occurred in the final block, block 3 for the 

event-based task only. Therefore, it would not have affected performance on block 2 which is being 

reported for the present analysis. Information regarding the intervention is not being reported in this 

analysis. 
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words, 100 non-words, 8 ‘target’ words); and Block 3, intervention (92 words, 100 

non-words, 8 ‘target’ words). 

The Time-Based Task. As indicated, participants completed the ongoing 

lexical decision-only task in either Block 1 or Block 2 of the TB PM task. The order 

of performing the LDT only (ongoing task), or PM task first was counterbalanced, 

with even-numbered participants performing the PM task first.  

For the ongoing task, participants were required to indicate whether a letter-

string shown in the centre of the computer monitor was either a real word, or a non-

word (nonsense word). Participants were instructed to press a key labelled YES (L 

key) or NO (A key) to indicate their response during the LDT, and to make this 

decision as quickly and accurately as possible. The participant was told to focus on a 

fixation cross in the centre of the screen, before the stimulus would appear (after 

500ms). The stimulus remained on the screen until a response was detected. 

Participants were given a practice trial (of 10 lexical decision trials) in which they 

received feedback informing them of a correct/incorrect response. Participants were 

then reminded of the instructions again, before commencing the LDT.  The word 

stimuli used were 150 medium frequency (20-50 occurrences per million) words of 

four to eight characters selected from the Sydney Morning Herald word database 

(Dennis, 1995). Pronounceable non-word stimuli were created by randomly 

substituting the vowels in 150 medium frequency four- to eight-character words from 

the same database. For example, the word ‘constant’ became ‘canstunt’. This 

technique for creating non-words has been used in similar tasks (e.g., Huang, Loft, & 

Humphreys, 2014). Ongoing task accuracy for each block was calculated as the 

proportion of correct responses to word/non-word trials. Average ongoing task 

response time (RT) for each block was calculated from correct trials only. 
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For the TB PM task, participants were required to press the X (Number 6 

key) on the 3
rd

, 7
th

 and 9
th

 minutes into the ongoing word/non-word task. Participants 

were told to check how much time had passed during the task by pressing the 

spacebar to reveal a clock at the bottom-right corner of the screen. Participants were 

then prompted to reiterate these instructions for the experimenter to confirm their 

understanding. The experimenter corrected any mistakes prior to proceeding. 

Following the instructions, participants completed a pen-and-pencil distractor task 

before resuming the LDT. Upon completion of Block 2, participants were prompted 

to take a 1-minute break and given a questionnaire regarding their level of effort in 

performing the task. They were required to respond to the questions using a 5-point 

Likert scale, using the numbered keys 1-5. 

The Event-Based Task. The EB PM task embedded in the ongoing 

word/non-word task, required participants to press the X (Number 6 key), rather than 

the YES key, if the word represented a fruit or an animal (the determination of 

whether the words were a fruit/animal was counterbalanced with even/odd numbered 

participants). If required, participants were given more elaborate instructions (for 

example, “if you saw a banana, you would press the X key, and not the YES key”). 

There were eight prospective memory targets (fruit/animal words) in total. PM 

targets appeared randomly once every 25 words (i.e., a PM target could appear at 

random within the first 25 trials, then another would appear within trials 26-50, etc.). 

PM targets could not appear consecutively. Immediately following the PM task 

instructions, participants were given a distractor task (math problems of varying 

difficulty) to complete for 3-minutes.  

PM Accuracy. PM accuracy was assessed according to the methods of 

Einstein et al. (1995) and Shum (1999). Participants were scored as accurate if they 
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responded within 10 seconds before or after the target. For time-based PM, a correct 

response was recorded when the X-key was pressed at 3, 7 and 9 minutes. For the 

event-based PM, a correct response was recorded when the X-key was pressed in 

response to a fruit/animal word. 

Distractor Task. A set of arithmetic problems with varying levels of 

difficulty, were provided for participants to complete following TB and EB PM task 

instructions. This distractor task was used to prevent rehearsal of PM task 

instructions. Participants were reassured that they would not be expected to complete 

all of the problems in the time provided (3 minutes).  

3.3.4 Self-reported everyday PM failures 

Prospective and Retrospective Memory Questionnaire. The Prospective 

and Retrospective Memory Questionnaire (PRMQ; Smith, Del Sala, Logie & 

Maylor, 2000) was designed to assess the frequency of retrospective and prospective 

memory failures. The scale is 16 items in total, rated on a 5-point Likert scale, with 

8-items each representing the prospective and retrospective memory components. It 

is a brief scale, which is easy to administer, and has high internal consistency 

(Cronbach’s alpha from .89 for the self-rated form; Crawford et al., 2003, and .92 for 

the informant-rated form; Crawford et al., 2006).  

3.3.5 Outcome Variables 

Relevant to this current study, participants and their elected study partner 

completed the following questionnaire.  

Mayo-Portland Adaptability Inventory. The Mayo-Portland Adaptability 

Inventory (MPAI-4; Malec et al., 2003) was used to measure function as considered 

by the participant and a knowledgeable informant at the time of assessment. Ratings 

on the MPAI-4 are used to produces three subscales; abilities (e.g. communication, 
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mobility, memory and executive functioning), adjustment (e.g. fatigue, mood and 

self-awareness) and participation (e.g. leisure activities, self-care, employment and 

money management). Responses are given on a 5-point scale. This measure has been 

specifically developed for individuals with ABI, has good psychometric properties 

and high internal consistency (Cronbach's alpha, from .76 to .83; Malec et al., 2003). 

For the current sample, Cronbach’s alpha varied from .85 to .97 for the three 

subscales. Furthermore, the MPAI-4 has demonstrated satisfactory psychometric 

properties at the subscale level, that enable delineation of ABI aetiology (Malec, 

Kean, Altman & Swick, 2012). As such, the current study will examine all subscales, 

in addition to the total score for both self-report and informant-report MPAI. This 

will enable a more complete and comprehensive evaluation of cognitive and 

psychosocial functioning. 

3.3.6 Demographics and Covariates 

Neuropsychological Measures and Questionnaires. Participants were given 

a range of neuropsychological measures as part of the test battery, aimed at assessing 

current and pre-morbid intellectual ability, memory, attention, executive function, 

processing speed, language and PM function. Neuropsychological tests administered 

and the domains they represent are displayed in Table 3.2. As outlined below, 

composite scores were created for a pre-morbid intelligence score, and an executive 

function domain score. See Table 3.2 for details regarding the neuropsychological 

tests included to form each composite.  
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Table 3.2 

Neuropsychological tests administered and the neuropsychological dimensions they 

represent 

Domain Dimension Test/Questionnaire 

Pre-Morbid Intellectual 

Functioning 

 

ACS Test of Premorbid Functioning^ 

Attention Simple Auditory Attention WAIS-IV Digit Span Forwards 

Processing Speed 

 

Symbol Digit Modalities Test 

(Written and Oral) 

  

Trail Making Test Part A 

  

D-KEFS CWIT Colour Naming and 

Word Reading 

Language Confrontational Naming BNT-II Short Form 

Memory Immediate verbal memory WMS-IV LM I 

  

CVLT-II Total Trials 1-5 

 

Delayed verbal recall (free and 

cued) 
WMS-IV LM II 

 

CVLT-II Long Delay Cued/Free 

Recall 

 

Verbal Recognition WMS-IV LM recognition 

  

CVLT-II Yes/No/ Recognition 

 

Visual Short-delay free recall RCFT 3-minute recall 

 

Visual Long-delay free recall RCFT Long Delay Recall 

 

Visual Recognition Participant is presented with RCFT 

original figure and 5 distractor 

figures. They are asked to choose 

which figure they copied earlier. 

Scored Correct/Incorrect. 

  

  

  

  Visuo-Spatial Skills Visuo-Spatial Construction RCFT Copy 

Executive Functioning Set Shifting NIH EXAMINER Set Shifting 

  

Trail Making Test Part B* 

  

D-KEFS CWIT Colour/Word 

Switching Trial 

 

Inhibition 
D-KEFS CWIT Colour/Word 

Inhibition Trial* 

 

Working Memory Updating NIH EXAMINER Dot Counting 

 
 

WAIS-IV Digit Span Backwards 

 
 

WAIS-IV Digit Span Sequencing* 

 

Fluid Reasoning WAIS-IV Matrix Reasoning^ 

 
 

Iowa Gambling Task 

  
Generativity 

NIH EXAMINER Letter* and 

Category Fluency 

Note. ACS – Advanced Clinical Solutions; WAIS-IV – Wechsler Adult Intelligence Scale 4th Edition; D-

KEFS CWIT – Delis-Kaplan Executive Functioning System Color-Word Interference Test; BNT-II – 

Boston Naming Test 2nd edition; WMS-IV LM – Wechsler Memory Scale 4th edition, Logical Memory; 

CVLT-II – California Verbal Learning Test 2nd Edition; RCFT – Rey Complex Figure Test.   

*Indicates tests were used to create an executive function composite score.  

^ Indicates tests were used to create an intelligence composite score. 
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Executive Function Composite. As indicated, an executive function 

composite score was calculated using four executive function (EF) tasks (see Table 

3.2). These tasks account for four primary factors of EF, as indicated in the extant 

literature; inhibition, switching, updating and generativity (see Miyake & Friedman, 

2012). Stimulus for the DKEFS colour-word interference task contains four pages 

consisting of three words (RED, BLUE, GREEN), written in alternating order across 

the page (ten words in total), with five rows. For the inhibition condition, the words 

are typed in different coloured ink. Participants are required to name the ink colour, 

and not to read the word. Both overall time-taken is recorded, as well as number of 

errors. As the DKEFS colour-word task has no means of calculating an overall score 

that corrects for the number of errors, accuracy was instead calculated using the 

method of Gardner et al., (1959). This method corrects for the number of total errors 

by adding additional time to the overall response time, which can then be normed 

using DKEFS inhibition norms. This standard score was then converted into a 

population-based z-score (as with the other executive function measures), which was 

then used to calculate the overall composite score. During testing, three participants 

were cognitively unable to complete the DKEFS inhibition task. To ensure these 

participants were not excluded on the basis of impairment, they were given a z-score 

of -4 to indicate lowest-possible-score.  

Trails B from the Trail-Making-Task can similarly be met with cognitive 

difficulty in ABI populations, which was consistent with our sample in 16 

participants. To ensure these participants were not considered outliers in the data, 

they were given a transformed z-score of -4 if they performed below this level.  

Intelligence Composite. The ABI literature has extensively considered the 

effects of pre-morbid intelligence on predicting everyday functioning, and we wanted 
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to control for these effects in our current analysis. As such, an intelligence composite 

was calculated to account for the potential influence of intelligence in the regression 

analysis. The literature asserts that there are several neuropsychological tests that can 

be used to assess for pre-morbid intelligence, though there are few whose results will 

remain stable following brain injury. The Oklahoma Premorbid Intelligence 

Estimate-3 combines Wechsler Adult Intelligence Scale (WAIS) subtest raw scores 

and demographic data to predict Full-Scale IQ scores (Schoenberg, Scott, Duff & 

Adams, 2002). There are several different combinations that are considered robust 

measures of pre-morbid intelligence, and given the current neuropsychological 

measures, the OPIE-3(2ST) was used. This predicts pre-morbid intelligence by 

calculating a combined score comprising the WAIS-IV Matrix Reasoning and a 

vocabulary test (in this current battery, the Test of Pre-morbid Functioning (TOPF) 

was used). This is considered more robust than using measures similar to the TOPF, 

or Matrix Reasoning alone (Schoenberg, Duff, Scott, Patton & Adams, 2006). 

3.4 Results 

Table 3.4 indicates the sample-sizes available for each analysis. This differed 

from the total sample (72), as some participants were unable or unwilling to 

complete the PM tasks, or an administrative error prevented administration of the 

task or interpretation of the data
4
. Furthermore, not all participants were able to 

provide an informant to complete the required questionnaires, resulting in a smaller 

sample size for these analyses. Additional descriptive statistics for the main variables 

are presented in Table 3.3.  

                                                 

 
4
There were no statistically significant differences in gender, age, education, injury severity or time 

since injury for individuals who were unable or unwilling to complete the PM tasks, compared to 

those who completed them (all ps > .10). 
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Table 3.3 

Descriptive statistics for the main variables 

Variable   M (SD)  N  Range Skew Kurtosis 

Time-Based Accuracy (% correct) 50.79 (35.47) 65 0-100 -.42 -1.10 

Event-Based Accuracy (% correct) 75.81 (27.05) 62 0-100 -1.47 1.50 

Self-report PRMQ PM Total (T-score) 46.59 (12.27) 73 17-74 -.38 .29 

Informant-report PRMQ PM Total (T-

score) 47.39 (13.51) 51 18-72 -.43 -.40 

Executive Function Composite (Z-Score) -.53 (.98) 68 -2.68-1.37 -.89 -.31 

Intelligence Composite (Z-Score) .24 (.88) 71 -1.98-2.24 -.34 .04 

Self-report MPAI (Standard Score) 

     Total Score 46.68 (8.22) 76 28-65 -.01 -.48 

Abilities score 46.18 (10.34) 76 7-66 -.90 1.89 

Adjustment score 46.75 (9.74) 76 12-71 -.35 1.44 

Participation score 41.08 (13.35) 76 4-72 -.84 1.49 

Informant-report MPAI (Standard Score) 

     Total Score 43.85 (10.31) 54 19-65 -.39 -.07 

Abilities score 42.48 (15.13) 54 4-68 -1.13 1.26 

Adjustment score 43.85 (11.25) 54 18-63 -.53 -.07 

Participation score 40.26 (12.66) 54 10-65 -.80 .60 
Note: PRMQ - Prospective Retrospective Memory Questionnaire; PM - Prospective Memory; MPAI - 

Mayo-Portland Adaptability Inventory 

 

First, bivariate correlations between independent and dependent variables, 

and additional demographic characteristics were explored, and have been presented 

in Table 4.4. Significant correlations were found between age and EB PM accuracy 

(r = .31, p = .015) suggesting that as age increased, PM accuracy increased. 

Significant correlations were also found with level of education and self-report PM (r 

= .24, p = .048), executive functions (r = .32, p = .009) and estimated pre-morbid 

intellectual functioning (r = .54, p < .001). Correlations suggested as level of 

education increased, so did self-reported PM abilities, executive function score and 

pre-morbid intelligence. No significant correlations were found with time since 

injury and any dependent or independent variables.  

Next, independent sample t-tests were used to compare participants on 

demographic variables with respect to dependent variables and PM task performance 

(accuracy) for both the TB and EB PM tasks. With respect to gender, there was a 
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significant difference between males and females on informant-report MPAI total 

score, t(1,51) = 2.44, p = .018, Cohen’s d = .68, with males having a significantly 

poorer reported everyday functioning than females. There was also a significant 

difference between males and females on self-report PM difficulties with females 

reporting more PM problems than males, t(1,68) = 2.53, p = .014, Cohen’s d = .62. 

There were no significant differences between males and females on experimental 

PM measures (TB accuracy, EB accuracy), nor self-report everyday functioning 

measures or informant-report PM difficulties.  

No statistically significant differences were identified with respect to injury 

severity between the dependent variables, self- or informant-report PM measures, or 

experimental PM measures.  

3.4.1 Study Part 1 

The first and primary analysis in this chapter was to assess the capacity of 

Prospective Memory in predicting everyday functioning. Correlation and regression 

analyses were conducted to explore the relationships. For the regression analyses, the 

pre-morbid intelligence estimate was entered at step 1 and the executive function 

composite was entered at step 2.  Finally, PM scores were entered in step 3. 

3.4.2 Correlation Analyses: PM and Everyday Functioning 

First, Pearson correlations were calculated between the dependent variables 

and our time- and event-based indices. Note, with the MPAI self- and informant-

report scales, a higher score indicates worse everyday functioning. Unexpectedly, no 

significant correlations were found with the TB PM total accuracy score and any of 

the everyday functioning variables. As hypothesised, significant correlations were 

found between the EB PM total correct, with the self-report MPAI total score and 
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abilities subscale respectively (r = -.26, p = .044 and r = -.35, p = .007) with better 

PM associated with better functioning.   

The self- and informant-report PM subscale of the PRMQ were inter-

correlated at r = .53, p < .001. The PM subscale of the self-reported PRMQ 

correlated significantly with all of the self-report MPAI subscales (total, r = -.39, p < 

.001; abilities, r = -.41, p < .001; adjustment, r = -.32, p = .005; and participation, r = 

-.34, p = .004), with better self-reported PM associated with better functioning. As 

was expected, the PM subscale of the informant-reported PRMQ correlated 

significantly with the self-report MPAI total score (r = -.29, p = .041), and the 

participation score (r = -.39, p =.005), as well as all subscales of the informant-report 

MPAI (total, r = -.55, p < .001; abilities, r = -.56, p < .001; adjustment, r = -.40, p = 

.004; and participation r = -.38, p = .006). 
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Table 3.4 

Correlations between main outcome variables, prospective memory predictors and the composite scores. Correlations above diagonal, sample 

size below diagonal. 

 

  1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 

1. TBPM Total Correct 1 .18 -.14 -.14 .05 .17 .06 .10 .14 .07 .19 .03 .27 .09 

2. EBPM Total Correct 61 1 .32* .10 .36** .25* -.26* -.35** -.08 -.22 -.14 -.13 -.02 -.23 

3. Self-report PM 63 62 1 .53** .07 .14 -.39** -.41** -.32* -.34** -.13 -.25 .03 .04 

4. Informant-report PM 47 45 50 1 .22 -.03 -.29* -.24 -.24 -.38** -.55** -.56** -.40** -.38** 

5. EF Composite 63 61 66 49 1 .45** -.46** -.47** -.27* -.41** -.41** -.35* -.35* -.39** 

6. Intelligence Composite 63 61 69 49 68 1 -.17 -.15 -.08 -.14 -.01 -.07 .06 -.09 

7. Self-report MPAI Total 65 62 73 51 68 71 1 .86** .83** .72** .32* .28* .29* .28* 

8. Self-report MPAI Abilities 65 62 73 51 68 71 76 1 .59** .52** .30* .39** .17 .25 

9. Self-report MPAI Adjustment 65 62 73 51 68 71 76 76 1 .61** .20 .10 .29* .06 

10. Self-report MPAI Participation 65 62 73 51 68 71 76 76 76 1 .38** .28* .35** .37** 

11. Informant-Report MPAI Total 49 47 53 50 51 51 54 54 54 54 1 .86** .88** .84** 

12. Informant-Report MPAI Abilities 49 47 53 50 51 51 54 54 54 54 54 1 .63** .61** 

13. Informant-Report MPAI Adjustment 49 47 53 50 51 51 54 54 54 54 54 54 1 .68** 

14. Informant-Report MPAI Participation 49 47 53 50 51 51 54 54 54 54 54 54 54 1 

Demographics 

              15. Age -.06 .31* .15 -.27 .01 .02 -.07 -.10 -.10 -.01 .15 .17 .11 .15 

16. Education -.09 .22 .24* .24 .31** .55** -.15 -.05 -.11 -.22 -.23 -.09 -.26 -.19 

17. Time Since Injury -.02 -.13 -.16 -.12 -.03 -.17 -.19 .23 .15 -.05 -.01 .12 -.04 .02 

Note. TBPM - Time-Based Prospective Memory; EBPM - Event-Based Prospective Memory; PM - Prospective Memory; EF - Executive Function; MPAI - Mayo-Portland Adaptability Inventory: * p < .05; ** p < 

.01. 
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3.4.3 Regression Analyses between PM and Everyday Functioning 

To examine the unique effect of PM on everyday functioning, separate 

hypothesis-driven hierarchical regressions were performed for each measure (time- 

and event-based task accuracy and self-report and informant-report PM abilities), 

controlling for the effects of pre-morbid intelligence at step 1 and the executive 

function composite at step 2. Regression analyses were first performed with 

experimental PM variables and all subscales of the self-report MPAI and informant-

report MPAI respectively. Then additional regression analyses were performed with 

subjective PM measures, and all subscales of the self- and informant-report MPAI 

respectively.  

Prior to conducting the regression, the assumptions of this analysis were 

tested. First, a sample size of 60 for the time- and event-based PM regression 

predicting self-report MPAI, 46 for the time- and event-based PM regression 

predicting informant-report MPAI, and 48 for the subjective PRMQ analyses 

predicting both self- and informant-report MPAI was deemed minimally acceptable 

for a regression with 4 independent variables included (Tabachnick & Fidell, 2001). 

An examination of the correlations (see Table 3.4) revealed that no independent 

variables were highly correlated. Furthermore, all collinearity statistics (i.e. tolerance 

and VIF) were within acceptable limits (i.e., VIF < 10; see below tables).  Univariate 

outliers for the executive-function composite were Winsorised as described above, 

and examination of the Mahalanobis distance scores indicated no multivariate 

outliers. Finally, exploration of residual scatterplots indicated that the distributions of 

all other variable scores were sufficiently normal for the purposes of conducting 

parametric analyses (Gignac, 2019). Finally, the assumptions of linearity and 

homoscedasticity were also satisfied. 
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MPAI: Experimental PM Measures 

First, to assess the unique predictive capacity of objective event- and time-

based PM on total self-reported everyday functioning as measured by the MPAI, a 

three-step hierarchical multiple regression was conducted with TB and EB accuracy 

scores included at step 3. Intelligence was entered at step one, and the executive 

function composite was included at step two of the regression. Results of the 

regression are reported in Table 3.5. At step 1, intelligence was not a significant 

predictor.  At step two, executive functions contributed significantly to the regression 

model, and accounted for 13.6% of the variation in total self-report MPAI. 

Introducing the PM variables at stage three did not result in any significant change to 

the regression model.  

Following this, multiple regressions were performed with the individual 

subscales of the MPAI (abilities, adjustment and participation). See Table 3.5 for 

complete results. At step 1, intelligence was not a significant predictor for any 

subscale. When the EF composite was added at step 2, EF contributed significantly 

to the regression model, accounting for a 14.4% change in variability in the MPAI 

abilities subscale and a 7.7% change in variability in the participation subscale, 

though EF did not contribute to a significant change in the MPAI adjustment 

subscale. Neither EB PM, nor TB PM predicted any additional variance in the MPAI 

subscales, over and above executive functions.  Results are displayed in Table 3.5.  
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Table 3.5 

Regressions concurrently predicting everyday functional outcome using the self-report 

MPAI subscale scores, from experimental PM, over and above the EF composite, 

controlling for pre-morbid intelligence. 

 

B 95% CI β t sr
2
 Adj. R

2
 ∆R

2
 Tolerance VIF 

MPAI Total          

Step 1 

     

.03 .05 

  Intelligence 

Composite -2.20 -4.77, .37 -.22 -1.72 .05 

  

1.00 1.00 

Step 2 

     

.14 .12 

  EF Composite -3.57 -6.10, -1.03 -.40 -2.82** .12 

  

.74 1.35 

Step 3 

     

.22 .12 

  Time-Based PM 2.81 -3.05, 8.66 .12 .96 .01 

  

.95 1.05 

Event-Based PM  -2.72 -11.36, 5.92 -.08 -.63 .01 

  

.86 1.17 

MPAI Abilities          

Step 1      .04 .05   

Intelligence 

Composite -2.62 -5.54, -.29 -.23 -1.80 .05   1.00 1.00 

Step 2      .17 .14   

EF Composite 4.52 -7.34, -1.69 -.44 -3.20** .14   .71 1.40 

Step 3      .19 .05   

Time-Based PM 4.16 -2.23, 10.56 .16 1.31 .02   .95 1.05 

Event-Based PM  -7.00 -16.43, 2.44 -.19 -1.49 .03   .786 1.31 

MPAI Adjustment          

Step 1      .00 .02   

Intelligence 

Composite -1.65 -4.82, 1.53 -.14 -1.04 .02   1.00 1.00 

Step 2      .03 .04   

EF Composite -2.65 -5.92, .61 -.24 -1.63 .04   .74 1.35 

Step 3      .03 .04   

Time-Based PM 4.90 -2.58, 12.39 .17 1.31 .03   .95 1.05 

Event-Based PM  2.83 -8.22, 13.88 .07 .51 .00   .86 1.17 

MPAI Participation          

Step 1      .01 .02   

Intelligence 

Composite -2.51 -6.90, 1.88 -.15 -1.14 .02   1.00 1.00 

Step 2      .07 .08   

EF Composite -4.90 -9.34, -.47 -.32 -2.21* .08   .74 1.35 

Step 3      .04 .01   

Time-Based PM 2.40 -7.91, 12.71 .06 .47 .00   .95 1.05 

Event-Based PM  -5.07 -20.28, 10.14 -.09 -.67 .01   .86 1.16 

Note. ∆ = change; Adj. = Adjusted; B = beta weight; β = standardised beta weight; sr
2
 = semi-partial correlation; CI = 

confidence interval; MPAI = Mayo-Portland Adaptability Inventory; PM = prospective memory; EF = executive 

functions; *p< .05, **p< .01 

 

To evaluate the predictive capacity of experimental measures of PM on 

everyday functioning as evaluated by a knowledgeable informant, the above analyses 
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were repeated with informant-report MPAI total scale and subscales. Results are 

displayed in Table 3.6. Intelligence did not contribute significantly to the regression 

model at step 1. At step 2, EF contributed significantly for all MPAI subscales, 

accounting for an additional 22.4% variance in the informant-report MPAI total 

scale, 12.7% additional variance in the abilities subscale, 20.8% in the adjustment 

subscale and 13.4% additional variance in the participation subscale. Entering the TB 

and EB PM experimental measures in step three did not predict any additional 

variance. 
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Table 3.6 

Regressions concurrently predicting everyday functional outcome using the informant-

report MPAI subscale scores, from experimental PM, over and above the EF composite, 

controlling for pre-morbid intelligence. 

 

B 95% CI β t sr
2
 Adj. R

2
 ∆R

2
 Tolerance VIF 

MPAI Total          

Step 1 

     

-.02 .00 

  Intelligence Composite .39 -3.19, 3.96 .03 .22 .00   1.00 1.00 

Step 2      .19 .22   

EF Composite -6.70 -10.52, -2.87 -.59 -3.53** .22   .66 1.52 

Step 3      .19 .04   

Time-Based PM 5.55 -3.32, 14.42 .19 1.26 .03   .79 1.27 

Event-Based PM  -7.26 -21.12, 6.60 -.17 -1.06 .04   .73 1.37 

MPAI Abilities          

Step 1      -.02 .00   

Intelligence Composite -.92 -6.00, 4.15 -.06 -.37 .00   1.00 1.00 

Step 2      .09 .13   

EF Composite -7.16 -12.91, -1.40 -.44 -2.51* .13   .66 1.52 

Step 3      .05 .00   

Time-Based PM .50 -12.15, 14.15 .01 .07 .00   .79 1.27 

Event-Based PM  -4.65 -25.97, 16.67 -.08 -.44 .00   .73 1.37 

MPAI Adjustment          

Step 1      -.02 .01   

Intelligence Composite 1.04 -2.76, 4.84 .08 .55 .01   1.00 1.00 

Step 2      .18 .21   

EF Composite -6.87 -10.97, -2.76 -.56 -3.37** .21   .66 1.52 

Step 3      .19 .05   

Time-Based PM 7.73 -1.72, 17.17 .25 1.65 .05   .79 1.27 

Event-Based PM  -3.28 -18.03, 11.47 -.07 -.45 .00   .73 1.37 

MPAI Participation          

Step 1      -.02 .00 1.00 1.00 

Intelligence Composite -.46 -4.94, 4.02 -.03 -.21 .00     

Step 2      .10 .13 .66 1.52 

EF Composite -6.48 -11.55, -1.41 -.45 -2.58* .13     

Step 3      .10 .05 .79 1.27 

Time-Based PM 4.78 -6.92, 16.48 .13 .83 .01   .73 1.37 

Event-Based PM  -13.71 -31.98, 4.57 -.25 -1.52 .04   1.00 1.00 

Note. ∆ = change; Adj. = Adjusted; B = beta weight; β = standardised beta weight; CI = confidence 

interval; MPAI = Mayo-Portland Adaptability Inventory; PM = prospective memory; EF = executive 

functions; *p< .05, **p< .01 

 

MPAI: Subjective PM Measures 

As with the analyses above, to assess the unique predictive capacity of 

subjective PM on total self-reported everyday functioning as measured by the MPAI, 
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a three-stage hierarchical multiple regression was conducted with self- and 

informant-reported PM from the PRMQ included at step 3. While self- and 

informant-report PM was moderately intercorrelated, diagnostic tests (VIF and 

Tolerance) did not indicate issues with multicollinearity in the model. As before, 

intelligence was entered at step one, and the executive function composite was 

included at step two of the regression. Results of the regression are reported in Table 

3.7. At step 1, intelligence was not a significant predictor for any of the MPAI total 

scale or subscales. At step two, executive functions contributed significantly to the 

regression model for all the MPAI subscales, accounting for an additional 14.3% of 

the variance in total MPAI, 14.1% additional variance in abilities, 8.3% of additional 

variance in adjustment, and 10.6% additional variance in participation. Introducing 

the PM variables at stage contributed significantly to the model predicting self-

reported MPAI adjustment and participation subscales, accounting for an additional 

12.4% and 15.6% of variance, respectively.  

Self-report PM was a significant unique predictor for the MPAI total 

subscale, uniquely accounting for 6.9% of the variance, the MPAI abilities subscale, 

uniquely accounting for 9.4% of the variance and the MPAI adjustment subscale, 

uniquely accounting for 9.4% of the variance. Despite the model being significant for 

the MPAI participation subscale once the PM variables had been entered at step 

three, no individual variables accounted for a significant, unique amount of variance 

in self-reported MPAI participation.
5
 

  

                                                 

 
5
 For all regressions where self-report PM was found to be a significant predictor, a second series of 

regressions were performed removing the intelligence and EF composite scores, and replacing them 

with the variables of age, education and gender. This was to determine whether the significant 

findings remained after controlling for demographic factors. Results were unchanged, and self-report 

PM remained a significant predictor of everyday functioning. 
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Table 3.7 

Regressions concurrently predicting everyday functional outcome using the self-report 

MPAI subscale scores, from subjective PM, over and above the EF composite, controlling 

for pre-morbid intelligence. 

 

B 95% CI β t sr
2
 Adj. R

2
 ∆R

2
 Tolerance VIF 

MPAI Total          

Step 1      .01 .03   

Intelligence Composite -1.61 -4.39, 1.18 -.17 -1.16 .03   1.00 1.00 

Step 2      .14 .14   

EF Composite -4.10 -7.06, -1.14 -.44 -2.79** .14   .73 1.34 

Step 3      .20 .10   

Self-report PM -.20 -.40, -.00 -.32 -2.02* .07   .70 1.42 

Informant-report PM  .00 -.19, .19 .00 .01 .00   .67 1.50 

MPAI Abilities          

Step 1      .02 .04   

Intelligence Composite -2.28 -5.45, .93 -.21 -1.43 .04   1.00 1.00 

Step 2      .15 .14   

EF Composite -4.71 -8.12, -1.31 -.44 -2.79** .14   .73 1.34 

Step 3      .21 .10   

Self-report PM -.27 -.50, -.04 -.37 -2.36* .09   .70 1.42 

Informant-report PM  .09 -.13, .31 .13 .80 .01   .67 1.50 

MPAI Adjustment          

Step 1      -.01 .01   

Intelligence Composite -.97 -3.98, 2.05 -.10 -.65 .01   1.00 1.00 

Step 2      .05 .08   

EF Composite -3.35 -6.68, -.03 -.34 -2.03* .08   .73 1.34 

Step 3      .14 .12   

Self-report PM -.25 -.48, -.03 -.37 -2.28* .09   .70 1.42 

Informant-report PM  .01 -.20, .22 .02 .10 .00   .67 1.50 

MPAI Participation          

Step 1      -.01 .01   

Intelligence Composite -1.48 -6.18, 3.23 -.09 -.63 .01   1.00 1.00 

Step 2      .08 .11   

EF Composite -5.89 -11.01, -.78 -.38 -2.32* .11   .73 1.34 

Step 3      .20 .16   

Self-report PM -.25 -.79, .08 -.24 -1.53 .04   .70 1.42 

Informant-report PM  -.23 -.55, .09 -.23 -1.43 .03   .67 1.50 

Note. ∆ = change; Adj. = Adjusted; B = beta weight; β = standardised beta weight; CI = confidence 

interval; MPAI = Mayo-Portland Adaptability Inventory; PM = prospective memory; EF = executive 

functions; *p< .05, **p< .01 

 

Following this, multiple regressions were performed with the all subscales of 

the informant-report MPAI (total, abilities, adjustment and participation). See Table 

3.8 for complete results. At step 1, intelligence was not a significant predictor for any 
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subscale. When the EF composite was added at step 2, EF contributed significantly 

to the regression model for all informant-report MPAI subscales, accounting for a 

25.7% change in variability in the total MPAI score, 13.5% change in variability in 

the MPAI abilities subscale, 24.3% change in variability in the adjustment subscale, 

and 18.0% change in variability in the participation subscale. When the PM variables 

were entered at step 3, they too accounted for a significant amount of variance in all 

informant-report MPAI subscales, accounting for an additional 19.3% variance in 

MPAI total score, 20.3% change in abilities, 11.2% change in adjustment and a 

13.4% change in participation.  

 Informant-report PM was a significant and unique predictor of all 

informant-reported MPAI subscales. Informant-report PM uniquely accounted for 

18.4% of the variance in MPAI total subscale, 16.4% of the variance in abilities, 

11.1% of the variance in adjustment and 13.0% of the variance in participation. Self-

report PM was not a significant and unique predictor of any of the informant-

reported MPAI subscales. 
6
 

  

                                                 

 
6
 For all regressions where informant-report PM was found to be a significant predictor, a second 

series of regressions were performed removing the intelligence and EF composite scores, and 

replacing them with the variables of age, education and gender. This was to determine whether the 

significant findings remained after controlling for demographic factors. Results were unchanged, and 

informant-report PM remained a significant predictor of everyday functioning. 
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Table 3.8 

Regressions concurrently predicting everyday functional outcome using the informant-

report MPAI subscale scores, from subjective PM, over and above the EF composite, 

controlling for pre-morbid intelligence. 

 

B 95% CI β t sr
2
 Adj. R

2
 ∆R

2
 Tolerance VIF 

MPAI Total          

Step 1      -.02 .00   

Intelligence Composite .73 -2.90, 4.35 .06 .40 .00   1.00 1.00 

Step 2      .23 .26   

EF Composite -6.98 -10.58, -3.39 -.59 -3.92** .23   .74 1.36 

Step 3      .40 .19   

Self-report PM .14 -.08, .36 .17 1.25 .02   .71 1.42 

Informant-report PM  -.40 -.61, -.18 -.53 -3.77** .18   .67 1.49 

MPAI Abilities          

Step 1      -.02 .00   

Intelligence Composite -.15 -5.07, 4.77 -.01 -.06 .00   1.00 1.00 

Step 2      .10 .14   

EF Composite -6.85 -12.13, -1.58 -.43 -2.62* .13   .74 1.36 

Step 3      .28 .20   

Self-report PM .06 -.27, .39 .05 .35 .00   .71 1.42 

Informant-report PM  -.51 -.82, -.19 -.50 -3.24** .16   .67 1.49 

MPAI Adjustment          

Step 1      -.02 .01   

Intelligence Composite 1.17 -3.00, 5.35 .08 .56 .01   1.00 1.00 

Step 2      .22 .24   

EF Composite -7.83 -12.02, -3.65 -.59 -3.77** .24   .74 1.36 

Step 3      .30 .11   

Self-report PM .22 -.05, .50 .24 1.61 .04   .71 1.42 

Informant-report PM  -.36 -.62, -.09 -.41 -2.71* .11   .67 1.49 

MPAI Participation          

Step 1      -.02 .00   

Intelligence Composite -.42 -4.74, 3.90 -.03 -.20 .00   1.00 1.00 

Step 2      .14 .18   

EF Composite -6.96 -11.47, -2.46 -.50 -3.11** .18   .74 1.36 

Step 3      .25 .13   

Self-report PM .28 -.02, .58 .29 1.89 .06   .71 1.42 

Informant-report PM  -.40 -.68, -.11 -.44 -2.82** .13   .67 1.49 

Note. ∆ = change; Adj. = Adjusted; B = beta weight; β = standardised beta weight; CI = confidence 

interval; MPAI = Mayo-Portland Adaptability Inventory; PM = prospective memory; EF = executive 

functions; *p< .05, **p< .01 

 

3.4.4 Study Part 2 

Further analyses were performed to assess the relationship between PM 

accuracy – cost trade-offs with everyday functioning.  
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3.4.5 Ongoing Task Cost 

First, paired-sample t-tests were performed to assess whether there was, a) a 

significant difference between baseline response times (block 1) and PM task 

response times (block 2), and b) a significant difference between accuracy of 

ongoing Lexical Decision (LD) task performance in block 1 and LD task 

performance in block 2.  

Consistent with our expectations, for the time-based PM task, there was a 

significant difference in response times, suggesting that there was a cost associated 

with performing the PM task at block 2, t(1,58) = -5.44, p <.001, Cohen’s d = .71. 

There was also a significant difference between ongoing LD task accuracy at block 1 

and block 2, suggesting that ongoing task accuracy was worse once the PM task was 

introduced t(1,62) = 7.66, p <.001, Cohen’s d = .97.  

For the event-based PM task, there was a significant difference in response 

times, again suggesting that there was a cost associated with performing the EB PM 

task, t(1,61) = -6.03, p < .001, Cohen’s d = .77, which was again consistent with our 

expectations. There was a marginal difference in ongoing task accuracy, suggesting 

slightly worse performance in the ongoing LD task once the PM task was introduced, 

t(1,61) = 1.97, p = .053, Cohen’s d = .25.  

As a cost was incurred with the introduction of the PM task for both EB and 

TB PM, a ‘cost’ variable was calculated by subtracting PM task response times away 

from baseline response times. Negative values on the resulting variable reflect 

evidence of higher cost.  
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A correlation analysis was then completed to examine any relationships 

between PM task accuracy, ongoing LD task accuracy during block 2 (PM block), 

cost, and everyday functioning as measured by both the MPAI (see Table 3.9).
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Table 3.9 

Correlations between main everyday functioning variables, EB and TB PM task accuracy, ongoing LD task accuracy and EB and TB PM cost. 

Correlations above diagonal, sample size below diagonal. 

 

  1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 

1. EBPM Total Correct 1 .59** -.23 .18 .45** -.02 -.26* -.34** -.08 -.21 -.14 -.13 -.02 -.23 

2. EBPM LD Total Correct 62 1 -.45** .16 .40** -.17 .-.27* -.28* -.13 -.24 -.14 -.14 -.07 -.19 

3. EBPM Cost 62 62 1 -.03 -.06 .10 .14 .12 .00 .07 -.03 .00 -.05 -.01 

4. TBPM Total Correct 61 61 61 1 .03 -.04 .06 .07 .14 .05 .19 .03 .27 .09 

5. TBPM LD Total Correct 59 59 59 63 1 -.23 -.11 -.09 .08 -.30* -.37** -.30* -.30* -.42** 

6.TBPM Cost 58 58 58 62 62 1 .24 .22 .16 .26 .40** .39** .29* .37* 

7. Self-report MPAI Total 62 62 62 65 63 62 1 .86** .83** .72** .32* .28* .29* .28* 

8. Self-report MPAI Abilities 62 62 62 65 63 62 76 1 .59** .52** .30* .39** .17 .25 

9. Self-report MPAI Adjustment 62 62 62 65 63 62 76 76 1 .61** .20 .10 .29* .06 

10. Self-report MPAI Participation 62 62 62 65 63 62 76 76 76 1 .38** .28* .35** .37** 

11. Informant-report MPAI Total 47 47 47 49 47 46 54 54 54 54 1 .86** .88** .84** 

12. Informant-report MPAI Abilities 47 47 47 49 47 46 54 54 54 54 54 1 .63** .61** 

13. Informant-report MPAI Adjustment 47 47 47 49 47 46 54 54 54 54 54 54 1 .68** 

14. Informant-report MPAI Participation 47 47 47 49 47 46 54 54 54 54 54 54 54 1 

Note. EBPM - Event-Based Prospective Memory; TBPM - Time-Based Prospective Memory; LD – Lexical Decision; MPAI - Mayo-Portland Adaptability Inventory: * p < 

.05; ** p < .01. 
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For the EB PM task, results indicated that increased cost was associated with 

better LD task accuracy (r = -.45, p < .001), though no significant relationship was 

found between cost and PM accuracy (r = -.23, p = .079), which was unexpected. 

Better LD task accuracy was significantly correlated with PM target accuracy (r = 

.59, p < .001). EB PM cost was not significantly related to any self- or informant-

report everyday functioning measure. Accuracy on the LD task, however, was 

correlated with self-report MPAI abilities subscale (r = -.28, p = .030), and self-

report MPAI total subscale (r = -.27, p =.035), suggesting that as LD accuracy 

improved, everyday functioning improved. 

The relationship between EB PM cost and LD task accuracy, or accuracy on 

the TB PM task, were nonsignificant. With respect to everyday functioning, lower 

TB PM cost was significantly related to poorer functioning as indicated by informant 

MPAI total score (r = .40, p = .006), as well as the abilities (r = .40, p = .007), 

adjustment (r = .29, p = .047), and participation (r = .37, p =.012) subscales. Overall, 

this pattern of results suggested that poorer everyday functioning was associated with 

lower cost to the ongoing task, reflecting that individuals who were unable to 

allocate additional resources (and hence did not incur an additional cost) had a poorer 

everyday functioning. Of note, however, this did not result in poorer PM 

performance, which was not consistent with our hypothesis. Block 2 LD ongoing 

task accuracy was significantly correlated with self-reported MPAI participation (r = 

-.30, p = .017), and all informant-report MPAI subscales (total; r = -.37, p = .011, 

abilities; r = -.30, p = .041, adjustment; r = -.30, p = .039, participation; r = -.42, p = 

.004). The relationship with LD task accuracy suggested that as accuracy on the 

ongoing task during the TB PM trial increased, everyday functioning improved.  
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3.4.6 Post-hoc Exploratory Analysis 

As indicated, previous studies have suggested that increased cost is associated 

with improved PM performance, and reduced cost results in worse PM accuracy (Li, 

2014). Given that we did not find the same relationship, particularly with TB PM, it 

was considered whether a potential ‘trade-off’ was occurring with respect to ongoing 

task accuracy. If reduced cost was reflecting poorer everyday functioning, yet better 

PM performance, perhaps this was occurring at the expense of the ongoing task. As 

such, further analyses were performed to assess this relationship. To evaluate the 

effect of cost, a new variable was created, dividing the participants into a low and 

high cost condition at the median, for both TB and EB tasks (TB: median = -248.25; 

EB: median = -145.45; low cost = 0, high cost = 1).  

For the TB task within the low cost group (N = 29, see Table 3.10), a 

statistically significant relationship was found between ongoing LD task accuracy, 

and PM task accuracy such that as accuracy in the PM task increased, LD task 

accuracy decreased (r = -.47, p = .01). This confirmed that participants who were 

unable to allocate additional resources to manage both tasks once the PM task was 

introduced, prioritised performance on the PM task, at the expense of the ongoing 

task. As expected, this therefore indicated that those participants would have a poorer 

everyday functioning. 
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Table 3.10 

Correlations examining relationship within low cost group in the TB (n=29) and EB 

(n=31) tasks between PM task accuracy, ongoing LD accuracy and main everyday 

functioning variables.  

 

1. 2. 3. 4. 

1. TBPM Total Correct     

2. TBPM LD Total Correct -.47**    

3. EBPM Total Correct .34 .08   

4. EBPM LD Total Correct -.21 .69** .68**  

5. Self-report MPAI Total -.03 -.07 -.31 -.34 

6. Self-report MPAI Abilities -.09 .10 -.37* -.34 

7. Self-report MPAI Adjustment -.01 -.05 -.00 -.19 

8. Self-report MPAI Participation .18 -.35 -.28 -.30 

9. Informant-report MPAI Total .44* -.43* -.18 -.28 

10. Informant-report MPAI Abilities .27 -.32 -.16 -.25 

11. Informant-report MPAI Adjustment .50* -.44* .00 -.20 

12. Informant-report MPAI Participation .45* -.47* -.27 -.30 
Note. TBPM - Time-Based Prospective Memory; EBPM – Event-Based Prospective Memory; LD – 

Lexical Decision; MPAI - Mayo-Portland Adaptability Inventory; *p < .05; ** p < .01. 
 

For the low cost group, the relationship between ongoing task accuracy and 

everyday functioning remained, revealing significant correlations with informant-

reported MPAI total score (r = -.43, p = .04), adjustment (r = -.44, p = .04) and 

participation (r = -.47, p = .03), self-reported CIQ total score (r = .40, p = .04), and 

social subscale (r = .42, p = .03) as well as informant-reported CIQ total score (r = 

.54, p = .01) and home subscale (r = .54, p = .01). The relationships indicated as 

ongoing task accuracy decreased, everyday functioning also decreased.  

For the EB task, correlations were also examined at the low-cost condition (N 

= 31, see Table 4.10) and correlations are displayed in Table 3.10. Results revealed 

that as PM accuracy increased, ongoing task accuracy increased, and this relationship 

was statistically significant (r = .40, p = .026). No relationship was found with any 

everyday functioning measures. This relationship was somewhat unsurprising, given 

that in comparison to the TB PM task, adequate dual-task completion was expected 

to be easier in the EB task.  
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Finally, correlations were examined for the high cost group, and results are 

revealed in Table 3.11. For TB PM, a significant correlation was found between TB 

ongoing task accuracy and the self-report MPAI adjustment subscale (r = .43, p = 

.015). This relationship suggested as ongoing task accuracy increased, everyday 

functioning decreased. No other significant relationships were found with TB PM 

measures or everyday functioning in the high cost condition.  

For EB PM, no significant relationships were found with either EB PM task 

accuracy or ongoing task accuracy and the MPAI subscales.  

Table 3.11 

Correlations examining relationships within high cost condition (n=32) in TB and 

EB (n=31) task between PM task accuracy, ongoing LD accuracy and main everyday 

functioning variables. 

  1. 2. 3. 4. 

1. TBPM Total Correct     

2. TBPM LD Total Correct .32    

3. EBPM Total Correct .24 .74**   

4. EBPM LD Total Correct .19 .79** .41*  

5. Self-report MPAI Total .17 .07 -.17 -.12 

6. Self-report MPAI Abilities .20 -.15 -.29 -.16 

7. Self-report MPAI Adjustment .28 .43* -.19 -.04 

8. Self-report MPAI Participation -.03 -.16 -.10 -.08 

9. Informant-report MPAI Total -.05 -.32 -.18 -.06 

10. Informant-report MPAI Abilities -.17 -.37 -.15 -.02 

11. Informant-report MPAI Adjustment -.03 -.14 -.13 -.03 

12. Informant-report MPAI Participation -.19 -.32 -.26 -.16 

Note. TBPM - Time-Based Prospective Memory; EBPM – Event-Based Prospective Memory; LD 

– Lexical Decision; MPAI - Mayo-Portland Adaptability Inventory; *p < .05; ** p < .01. 
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3.5 Discussion 

The present study aimed to investigate whether PM is a unique predictor of 

everyday functioning following ABI. Of note, this is the first study to explore the 

ability of PM costs in the prediction of everyday functioning following ABI.  Despite 

the existing literature confirming the existence of PM deficits following mild, 

moderate and severe ABI (Tay et al., 2010), very few studies have examined the 

relationship between PM and everyday functioning. Furthermore, despite evidence in 

the literature that PM deficits have been associated with executive functions given 

the cognitive processes involved in successful PM remembering (Kliegel et al, 2001), 

no studies to date have examined the unique effect of PM and executive functions in 

the prediction of everyday functioning. Furthermore, given the findings of chapter 2, 

that executive functions are typically poorly measured, this study sought to examine 

executive functions comprehensively, by examining four subdomains of executive 

functions; shifting, monitoring, updating and inhibition. PM was measured using 

well-validated experimental tasks that enabled distinct measurement of both time- 

and event-based PM. This study also examined the importance of both self-report 

and informant-reported PM in the prediction of everyday functioning.  

3.5.1 Experimental Measures of Prospective Memory 

The primary aim of this study was to investigate whether PM deficits predict 

everyday functioning in individuals with ABI, over and above executive function 

performance. With respect to the experimental PM tasks, based on simple bivariate 

correlations we found moderate associations with event-based prospective memory 

and everyday functioning as demonstrated by the MPAI total score, and MPAI 

abilities subscale. Specifically, lower performance on the event-based prospective 

memory task was associated with poorer self-reported everyday functioning, both 
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with respect to specific cognitive abilities (e.g. vision, hearing, speech), and a 

combination of abilities, adjustment following injury, and participation in everyday 

activities. These results support previous studies such as Twamley et al (2008) and 

Woods et al (2008) which suggested that EB PM is a significant predictor of 

medication nonadherence and functional skills performance in individuals with HIV 

and schizophrenia, respectively. Notably, these findings did not remain within a 

regression model. This may suggest that EF is indeed a stronger predictor of 

everyday functioning, or, the current study lacked sufficient power to detect 

significance. Examination of the variance explained in the final step in the MPAI 

subscale measures suggested a relatively small, but non-trivial amount of variance. 

For example, both time- and event-based PM explained an additional 12% of the 

variance in the self-report MPAI, and an additional 4% of the variance in the 

informant-report MPAI total score after controlling for intelligence and EF. While 

nonsignificant, the combination of EB and TB PM resulted in an effect size that is 

comparable in the literature (e.g. See Hering, Kliegel, Rendell, Craik & Rose, 2018).  

This suggests that while this is a relatively small effect size, power may indeed be an 

issue, and replication with a larger sample may assist to clarify this.  

Additional consideration for the nonsignificant findings with experimental 

PM measures could be methodologically driven. First, with respect to event-based 

PM (EB PM), research regarding prospective memory has suggested that the 

cognitive demands required for successful time-based prospective remembering 

supersedes that of EB PM (McDaniel & Einstein, 2007). This is largely due to the 

fact the EB PM relies heavily on an environmental cue, to indicate when the action 

must be performed. In this respect, a person could potentially have impaired 

cognition (executive functions, attention and processing speed) and still be cued to 
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perform an action, at the appropriate time (Groot, Wilson, Evans, & Watson, 2002; 

Cockburn, 1995). Failure in EB PM often occurs when an individual does not come 

across the cue, misses the cue, or comes across the cue too late to perform the action 

(McDaniel & Einstein, 2007). In our experimental paradigm, it was impossible for 

the participant to miss the EB cue, unless other factors interrupted their attention, or 

they experienced a retrospective memory failure, and forgot the instructions 

altogether. Indeed, EB PM was significantly correlated with attention in the current 

study (r = .39, p = .002), potentially suggesting that the task was somewhat 

measuring attentional abilities, rather than pure PM. Furthermore, participants mean 

accuracy for the EB task was 75.8%, with 59% of participants scoring above 87%. 

These results are consistent with previous findings (Fish et al., 2007; Groot et al., 

2002), though suggests that participants generally performed significantly better on 

the EB task than the TB task, whose mean accuracy was 50.79%, with only 20% 

performing the task perfectly. These results suggest that in comparison to an 

impairment in executive function performance, participants may have been only 

mildly impaired on the EB PM task, and this impairment was not enough to predict 

everyday functioning above EF.  

A somewhat surprising finding given previous literature, was that time-based 

prospective memory (TB PM) was unable to predict everyday functioning over-and-

above executive functioning. Previous studies have suggested that several cognitive 

domains are required for successful PM, including encoding, retrieval, execution and 

monitoring (Kliegal et al., 2002). Furthermore, as indicated earlier, the literature 

suggests that TB PM, more so than EB PM, requires the use of higher-order 

executive functions (intention formation, implementation and monitoring of the 

environment) for successful prospective remembering (Martin et al., 2003). To this 
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end, it was hypothesized that TB PM should contribute uniquely to the prediction of 

everyday functioning following ABI, given the complex cognitive process required 

to elicit a successful TB PM response. Our study did not support this hypothesis, nor 

previous literature into this area (Pirogovsky et al., 2012; Woods et al., 2008). A 

possible explanation for this finding could be on account of perceived importance of 

the TB PM task. Previous research has found that if participants considered their 

success in a TB PM task as important, their performance improved in comparison to 

those who had little perceived importance towards the task (Kliegal et al., 2001; 

Walter & Meier, 2014). Although this relationship has not yet been researched in 

adults with ABI, there has been preliminary research looking at incentive effects in 

children and adolescents with TBI, which has demonstrated that TB PM tasks with a 

higher-motivation elicit significantly more PM success (McCauley, McDaniel, 

Pedroza, Chapman & Levin, 2009). In our current study, at the end of the TB PM 

task, participants were asked to respond to three questions regarding their 

performance; 1) For the tasks that you have just completed, how much effort did you 

put into performing it? 2) How frequently did you experience distracting thoughts? 

and 3) How worried or concerned were you about performing or not performing 

well? Significant, moderate correlations were found between questions 1 and 3 and 

time-based PM accuracy, suggesting that perceived importance, and respective 

effort, contributed to overall participant performance (total PM accuracy with Q1, r = 

.28, p = .029 and Q3, r = .28, p = .026). Furthermore, not only was their overall 

accuracy correlated with perceived effort associated with the task, but their average 

latency was reduced (i.e. they were more likely to remember the time, closer to the 

target, if they asserted more effort; Q3, r = .40, p < .001). It could be hypothesised, 

then, that despite having had an ABI, if the participant considered their success on 
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this task to be important, they would spend more time and effort trying to succeed, 

despite potentially experiencing day-to-day deficits in PM. 

Finally, previous studies have also suggested that experimental measures of 

PM lack ecological validity (Chaytor & Schmitter-Edgecombe, 2003; Shum et al., 

2002; Shum, et al., 1999). This has been suggested for several reasons. First, PM 

situations occurring in daily life are more personal in nature as the individual, rather 

than the experimenter, assigns the PM task. Secondly, if an individual sets their own 

task, they may implement a strategy (such as grouping the task with another similar 

task), to enable more successful remembering. Finally, as indicated earlier, 

‘importance’ is frequently considered an incentive of performance. For example, if 

the individual perceives a PM task to be important, this may elicit better retrieval 

(Kliegel, Martin, McDaniel & Einstein, 2001). A PM task set by the individual, 

therefore, may be considered more important than one set by an experimenter. 

Despite these limitations however, experimental paradigms typically have strong 

validity and reliability (Shum et al., 2002), are theoretically driven, and in the case 

with the current laboratory paradigm, they enable the assessment of cost. 

3.5.2 Subjective Measures of Prospective Memory 

Investigation of self-report questionnaire measures of PM, from the 

Prospective Retrospective Memory Questionnaire (PRMQ), revealed moderate 

bivariate associations with all everyday functioning predictors, as measured by the 

self-report MPAI, suggesting that as self-reported PM failures increased, their 

everyday functioning across all abilities, adjustment and participation subscales 

decreased. Informant-reported PM failures were similarly associated with all 

informant-reported everyday functioning measures, and additionally revealed a 

relationship with participation in daily activities, and overall everyday functioning as 
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measured by self-report MPAI. Once included in the regression controlling for 

intelligence and EF, self-report PM was found to be a significant, and unique 

predictor of everyday functioning as measured by the self-report MPAI total, abilities 

and adjustment subscales over and above executive functioning. Similarly, 

informant-report PM uniquely predicted everyday functioning over and above EF for 

all informant-report MPAI subscales (total, abilities, adjustment and participation). 

These findings are somewhat unsurprising, given that it suggests consistency across 

measures, though it does indeed support that PM deficits as they occur in daily life 

are likely related to, and predictive of, everyday difficulties. 

Previous studies have used both self- and informant-ratings of PM due to the 

consideration that reduced self-awareness in ABI populations could lead to a 

potential underestimation of PM failures, and hence using self-report questionnaires 

alone may lead to an underestimation of abilities (Roche, Fleming & Shum, 2002). 

Encouragingly, our analysis revealed a moderate correlation (r = .53) between self- 

and informant-reported PM, suggesting a relatively good level of insight into PM 

failures in our ABI population. Additional inter-correlations between self- and 

informant-report everyday functioning measures for the MPAI revealed moderate to 

strong, significant correlations between all total and subtest measures. The 

importance of including questionnaire measures to assess PM was outlined in a 

review by Shum, Fleming and Neulinger (2002). They suggested that questionnaire 

measures of PM are important for two reasons; 1) insight into a person’s everyday 

memory failures may not be possible to measure in an experimental procedure, and 

therefore we would be missing important aspects of PM, and 2) they provide insight 

into a person’s own beliefs about their memory abilities, which can in turn, affect 

their behaviour, and everyday functioning. As indicated, our analysis revealed that 
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self-reported PM abilities were strongly correlated with poorer everyday functioning, 

which suggests that their perceived memory deficits are indeed related to their own 

self-perception of their current functioning. Findings that informant-report PM 

failures were correlated with both self- and informant-report everyday functioning 

supports prior findings from Tam and Schmitter-Edgecombe (2013), who confirmed 

that informant-report PM failures were correlated with every-day forgetfulness and 

poorer cognitive functioning. This additionally confirms that PM failures as noticed 

by significant others are correlated with a noticeable decrease in patient abilities, 

adjustment and participation following an ABI. Furthermore, as questionnaire 

measures assess PM failures that occur in daily life, they have an arguably higher 

ecological validity than many experimental tasks (Raskin, Williams & Aiken, 2018).    

3.5.3 Executive Functions 

An important result of the current study was found with respect to EF 

performance. Looking at bivariate correlations, significant relationships were found 

between EF and all self- and informant-report measures of everyday functioning. 

When included in the regression equations with experimental PM, EF was a 

significant predictor of self-report MPAI total subscale, abilities and participation. 

EF was also a significant predictor of all informant-report MPAI subscales. When 

included in the regression equation with subjective measures of PM, EF was again a 

significant predictor of all self- and informant-report MPAI subscales. In study 1 of 

this thesis, it was suggested that EF is typically poorly measured in the literature and 

hence we were unable to conclude that EF was a significant predictor of outcome 

following ABI (Watson et al., 2020). Although the current study did not include EF 

in a regression with other neuropsychological domains such as attention and 

visuospatial abilities (as in study 1), the current study clearly demonstrated that if EF 
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is measured well by accounting for all domains (shifting, working memory, 

inhibition and generativity), EF can be considered a significant predictor of outcome 

following ABI, as is suggested by the literature (e.g. Rohling, Faust, Beverly, & 

Demakis, 2009; Kennedy et al., 2008). 

In all regression analyses, it is noted that we did not control for demographic 

variables such as age, education and gender. It is understood that the literature 

suggests that such factors can predict everyday functioning and outcome following 

ABI (Mushkudiani et al., 2007; Ponsford et al., 2008; Ponsford, 2013). 

Unfortunately, given the small sample size in the current study, there were concerns 

that including the demographic variables would result in overfitting the model 

(Babyak, 2004; Hawkins, 2004). As such, when a PM variable was found to be a 

unique and significant predictor of everyday functioning, an additional regression 

was conducted, removing the intelligence and EF variables at steps one and two, and 

replacing them with demographic predictors (age, education and gender) at step one. 

In all regressions, the self- and informant-reported PM variables remained significant 

and unique predictors. 

3.5.4 Exploration of Cost 

The second part of this study aimed to investigate the potential relationship 

between an individual’s PM task-related costs with everyday functioning. As 

discussed earlier in this chapter, in comparison to an ongoing baseline task, 

performing a PM task requires additional cognitive resources, such as monitoring of 

the environment (Scullin et al., 2010). If monitoring processes (among others) are 

engaged during a PM task, there should be a cost to the ongoing activity. This cost is 

measured as an increase in response time to the ongoing task. Previous research has 
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also demonstrated that response cost is frequently accompanied by an improvement 

in PM accuracy (Smith, 2003). 

To align with previous research, it was hypothesized that a cost would be 

incurred for both EB and TB PM, in this current study. This was seen in the present 

data, with a significant increase in response time from baseline, to block 2, when the 

PM task was introduced. It was also hypothesised that cost would be correlated with 

PM accuracy, or potentially ongoing task accuracy. For EB PM, presence of cost was 

found to be associated with better LD task accuracy, though no relationship was 

found between cost and PM accuracy. For TB PM, presence of cost was not found to 

be associated with better performance on the PM task, nor LD task accuracy. These 

results were unexpected, given that previous research has theorised that cost would 

suggest a presence of effort in performing the PM task, which should equate to better 

performance (Loft & Yeo, 2007). As indicated, for the EB PM task cost was 

associated with better LD task accuracy. This could suggest that the additional effort 

to perform block 2 may have resulted in better performance to the ongoing task, 

though their PM was still impaired. A further explanation for this finding could be 

that individuals with ABI may simply be unable to efficiently allocate resources to 

perform both tasks, regardless of response cost. 

Following on from that theory, the final exploratory analysis for this chapter 

was to assess whether there was a relationship between cost and everyday 

functioning. This hypothesis was based on previous research that has found that 

individuals with high depressive symptomatology are unable to allocate additional 

resources to perform a PM task in the presence of an ongoing task, efficiently (Li, 

2014). As indicated above, it was therefore theorised that individuals who have had 

an ABI that results in poorer everyday functioning, may find it difficult to efficiently 
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allocate resources. Therefore, response cost may be associated with poorer everyday 

functioning. For EB PM this theory was not supported, as cost was not associated 

with any everyday functioning measures. For TB PM however, the opposite was 

found to be true, and cost was associated with everyday functioning such that a 

decrease in cost was associated with a poorer everyday functioning. That is, 

participants who were quicker to respond, appeared to have better PM task accuracy, 

and this was associated with poorer everyday functioning. To determine why this 

might be the case, it was surmised that better PM performance could be occurring at 

the expense of the ongoing task. As such, a post-hoc analysis was completed, 

dividing participants into low and high cost groups. Results indicated that 

participants with a poorer everyday functioning were unable to perform both tasks 

adequately and as a result, appeared to prioritise performance on the TB PM task, at 

the expense of the ongoing task. That is, better PM performance was associated with 

poorer ongoing task accuracy. For the EB PM task, participants appeared to be 

capable of performing both tasks adequately, with little cost incurred.  

This finding was important for several reasons. First, as indicated earlier, 

significant bivariate correlations were found between TB PM performance and 

admission of effort, and concern for performing well. This suggests that participant 

test behaviour can adversely, or favourably affect performance, and this could 

potentially be related to everyday functioning. Secondly, this finding indicated that 

should a participant be unable to adequately perform more than one task 

simultaneously, they may knowingly or unknowingly sacrifice performance on a 

secondary task. In the current experimental PM task, there was little consequence 

associated with performing the ongoing task poorly, however, should a participant be 

attempting to cook a meal whilst simultaneously talking on the phone, the 



 

Chapter 3: Prospective Memory and the Prediction of Everyday Functional Outcome 166 

consequences could be far riskier. As this potentially injurious behaviour appears to 

be related to functional outcome, future research should consider first, methods of 

recognising this behaviour, and secondly, whether this behaviour is specific to 

individuals having suffered an ABI. In addition, it would be a worthy endeavour to 

explore whether the maladaptive nature of this approach could be addressed through 

rehabilitation. 

3.5.5 Limitations 

A limitation of the current study, particularly with respect to the multiple 

regression analyses was the reduced sample size. Indeed, the current sample size 

resulted in reduced power for the multiple regression analyses including 

experimental measures of PM. Post-hoc power analyses predicting self-report MPAI 

regression with TB and EB PM resulted in a power of .81 for MPAI total score, .94 

for MPAI abilities and .46 and .53 for the adjustment and abilities subscales, 

respectively (Faul, Erdfelder, Lang & Buchner, 2007). Similarly, using TB and EB 

PM to predict informant-report MPAI, resulted in power of .88 for MPAI total 

subscale, .50 for MPAI abilities, .88 for MPAI adjustment, and .67 for participation. 

Encouragingly, post-hoc power analyses for subjective measures of PM, and the self- 

and informant-report MPAI subscales ranged from .91 to .99 with the exception of 

self-report MPAI adjustment subscale, which was .80 (Faul et al., 2007). Despite 

research suggesting 10 participants per predictor is a sufficient sample for multiple 

regression analyses (Tabachnick & Fidell, 2001), the ideal power for a study is 

suggested to be .80 (Suresh & Chandrashekara, 2012).   

It is also acknowledged that there were a large number of analyses included 

in this study, which was due to the exploratory approach taken. With increasing 

analyses conducted, the possibility of false positives (type 1 errors) are increased, 
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however it should be noted that this study is the first of its kind predicting outcomes 

(particularly with respect to examining the effect of PM cost in an ABI population), 

therefore the analyses were considered an important inclusion in this study. Further 

research and replication of the current study is recommended. 

3.5.6 Summary and Conclusions 

This chapter sought to determine whether there was a relationship between 

PM and everyday functioning following ABI. Examining correlations revealed a 

relationship with event-based prospective memory and self-reported abilities. 

Furthermore, self- and informant-reported PM was found to correlate with abilities, 

adjustment following a brain injury, and participation in activities previously 

enjoyed. These relationships suggest that PM is an important ability affecting a 

variety of outcomes for individuals following a brain injury, though PM is typically 

poorly measured, if at all, following injury. Further regression analyses suggested 

that self- and informant-reported PM can predict everyday functioning over and 

above executive functions, which again points to the predictive capacity of PM 

following ABI. Finally, this chapter studied the effect of cost on everyday 

functioning, given that PM tasks typically require monitoring and coordination of 

multiple cognitive domains which is frequently lacking in ABI populations. Our 

analysis confirmed that individuals with worse daily functioning are unable to 

manage multiple tasks, and will typically prioritise one, at the expense of the second.  

Previous studies looking at PM and everyday functioning following brain 

injury, have focused on traditional analyses using PM accuracy and various everyday 

functioning measures (Pirogovsky et al., 2012; Twamley et al. 2008; Woods et al., 

2008). This study has demonstrated that despite experiencing every-day PM failures, 

participants may be able to perform an experimental PM task adequately. This is 
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particularly true if they consider the PM task as being important, or necessary for 

them to perform well. Importantly however, these participants may demonstrate a 

cost in ongoing performance, and their success on a PM task may occur at the 

expense of the ongoing task. This trade-off can potentially predict long-term 

everyday functioning, indicating a decrease in abilities, difficulty with adjustment 

following the injury, and reduced participation in daily activities. Conversely, if an 

individual can perform both tasks adequately, their predicted everyday functioning 

will likely improve.   

This research is important for several reasons. First, many responsibilities 

within daily life require the manipulation of multiple tasks, e.g. cooking, driving, 

housework and money management. If an individual is unable to perform both tasks 

adequately, this could have serious ramifications. Secondly, this could have 

implications for rehabilitation efforts, as well as compensatory strategies during 

recovery, particularly considering the evidence that participants with PM deficits 

may have difficulty with task-prioritisation. Thirdly, these findings confirm the 

importance of measuring PM in the earlier stages of recovery following a brain 

injury, given the implications of predicting everyday functioning. Predicting 

everyday functioning is an important, lengthy and complex process. It requires 

planning all aspects of a client’s life including educational/occupational functioning, 

community integration, access to short- and long-term funding, as well as 

understanding the implications of the individual’s injuries (Barker-Collo & Feigin, 

2006). Although this process is dynamic and changing, it is important to implement 

planning early to maximise opportunities for recovery.  

Given the importance of prospective memory in the prediction of everyday 

functioning, it is necessary to consider the potential to intervene in PM deficits, and 
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provide strategies to improve performance. The subsequent chapter will be exploring 

the unique utility of two interventions (Goal Management Training and 

Implementation Intentions), to improve event-based prospective memory 

performance. 
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4.1 Introduction 

As reviewed in previous chapters, prospective memory deficits have been found in 

individuals with Acquired Brain Injury (ABI), which causes difficulties in daily life (Shum et 

al., 2002). Due to the importance of prospective memory (PM) in everyday function, a 

developing literature has examined potential interventions to improve PM performance 

among both healthy individuals, and individuals with PM deficits. The aim of the study 

presented in this chapter is to evaluate the efficacy of two well-validated intervention 

techniques, Implementation Intentions (II) and Goal Management Training (GMT) to 

improve performance among individuals with Acquired Brain Injury (ABI).  

As extensively described in the previous chapter, PM has important implications 

following ABI. Specifically, event-based PM as well as self- and informant-report PM was 

found to correlate significantly with predictors such as cognitive functioning, participation in 

daily activities, and adjustment following brain injury. Event-based PM in particular was 

found to correlate significantly with total everyday functioning, as measured by the Mayo-

Portland Adaptability Inventory, a well-validated measure of outcome following brain-injury. 

This suggests that event-based PM failures can have a significant consequence on multiple 

facets of daily-life, which can lead to a worse outcome for the individual. Given these 

findings, it is likely that rehabilitation in this area would have a significant positive impact. 

While there is a developing literature evaluating the efficacy of interventions to improve PM 

in healthy older adults and some clinical populations, the implication of PM in ABI, 

specifically rehabilitation of PM in ABI has not been adequately researched.  This current 

study aimed to evaluate the efficacy of two PM interventions with the intention of improving 

event-based PM performance. Although both time- and event-based PM have equal 

importance with respect to impact of deficits, as well as implications for rehabilitation, 
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developing an intervention for both time- and event-based PM was beyond the scope of the 

current paper. As such, only event-based PM will be explored in the following chapter.  

4.2 Component Process of Prospective Memory 

Rehabilitation interventions for cognitive domains have often targeted the individual 

component processes of these more complex tasks. Component process refer to the individual 

elements that are required to successfully operate a cognitive domain. In the present case of 

PM, the component processes include a retrospective component and a prospective 

component (Martin, Kliegel & McDaniel, 2003). The retrospective component refers to the 

ability to remember the content of the action, as well as the correct time/event within which 

the action is to be performed. The prospective component refers to the more complex task 

requiring inhibition/initiation control as well as updating and monitoring to facilitate self-

initiated retrieval (McDaniel & Einstein, 1993). According to various theoretical accounts, 

the cognitive processes involved within each component of PM can be delineated (Burgess & 

Shallice, 1997). It has therefore been proposed that episodic memory (recalling previous facts 

and events) is involved in the retrospective component of PM, while the prospective 

component is posited to require the executive system in planning, rehearsing, intention and 

retrieval of the action to be performed (Costa, Carlesimo & Caltagirone, 2012). With respect 

to rehabilitation, PM interventions may therefore be particularly fruitful in improving both 

episodic verbal memory and executive functioning/monitoring of the environment. Indeed, 

strategies that focus specifically on either, or both components have shown promise in the 

literature. 

Camp, Foss, Steven’s and O’Hanlon (1996) attempted to improve the retrospective 

component of PM in individuals at varying stages of Alzheimer’s disease, using spaced 

retrieval of a PM task, displayed on a calendar. The individual was asked how they would 

remember to perform a task, and if they responded correctly (that they would check their 
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calendar), the examiner would increase the delay until the next iteration. This proved 

successful in 20 of 23 participants, 15 of whom were successfully using the calendar (Camp 

et al., 1996). Another intervention intended to target the retrospective memory component 

process of PM, is Intention Implementations (II), which addresses RM by guided rehearsal 

and use of visual imagery, and this will be one of the two areas of focus for this chapter 

(Chen et al., 2015; McFarland & Glisky, 2012).  

Rehabilitation interventions targeting the executive component of PM have largely 

focused on training individuals with ABI to apply a step-by-step, systematic approach to 

problem solving (Fish, Wilson & Manly, 2010). One of the best-known of these approaches 

is Goal Management Training (GMT). GMT encourages a mindful approach to completing 

day-to-day tasks, such that any diversion from completing the task at hand requires active 

awareness that you are off-task, acknowledging the steps to get you back on-task, and 

therefore reinstating cognitive control to return to your intended goal (Krasny-Pacini, 

Chevignard & Evans, 2014). GMT is the second intervention assessed in the present study. 

4.3 Approaches to Rehabilitation in Acquired Brain Injury 

Rehabilitation is generally categorised into either a remedial approach, stimulating 

damaged neural networks or creating new ones; or a compensatory approach, by modifying 

the environment or introducing new methods of overcoming limitations (Fish et al., 2010). 

Remedial, or restorative approaches are inclined to provide additional benefit above and 

beyond compensatory strategies. Should restoration of the underlying cognitive function 

occur, then all activities requiring this cognitive ability should also improve. An issue with 

restorative approaches was outlined in a paper by Wilson (2005) who indicated that for 

restoration of cognitive function to be possible, there must be a necessary sparing of 

sufficient cells and connections. This is a crucial step to determine whether cognitive function 

can be restored, or whether compensatory strategies must be explored. The present program 
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of research has focused on the compensatory approach, though both will be discussed below.  

Metacognitive approaches, or self-regulation interventions have been argued to be a third 

approach to rehabilitation of PM (Raskin, Williams & Aiken, 2018). These approaches 

require the use of internal strategies to facilitate self-monitoring required for PM task 

completion and will be the intervention focus for this chapter.  

4.3.1 Restorative Approaches.  

Retraining approaches focus on repeated practice of PM tasks, over increasing time 

delays with the intention of facilitating neuroplasticity. An early study which sought to 

directly improve prospective memory was conducted by Sohlberg and colleagues (1992). 

They provided a patient, who had suffered a haemorrhagic brain injury, with a series of two-

stage motor commands whilst carrying out an ongoing task. Following initial training, he was 

given a PM task to complete (e.g. taking a dish out of the oven), with increasing time 

between providing the instruction, and having the patient carry out the task (Sohlberg, White, 

Evans & Mateer, 1992). The participant reportedly increased the span of his PM from 5-10 

minutes, though this was considered an intensive training session occurring for several hours, 

3 days per week, over the course of five months. Raskin and Sohlberg (1996) further 

contributed to the literature in a similar study. A selection of individuals with ABI were given 

PM training, that required them to perform a PM task at a specified time in the future. 

Following five successful consecutive task completions, the researchers systematically 

increased the length of time between task administration and task performance by one 

minute. Results again indicated that PM span could be increased. Raskin and Sohlberg (2009) 

more recently trialled a restorative approach of PM, which was designed to increase the 

length of time individuals with ABI were able to hold an intention in mind. In addition to an 

improvement on standard neuropsychological measures, Raskin et al. (2009), also noted an 

improvement on PM abilities in daily life.   
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4.3.2 Compensatory Approaches.  

Compensatory methods are more common in clinical practice, and often incorporate 

the use of memory or executive reminders, e.g., a diary (e.g. Fleming, Shum, Strong & 

Lightbody, 2005), or electronic pager (e.g. Wilson, Emslie, Quirk & Evans, 2001) to cue the 

individual when an event is to be carried out. They can be divided into two main types; i) 

internal, where a person learns to use mental strategies to elicit improved performance and ii) 

external, where a person utilises passive or active aids.  

External aids, such as calendars, diaries or timetables rely on the individual having to 

remember to check them to cue retrieval and are hence frequently considered passive aids. 

They can therefore be problematic in clinical populations with memory deficits. Furthermore, 

there is increasing and considerable evidence that using a notebook or diary alone is 

ineffective, and that additional training and strategies (such as self-awareness and self-

regulation) is required to facilitate successful use (see Sohlberg & Matter, 2001 for a review). 

Active aides, such as pagers, mobile phones or google calendar, provide a reminder to the 

individual (e.g., a bell), with the disadvantage that they often must be pre-programmed or 

consulted regularly.  

In an early study, Kime and colleagues (1996) incorporated both a passive and active 

external aid, successfully training a patient with dense amnesia to check her diary 

systematically at the chime of a watch alarm. A paper by Wilson and colleagues (2001), 

provided additional support for the use of electronic memory aids in improving PM in 

individuals with ABI and other neurological conditions. They noted successful task 

completion of daily activities in 80% of their 143 individuals (Wilson, et al., 2001).  A 

follow-up study by Wilson et al. (2003) using NeuroPage (a paging service for use with 

individuals suffering memory deficits) demonstrated similar success. Fourty individuals with 

a variety of neurological conditions were provided with the pager system, trained, and 

encouraged in its use. The mean length of use was 12.68 months, and 31 of the 40 individuals 
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considered the pager system a success (Wilson, Scott, Evans & Emslie, 2003). Additional 

studies have examined the use of similar electronic systems that have shown success in 

improving PM functioning such as the Sony IC Recorder (Yasuda, Misu, Beckman, 

Watanabe, Ozawa & Nakamura, 2002), Yahoo calendar (O’Connell, Mateer & Kerns, 2003), 

Postie system (Kirsch, Shenton, Spril, Rowan, Simpson & Schreckenhost, 2004) and smart 

phones (Baldwin & Powell, 2015; Ferguson, Friedland & Woodberry 2015). For a 

comprehensive list of additional external compensatory devices used in the intervention of 

PM, see Raskin et al. (2018).  

While electronic devices and diaries offer a distinct advantage to individuals with 

retrospective memory deficits, it must be noted that external memory aids can be particularly 

problematic for individuals with prospective memory deficits, given that day-to-day PM 

failures can often occur with simple tasks, such as remembering to bring the washing in, after 

having made a phone call. Such tasks are unlikely to be programmed into a daily reminder as 

this could be considerably time-consuming. Additional barriers for use of electronic aids are 

device characteristics such as the interface being overly complex (Stock, Davies & Gillespie, 

2013), the expense of the device (Evald, 2015), or the intensive training required in their use 

(Wong, Sinclair, Seabrook, McKay & Ponsford, 2016; for a review of technologies and their 

use see Scherer and Federici, 2015). As such, internal memory aids often prove to be an 

additional and complimentary strategy for coping with PM deficits.  

A commonly used internal compensation technique for memory deficits in ABI is 

visual imagery. Studies using visual imagery train the individual to maintain awareness of 

their environment to facilitate cue-recognition that a response is required. In an early study 

using this technique Kaschel et al. (2002) trained nine memory-impaired individuals to 

associate a series of images with simple actions. The study demonstrated that the individuals 

were successfully able to generate images rapidly and apply them to actions they need to 

carry-out throughout the day. In a similar study, Potvin et al. (2011) trained ten individuals 
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having suffered a Traumatic Brain Injury (TBI) to create a mental representation to associate 

a cue for an intended action, with progressively more complex PM tasks. Individuals 

improved their functioning on the PM experimental task, and their significant others reported 

improvements in everyday PM functioning, suggesting generalisability of the program 

(Potvin, Rouleau, Senechal & Giguere, 2011). Several additional studies have demonstrated 

that visual imagery has excellent promise in improving PM, and thus far have also 

demonstrated generalisability (Grilli & Glisky, 2010; Grilli & McFarland, 2011; Mioni et al., 

2017). 

4.3.3 Metacognitive Approaches.  

Interventions to improve self-awareness or self-regulation, are often termed 

‘metacognitive’ rehabilitation approaches (Raskin et al., 2018). One of the best-known 

approaches considered to fall into this category, is Goal Management Training (GMT). As 

defined above, GMT is a mindful approach to completing day-to-day tasks, by following a 

step-by-step approach to achieve an intended goal (Krasny-Pacini et al., 2014). Previous 

studies have termed GMT a ‘metacognitive’ approach due to the requirement that an 

individual must become ‘self-aware’ to recognise that they are no longer on-task, and must 

actively return to the task and regain cognitive control (Raskin, et al., 2018). A ‘cue’ 

provided in the form of an SMS text, or visual target, prompts self-reflection, and a review of 

their goal-directed intentions. GMT could arguably be considered an internal compensatory 

strategy, in that it is most frequently considered to compensate for executive function deficits, 

regardless if the individual has intact self-awareness (Levine et al., 2011).  

4.4 Goal Management Training 

GMT was derived from Duncan’s (1996) theory of goal-neglect. According to 

Duncan and colleagues (1996), goal-directed behaviour depended on higher-level control of 

cognitive processes and was hence considered an executive function associated with the 
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frontal lobes. GMT was then developed by Robertson (1996) to help individuals to manage 

difficulties with goal-neglect on account of frontal-lobe lesions. It consists of five stages (see 

Figure 5.2, later in this chapter) and encourages the individual to break-down and organise 

complex steps associated with daily activities, in a goal-directed manner (Levine et al., 2000). 

While GMT is often used in healthy and clinical populations to improve executive 

dysfunction (e.g. See Krasny-Paccini, Chevignard & Evans, 2014 for a review), only two 

studies have thus far examined the application of GMT with the intent of specifically 

improving PM in individuals with Acquired Brain Injury (Fish et al., 2007; Sweeney, Kersel, 

Morris, Manly & Evans, 2010).  

Fish et al., (2007) required participants with ABI (14 participants with TBI, 4 stroke, 1 

subarachnoid haemorrhage, 1 hypoxic injury), to telephone the experimenters at four specified 

times each day, for a 3-week period. At the end of the first week, participants were trained, 

for 30 minutes, on a brief form of GMT. The training session first provided participants with 

an explanation of PM, including common prospective memory failures, and strategies to 

avoid a PM failure (such as referring to a ‘mental blackboard’ to consider current goals and 

plans). Participants were then asked to engage in an ‘executive review’ strategy (e.g. 

checking on their current goals), whenever they received a text message reading “STOP”. 

Once this text was received, participants were instructed to ask themselves a series of 

questions – what am I doing? What else have I got to do and when? etc. Participants were 

instructed to include the ongoing telephone task in their executive review of daily activities, 

and were provided with a leaflet based upon the content of the training session. They were 

also instructed to continue making telephone calls, as in the previous week. When 

participants were provided with the content-free cue (“STOP” text message), their PM 

performance significantly improved, with participants making 87% of target calls on cued 

days, and 71% of calls on uncued days (Fish et al, 2007).  
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In a study by Sweeney et al., (2010), participants were provided with a virtual-reality 

PM task, performed on a computer. Participants were told that they were a removalist and the 

task required them to move around a virtual image of a house, selecting furniture for removal. 

The furniture had to be collected in a specific order, determined by a given category (e.g. 

kitchen, study, lounge), and the participant had to ensure that all furniture was collected. The 

time-based PM component required the participant to remember to visit the front-door every 

5 minutes, to check on the arrival of the furniture van. The event-based PM task required the 

participant to remember to place a ‘fragile’ sticker on any item of furniture that contained 

glass, rather than select it to be loaded into the van. The brief GMT intervention was provided 

in the form of an auditory ‘bleep’, played on a CD. Participants were informed that the 

‘bleep’ should be useful in reminding the participant to “think about what (they) are currently 

doing and overall aims, goals and rules of the session” (Sweeney et al., 2010, pp. 250). In this 

study, the adapted GMT intervention did not improve PM performance. The researchers 

concluded that their virtual task may have lacked sensitivity in identifying individuals with 

executive dysfunction or PM deficits, and hence they may have inadvertently included 

several participants who did not have a difficulty in this area.  They additionally considered 

the possibility that a computer-based task may have been difficult for some participants to 

complete, and they may have required a more extensive training procedure (Sweeney et al., 

2010).  

A recent study by Fine et al., (under review), utilised a PM task, with GMT 

intervention identical to the current study, in a group of 157 community-dwelling older 

adults. They found that PM performance improved, but only in participants with poorer 

baseline PM (Fine et al., under review).  In addition to the GMT intervention, Fine and 

colleagues also examined the efficacy of a second intervention, Implementation Intentions 

(II), with respect to its ability to improve PM task performance and determined that II did 
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indeed improve performance in older adults. This second intervention was also used in the 

current study.  

The promise for GMT in improving PM functioning is apparent, though it has been 

little studied in individuals with brain injury, and the results are inconsistent. As described 

above, both Fish et al., (2007) and Sweeney et al (2010) have limitations in their 

methodology that prevent a sound understanding of the unique benefit of GMT with respect 

to other interventions.   

4.5 Implementation Intentions 

Implementation Intentions (II) is another strategy that has been used to assist in the 

carrying out of future goals and strengthen the memory trace to improve the execution of the 

intention (Gollwitzer, 1993). Gollwitzer & Sheeran (2006), proposed that successful goal 

attainment is directly related to strength of the intention to achieve that goal, as well as their 

proposed plan of action in the form of an if-then strategy (“If situation Y occurs, then I will 

accomplish goal-directed behaviour Z”). II effectively strengthens the cue-association during 

the encoding phase, thereby removing the reliance upon effortful remembering ordinarily 

required by goal intentions (Chasteen, Park & Schwarz, 2001). II should increase the 

likelihood that a goal is achieved, by enhancing and strengthening the individual’s ability to 

initiate and maintain a plan, disengage from current activities, and carry-out the required goal 

(Gollwitzer & Sheeran, 2006). Some II studies have utilised techniques such as verbal 

repetitions (‘if-then’ statements) to strengthen the associative link, and retrospective memory 

trace (McFarland & Glisky, 2012), while others have combined the target-response with the 

use of visual imagery (Chasteen et al., 2001; McDaniel, Howard & Butler, 2008; McDaniel & 

Scullin, 2010).  

Although both II and GMT can be considered to intervene with respect to goal-

intention, the strategies differ in the component processes of PM that they are posited to 
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support. As previously indicated both earlier in this chapter and in chapter 1, PM has been 

closely linked to executive functions particularly with respect to planning, rehearsing, 

intention and retrieval (McDaniel & Einstein, 1993). GMT with content-free-cueing, has been 

theorised to intervene with PM at the executive level, by providing a strategy that promotes 

planning (goal-formation), rehearsal (rehearsing steps towards goal-enactment), retrieval 

(what am I supposed to be doing) and intention (am I on track and fulfilling my goal), as well 

as disengaging and switching to the goal-directed task (Levine, et al., 2011). Conversely, II is 

posited to support two aspects of PM component processes – executive functions and 

retrospective memory. II assists with the retrospective memory component of PM by binding 

the intention to the cue with rehearsal and visualisation (McDaniel & Scullin, 2010), and the 

executive component via encouraging active monitoring of the environment (Gollwitzer & 

Sheeran, 2006). In particular, including visual imagery in II interventions has been 

particularly useful in improving retrospective memory, whereby individuals are trained to 

improve their visual imagery skills, and then tested on their ability to retrieve increasingly 

complex visual and verbal information, which is later applied to daily life situations (Raskin 

& Sohlberg, 1996; Sohlberg & Mateer, 2001). This improves the retrospective component of 

PM, as using visual imagery should improve the capacity to remember the intentions, as well 

as enable better recognition of appropriate retrieval contexts to identify a specific PM cue, 

and induce automatic recall of the intention (McDaniel & Einstein, 2007). This is particularly 

useful in event-based PM, which are typically easier to visualise (Potvin at al., 2011). Event-

based PM is the focus of the current chapter.  

II has been found to be successful in improving PM in healthy (Zimmermann & 

Meier, 2010) and clinical populations (see Toli, Webb & Hardy, 2016 for a review). II has 

been less-well studied in ABI, and has sought to improve goal-directed activity (Hart & 

Vaccaro, 2017) or executive functions (Brandstatter, Lengfelder & Gollwitzer, 2001), rather 

than examine the effectiveness of II specifically targeting PM. Hart and Vaccaro (2017) 
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examined the success of II in a group of four individuals with moderate/severe TBI. 

Participants were assisted to create personalised ‘if-then’ associations in accordance with 

future goals. They were then provided with an individualised text message cue at time 

periods designated by the participant, in the form of their ‘if-then’ strategy, to ensure they 

were on-track to attaining their goal. Results suggested that II, delivered in the form of text-

message reminders was successful at assisting participants to achieve their goals (Hart & 

Vaccaro, 2017). An additional study examined the effect of II in improving PM in ABI 

(Mioni, Rendell, Terrett, & Stablum, 2015). Participants were instructed to form an II 

statement specific to the PM task, and were asked to repeat the statement 3 times, without 

visual representation (e.g. “when I wake up, I will take my medication”). The strategy was 

not shown to improve PM performance (Mioni et al., 2015). Fine and colleagues, as 

discussed above, utilised both GMT and II interventions in their study with older adults. II 

with visualisation, was found to improve PM performance. An additional unpublished study 

by Li et al., (2014) utilised a similar II intervention as the current study, again examining the 

effect of II with visualisation, in improving PM performance in individuals with low or high 

depressive symptomatology. II was found to significantly improve PM performance in both 

experimental groups, concluding that II can be an effective intervention strategy (Li et al., 

2014).  

In summary, the literature regarding the efficacy of II and GMT is mixed, and to this 

authors knowledge, no previous papers have compared the independent benefits of both 

interventions. The important next step, then, is to assess the unique benefit of GMT and II 

with respect to improving PM. 

4.6 Current Study 

Due to the limited literature exploring the effectiveness of GMT and II to improve PM 

in ABI populations, the current chapter examined the efficacy of both interventions in 
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comparison to a control group, in a between-subjects design. As with previous research, 

participants within our study underwent structured GMT training, which had been 

successfully piloted in several unpublished studies looking at GMT in older adults (Fine et 

al., under review), and undergraduate students (Li et al., 2014). Despite Fine and colleagues’ 

findings that older adults demonstrated difficulty understanding the instructions provided in 

the GMT task, data for the current study was collected concurrently with Fine et al.’s study 

and therefore we were unable to change the current procedures.  

In the current study, GMT was used with content-free-cueing, to enhance its 

effectiveness. Content-free-cueing prompts the recall and rehearsal of steps related to goal-

attainment, by providing intermittent cues (Fish et al., 2007). These cues are often in the form 

of text-message alerts (“STOP”), or visual/auditory prompts (Fish et al., 2007). In the current 

task, participants were provided with a visual “STOP” sign, to alert the participant to stop and 

check whether they were on track to goal-attainment.  

Our II intervention combined the verbal if-then strategy and visual imagery 

component to strengthen the associative link. Furthermore, visual imagery is useful in 

improving event-based PM. As such, this study assessed the utility of two interventions in 

improving event-based PM performance.  

As with study 2, PM was assessed using a well-validated Einstein and McDaniel-

based experimental paradigm, that included a baseline measure of EB PM performance, 

followed by an intervention, then a post-intervention PM task. For the current study, we first 

hypothesized that II would predict significantly better post-intervention performance on our 

PM measure than no intervention, and that GMT would similarly predict significantly better 

performance on post-intervention accuracy, in comparison to no intervention. Study 2 also 

examined the effect of cost on task performance. It was hypothesized then in the current 

study, that participants in the active intervention conditions would display an increase in 

reaction time in responding to the ongoing task, reflecting higher cost associated with efforts 
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to improve performance on the PM task. This should coincide with an increase in PM task 

performance. Finally, given that the literature is limited, and results are varied with respect to 

using both GMT and II to improve PM, we also explored ongoing task accuracy separate 

from PM task accuracy.  

4.7 Method 

4.7.1 Participants 

Participants (N = 72) were recruited from a local hospital and a residential care centre 

in Western Australia (43 men and 29 women aged 18-70, see Table 4.1). The participants 

included for this study were the same as those included in study 2 and specific demographic 

information regarding the sample has been described in chapter 3. As indicated, participants 

were included in the study based on the following criteria, 1) an acquired or traumatic brain 

injury that required presentation to hospital, 2) within 24 months since injury, 3) aged 18 to 

70 years, 4) able to participate in 4 hours of cognitive testing (e.g. not significantly aphasic) 

and 5) be able to provide consent.  After being screened for their eligibility by allied health 

(occupational therapy, neuropsychology or rehabilitating physician), participants were invited 

to attend a testing session. Ethical approval was obtained for this research from the Human 

Research Ethics Office at the University of Western Australia and the North Metropolitan 

Health Service in Perth.  

As can be seen in study 2, Table 3.1, participants varied in their aetiology and injury 

severity, which was assessed using the Glasgow Coma Scale (GCS) or length of Post 

Traumatic Amnesia (PTA) first obtained during the relevant admission (usually in the 

Emergency Department) (if the participant had experienced a Traumatic Brain Injury). In the 

case of stroke or other non-traumatic ABI, injury severity was often recorded on the 

discharge summary provided at time of injury, as determined by a medical specialist. In the 

absence of this information, injury severity was additionally considered by clinicians CP and 
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MW, based on their extensive clinical experience in the field.  Severity of injury was 

classified in the same method as in study 2 and outlined in Table 4.1.
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Table 4.1 

Descriptive Statistics for study sample (N =62).  

    Full Sample (N = 62) No Intervention (N = 20) II Condition (N = 23) GMT Condition (N = 19) 

Variable   Range M (SD)  N (%) M (SD)  N (%) M (SD)  N (%) M (SD)  N (%) 

Age (years)  18-70 43 (15.00) - 43 (16.89) - 42 (12.42) - 45 (16.27) - 

Education (years)  9-20 13.96 (2.92) - 14.43 (3.10) - 12.83 (2.57) - 14.84 (2.84) - 

Sex (% male)  - - 37 (59.7) - 14 (70.0) - 11 (47.8) - 12 (63.1) 

Time since Injury (days) 77-731 
300.23 

(178.12) 
- 

330.35 

(158.37) 
- 

285.70 

(170.50) 
- 

286.10 

(209.80) 
- 

Chronic medical condition  - - 33 (53.2) - 10 (50.0) - 13 (56.5) - 10 (52.63) 

Mechanism of injury 

         Traumatic Brain Injury - - 23 (37.1) - 7 (35.0) - 11 (47.8) - 5 (26.4) 

Cerebrovascular Accident - - 22 (35.5) - 6 (30.0) - 7 (30.4) - 9 (47.4) 

Infection - - 5 (8.1) - 4 (20.0) - 1 (4.3) - 0 

Tumour Resection - - 6 (9.7) - 1 (5.0) - 2 (8.7) - 3 (15.8) 

Hypoxia - - 4 (6.5) - 1 (5.0) - 2 (8.7) - 1 (5.3) 

Other  - - 2 (3.2) - 1 (5.0) - 0 - 1 (5.3) 

Secondary Injury - - 14 (22.6) - 2 (10.0) - 6 (26.1) - 6 (31.6) 

Overall injury severity 

         Mild - - 7 (11.3) - 3 (15.0) - 2 (8.7) - 2 (10.5) 

Moderate - - 19 (30.6) - 4 (20.0) - 9 (39.1) - 6 (31.6) 

Severe - - 18 (29.0) - 10 (50.0) - 6 (26.1) - 2 (10.5) 

Very Severe - - 18 (29.0) - 3 (15.0) - 6 (26.1) - 9 (47.4) 
Note. II = Implementation Intentions; GMT = Goal Management Training 
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4.7.2 Procedure 

Participants completed testing at the residential care facility, the University of 

Western Australia Robin Winkler Clinic, or a home-visit was organised if deemed 

appropriate. Participants were presented with an information sheet and consent to 

participate. Participants also provided consent for examiners to contact a nominated 

study partner and case officer to obtain additional information about their injury. 

The procedures for this study followed very similar methods to study 2 and 

will not be repeated in detail here. In brief however, the test battery was designed to 

be given in four blocks, taking approximately 4 hours. The session was performed in 

one session, or two, 2-hour sessions depending on availability or ability to complete 

the battery. The battery commenced with block 1, and ended with block 4, with 

blocks 2 and 3 counterbalanced with odd/even numbered participants. Figure 4.1 

(study 2) provides information regarding the order of the neuropsychological tests.  

The general experimental design for the PM task, was described in study 2, 

and is similar to that of Kliegel et al., (2001), embedding a PM task within an 

ongoing lexical decision-making (word or non-word) task. For this study, only the 

event-based PM task was required, as it included the interventions necessary for a 

comparative analysis. The event-based PM task occurred in block 2, after the time-

based PM task, at which point participants were familiar with the lexical decision 

task (LDT) utilised as the ongoing task. Participants were informed that they would 

be completing a task that tested their ability to switch between a computer task, and a 

series of math problems (distractor task). The participant was then introduced to the 

lexical decision task (LDT), and informed that this is similar to the task they 

previously performed. The participant was then given 10 practice trials, before 

proceeding to the first block (baseline ongoing task). Following a 30 second break, 
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participants were given instructions for the next PM task (block 2), and then 

provided with the math problems (distractor task) to diminish their capacity for 

rehearsal. Following the 3-minute distractor task, participants completed block 2. 

Upon completion of block 2, participants were given instructions for the final 

intervention block (block 3). Participants were randomly assigned to one of three 

groups; no intervention, implementation intentions (II) or goal management training 

(GMT). Following the instructions, participants completed another distractor task, 

and then proceeded to complete block 3. A flowchart of the task blocks has been 

provided in Figure 4.1.  
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Figure 4.1 

Flow-chart for EB PM Task  
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Note. Flow-chart indicating the allocation of participants to each condition (no 

intervention, Goal Management Training, Implementation Intentions) for the event-

based PM task. 

4.7.3 Prospective Memory Measures 

The PM, ongoing and distractor tasks were identical to the event-based PM 

task described in study 2. However, participants were randomly assigned to 1 of 3 

intervention groups – GMT, II and no intervention, as described below. 

4.7.4 Goal Management Training with Content-Free Cueing 

For participants in the PM GMT group, following block 2 (PM task only), 

participants were informed that they would be required to remember to perform an 

action in the future, which would require them to press the ‘X’ key, and not the “yes” 

key, when they see a word which represents a fruit/or animal (the determination of 

whether the words were a fruit/animal was counterbalanced with even/odd numbered 

participants in block 2, and then swapped in block 3). In addition to this, the 

participant was informed that we would provide them with a series of problem-

solving strategies, involving 5 steps, to assist with the task. The strategy provided 

was similar to that from Levine et al., (2000), and identical to the task performed in 

Li et al., and Fine et al.  

To illustrate the five stages of GMT, participants were given a flow chart of 

the five steps involved: Stop, Define, List Learn and Check (see Figure 4.2). The 

experimenter elaborated each step with the participant, giving verbal definitions and 

concrete examples (e.g. “DEFINE. So for the current task, you would define the 

main activity as ‘make the word-non-word judgements as well as remember to press 

the X key when needed”). Illustrated activities and examples unrelated to the current 

task, could be provided if the participant required (e.g. If you are watching TV and 

you remember that you need to go to the physio, the first step ‘STOP’ should enable 
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you to check for a moment and ensure you are on-task). Refer to Appendix 5.A for 

the entire script. During the PM task, a stop sign would appear on the screen with 

each of the 5 steps listed beneath. This would remain on the screen for 15 seconds, 

and participants were instructed to use this time to ensure they were still on task and 

review all five steps for the duration of the STOP sign. This procedure also included 

a content-free cueing procedure similar to that used in Fish et al., (2007). The STOP 

sign appeared on trials 50, 100 and 150 of the LDT task. To ensure understanding of 

the five steps of GMT, participants had to correctly answer five multiple-choice 

questions about the GMT intervention before proceeding and were given multiple 

practice answers. That is, participants proceeded to the subsequent trials, only if they 

provided correct response on all GMT questions.  

As in the previous conditions, following the GMT instructions, participants 

performed another 3-minutes of math problems prior to commencing the final block 

of LD task, with the embedded PM task. Following the distractor task, participants 

were provided with a reminder of the PM instructions again.  
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Figure 4.2 Five stages of Goal Management Training 

 

 

Note. Adapted from Levine et a. (2000), this flowchart is provided to participants 

assigned to the Goal Management Training condition in the EB PM task. The stages 

are described in detail, after which a quiz is provided to participants to check their 

understanding.  
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4.7.5 Implementation Intentions Training 

For participants in the PM II group, following the PM instructions that 

preceded the final block, they were informed that a STOP sign would appear 

occasionally during the upcoming trial for 15 seconds, and they were instructed to 

ignore the stop sign, and wait for the task to continue. Following this, participants 

were told that they would be given a strategy to help them remember. As with 

previous studies (McDaniel et al., 2008; McDaniel & Scullin, 2010), the 

implementation intention instructions incorporated a visualisation component, in 

addition to the ‘if-then’ instruction. Participants were informed, “now, please take a 

few moments to imagine yourself responding to a word representing [a FRUIT / an 

ANIMAL]. Please visualize yourself making a word-nonword judgment when seeing 

[a FRUIT / an ANIMAL] word. Then imagine yourself pressing the “X” key in 

response to seeing this word. Take a few moments, close your eyes, and imagine 

seeing [a FRUIT / an ANIMAL] word after which you will press the “X” key. Press 

any key to practice the above exercise for 30 seconds.” 

After taking a few moments to visualise this (30s), they were instructed to 

repeat back to the experimenter three times, “when I see a fruit/animal word, I will 

press the X key”. Once the instructions were completed, participants proceeded to the 

second set of math problems for 3 minutes prior to proceeding to the final block of 

LDT, with the embedded PM task. As with the GMT group, participants were not 

reminded of the PM instructions again following the distractor task.  

4.7.6 No Intervention 

For the participants in the no intervention group, they initially performed 

block 2 (PM task only), before proceeding to block 3. As with the other groups, 

block 3 was identical to block 2, except that the participant was requested the press 
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the “X” key, rather than the YES key, if the word represented a fruit/animal, which 

was the alternative target word to block 2.  

 As with the implementation intentions group, as the participant was not part 

of the GMT intervention group (i.e. in the no-intervention, or II group), they were 

instructed to ignore the stop sign, which would appear occasionally for 15 seconds, 

and wait for the LDT to continue.  

Blocks 2 and 3 were compared to assess the effects of the intervention group 

on PM, by calculating the proportion of correct responses to PM cues. Block 1 

served as a baseline measure of LDT accuracy.  

4.7.7 Background Neuropsychological Measures and Questionnaires 

As outlined in study 2, participants were given a range of neuropsychological 

measures as part of the test battery, aimed at assessing current and pre-morbid 

intellectual ability, memory, attention, executive function, processing speed, and 

language. Neuropsychological tests administered and the domains they represent 

were described in study 2 (Table 3.2). Participants and their elected study partners 

were also given a series of questionnaires to complete, assessing a variety of clinical 

factors. For this particular study, no other neuropsychological tests, or questionnaire 

measures were required for the analysis.  

4.8 Results 

As with study 2, the sample-sizes available for each analysis differed from 

the total sample (N = 72), as some participants were unable or unwilling to complete 

the PM tasks, or an error during testing prevented accurate interpretation of the data. 

Additional descriptive statistics for the main variables are presented in Table 4.2. As 

reported in this sample in chapter 3, individuals that did not complete the PM tasks 

did not differ on demographic, injury or other relevant variables.  
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Table 4.2 

Task descriptive statistics.  

  

No Intervention 

(N = 20) 

II Condition 

(N = 23) 

GMT Condition 

(N = 19) 

Variable M (SD) M (SD) M (SD) 

Baseline 

   LD Task Accuracy 

(% correct) 97.75 (6.32) 90.61 (18.87) 93.16 (14.08) 

RT 754.03 (228.10) 862.80 (282.45) 778.46 (237.57) 

Pre-Intervention 

   LD Task Accuracy 

(% correct) 90.90 (11.88) 87.11 (19.82) 90.29 (15.43) 

RT 844.66 (208.98) 937.09 (234.39) 862.23 (201.10) 

PM Task Accuracy 

(% correct) 73.13 (27.89) 72.28 (.28) 82.89 (25.42) 

Post-Intervention 

   LD Task Accuracy 

(% correct) 88.18 (22.26) 88.83 (15.13) 92.67 (12.57) 

RT 879.02 (286.96) 920.11 (221.79) 871.05 (181.47) 

PM Task Accuracy 

(% correct) 68.13 (31.28) 70.11 (.25) 76.97 (29.54) 
Note. II = Implementation Intentions; GMT = Goal Management Training; LD = Lexical Decision; 

RT = Reaction Time; PM = Prospective Memory 

 

A one-way analysis of variance (ANOVA) was used to compare the no 

intervention and both intervention groups on demographic characteristics, baseline 

ongoing task performance (accuracy and reaction time), and pre-intervention PM 

task performance (accuracy and reaction times). The sample characteristics are 

presented in Table 4.1. No significant differences between baseline and intervention 

groups in age and gender were identified. There was a significant intervention group 

difference in demographics. Patients who were in the GMT group had significantly 

higher education levels than those in the II group, F (1,41) = 5.82, p = .021, mean 

difference 1.99 years. No statistically significant differences were identified for 

reaction time or accuracy across groups for the baseline ongoing task, or pre-

intervention PM group. 
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4.8.1 PM Accuracy 

To assess Hypothesis 1, a 2 (PM block: Pre-intervention, Post-intervention) x 

3 (group: no intervention, PM II, PM GMT) mixed ANOVA was performed on the 

PM accuracy (see Table 4.2 for group means). The assumption of homogeneity of 

covariance matrices was satisfied (Box’s M = 2.91, F = .46, p = .838). Exploration of 

residual scatterplots indicated a negatively skewed distribution across all three 

intervention groups for PM accuracy. However, it was still considered acceptable 

according to the guidelines of Gignac (2019).  

As can be seen in Figure 4.3, there was no significant main effect of PM 

block, F (1, 59) = 1.15, p = .289 ηp
2
 = .02, no significant main effect group, F (1,59) 

= 1.03, p = .363 ηp
2
 = .03, and no significant interaction between intervention type 

and PM block F (2, 59) = .08, p = .923, ηp
2
 = .00.

7
  

  
Figure 4.3 PM accuracy rate for intervention and no intervention group pre and post 

intervention.  

                                                 

 
7
 Note that an additional 2x3 mixed ANCOVA was performed controlling for years of education. No 

significant main effect of block, no significant interaction between intervention type was found. 

Results are displayed in supplemental materials Table S1. 
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4.8.2 Cost 

To assess Hypothesis 2, analyses of LD response time (RT) were performed 

to determine whether cost associated with performing the PM task was significantly 

different across groups, and to determine whether a significant amount of cost was 

involved to implement an intervention. RT’s were calculated based on word trials 

only (Loft, Kearney & Remington, 2008), and excluded PM target trials. A 3 (PM 

block: baseline, pre-intervention, post-intervention) x 3 (group: no intervention, PM 

II, PM GMT) mixed ANOVA was performed. There was one less participant 

included in this analysis, as that participant had only responded to the target words. 

That participant was from the no intervention group. For this analysis, the 

assumptions of sphericity (X
2
(2) = 3.11, p = .210), and homogeneity of covariance 

matrices (Box’s M = 18.14, F = 1.39, p = .159), were met  

There was a significant main effect of block, F (2, 116) = 28.38, p < .001, ηp
2
 

= .33, with significantly slower RT from the PM only block (block 2: M = 840.18, 

SD = 211.15) than baseline (block 1: M = 750.22, SD = 225.95), and significantly 

slower RT from the post-intervention block (block 3: M = 843.84, SD = 200.79) than 

baseline. There was no significant difference in RT from block 2 (PM only) to block 

3 (PM trial, post-intervention). Furthermore, there was no significant interaction 

between intervention group and block, F (4, 116) = 1.24, p < .001, ηp
2
 = .30. See 

Figure 4.4.  
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Figure 4.4 Mean lexical decision response times for word trials for implementation 

intentions, goal management training and no intervention groups at baseline, pre and 

post intervention. 

 

4.8.3 Lexical Decision Task Performance 

A 3 (PM block: baseline, pre-intervention, post-intervention) x 3 (group: no 

intervention, PM II, PM GMT) mixed ANOVA was performed on Lexical Decision 

(LD) ongoing task accuracy. For this analysis, the assumption of homogeneity of 

covariance matrices was violated (Box’s M = 101.46, F = 7.82, p < .001), as was the 

assumption of sphericity (X
2
(2) = 6.25, p = .044). Therefore, degrees of freedom were 

corrected using Huynh-Feldt estimates of sphericity (ɛ = .97), and the p-value for the 

following analysis was interpreted cautiously. 

Again, there was no main effect of PM block F (1.93, 114.02) = 2.05, p = 

.136, ηp
2
 = .03, no main effect group F (1, 59) = .32, p = .727, ηp

2
 = .01 and no 

interaction between PM block and group, F (3.87, 114.02) = .59, p = .665, ηp
2
 = .02. 

See Figure 4.5. 

700

750

800

850

900

Baseline Pre Post

R
ea

ct
io

n
 T

im
e 

(m
s)

 

No Intervention

II

GMT



 

Chapter 4: Investigating Prospective Memory Interventions 208 

 
Figure 4.5 LD task accuracy for intervention and no intervention group at baseline, 

pre and post intervention. 

 

4.8.4 Relationship between Ongoing Task Performance and PM 

Accuracy 

To examine the relationship between ongoing task performance and PM 

accuracy, LD word response times were correlated with PM accuracy, for the three 

groups; no intervention, II and GMT. For the no intervention condition, there was no 

significant correlation found between LD word RT and PM accuracy in either block 

2 (r = -.22, p = .362) or block 3 (r = -.03, p = .904). For those in the II group, pre-

intervention PM accuracy was significantly correlated with LD word RT (r = -.48, p 

= .022) suggesting that as response times decreased, accuracy increased. However, 

following the II intervention, PM accuracy was not correlated with LD word RT (r = 

-.16, p = .467). For those in the GMT group, LD word response times were not 

significantly related to PM accuracy either pre-intervention (r = .09, p = .729) or 

post-intervention (r = -.40, p = .091). 
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4.8.5 Post-Hoc Analyses 

 In previous research by Fine et al., (under review) post-hoc analyses were 

conducted, to explain the non-significant effects of intervention on PM performance 

in a sample of older adults. Fine et al.’s results revealed that participants with 

relatively poor baseline PM performance experienced a significant increase in PM 

performance following II. This suggested that the effect of II on post-intervention 

PM accuracy, relative to no-intervention, was moderated by pre-intervention PM 

accuracy (Fine at al., under review). Given our similar findings suggesting that 

intervention did not affect PM performance, it was considered whether the effects of 

intervention may be more apparent with participants who had poorer baseline PM. 

As with Fine et al., Conditional Process Analysis for SPSS Version 3.4 (Hayes, 

2013) was used to assess the potentially moderating role of baseline PM accuracy on 

post-intervention PM accuracy. Given the significant difference in level of education 

among intervention groups, education was included as a covariate in this analysis.  

 As shown in Table 4.3, pre-intervention PM accuracy was not a significant 

moderator of the effect of GMT on post-intervention PM accuracy relative to the no 

intervention, or II conditions. Similarly, pre-intervention PM accuracy was not a 

significant moderator of the effect of II on post-intervention PM accuracy relative to 

no intervention.   
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Table 4.3 

Moderated regression models predicting post-intervention PM accuracy with 

intervention condition, moderated by pre-intervention PM accuracy.  

Model 

number 

Predictor Overall 

model R
2
 

Interaction effect 

R
2 
Change (sig.) 

Unstandardized 

coefficient 

CI Sig. 

1. N = 39 Intervention Condition   .07 -.24, .38 .646 

 (GMT = 1, No intervention = 0) .14 .00 (.775)    

 Pre-intervention PM Accuracy   .31 -.50, 1.11 .446 

 Interaction effect   -.05 -.43, .32 .775 

2. N = 43 Intervention Condition   -.11 -.56, .34 .628 

 (II = 1, No intervention = 0) .25 .01 (.399)    

 Pre-intervention PM Accuracy   -.02 -.98, .94 .964 

 Interaction effect   .25 -.34, .84 .399 

3. N = 42 Intervention Condition   .23 -.29, .76 .367 

 (GMT = 1, II = 0) .20 .02 (.329)    

 Pre-intervention PM Accuracy   1.10 -.47, 2.67 .165 

 Interaction effect   -.31 -.96, .33 .329 

Note. CI; Confidence Intervals (bootstrapped 5000 samples). PM; Prospective Memory. GMT; Goal Management 

Training. II; Implementation Intentions. Interaction effect is Intervention Condition x Pre-Intervention PM 

accuracy. 

 

4.9 Discussion 

The aim of the current study was to examine the efficacy of Implementation 

Intentions (II) and Goal Management Training (GMT) to improve prospective 

memory deficits in individuals with ABI. We first hypothesized that II would predict 

significantly better post-intervention performance on our PM measure than no 

intervention, and that GMT would similarly predict significantly better performance 

on post-intervention accuracy, in comparison to no intervention. We also 

hypothesized, that participants in the active intervention conditions would display an 

increase in reaction time in responding to the ongoing task, reflecting higher cost. 

Finally, we explored the effect of intervention on ongoing task accuracy.  

With respect to the first prediction, the study did not find a difference in PM 

accuracy prior to and following the intervention– that is no improvement in PM 
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accuracy was found in the intervention groups. This was true for both II and GMT, as 

well as the no-intervention condition. There could be several reasons for this result.  

A study by Mioni et al, (2015) sought to improve PM using II in individuals 

with ABI, without visualisation. They found that participants did not improve their 

PM performance on either event- or time-based PM tasks using II. In the present 

study, a visualisation component was added to address this limitation and contribute 

to the literature, however, II remained ineffective. Given that II is expected to 

improve performance at the encoding stage, Mioni et al (2015) postulated that in 

brain injury, deficits may be occurring at the retrieval phase, rather than merely the 

encoding phase. If this were the case, regardless of attempts being made to improve 

their performance using II, participants may still be unable to retrieve the correct 

response at the appropriate time due to retrieval deficits. In addition to retrieval 

deficits, participants with ABI frequently demonstrate marked executive function 

deficits (Rohling, Faust, Beverly, & Demakis, 2009; Kennedy et al., 2008). In 

examining the correlations between executive functions and post-intervention EB 

PM performance in this current study, significant correlations were found with a task 

of switching (Trail Making Test B; r = .29, p = .02), inhibition (D’KEFS Colour-

Word Interference test; r = .29, p = .02) and working memory (Digit Span 

Sequencing; r = .33, p = .01). This suggested that individuals who were experiencing 

PM deficits were also displaying deficits in EF post-intervention. Given that II is 

postulated to improve retrospective memory deficits rather than EF, using II as a 

brief intervention strategy may not have been sufficient to improve PM in a group of 

participants with executive function difficulties.  

A previous unpublished study by Fine et al, (under review) used GMT in 

older adults to improve their PM in a similar, single-session intervention. In their 
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study, there was a component in their procedure that required the researchers to make 

an assessment of the participants understanding of the GMT instructions. As such, 

although they were unable to conclude that GMT improved PM, they found that 

some participants receiving GMT experienced confusion during intervention 

delivery, suggesting that GMT may have hindered their performance. When they 

controlled for those participants, there was some evidence for GMT’s efficacy (Fine 

et al., under review). Unfortunately, in this current study, we did not follow the same 

procedure, and we were unable to account for those participants who may have found 

the instructions confusing. However, every participant within the GMT condition 

was given a quiz to assess their understanding prior to commencing the PM task. If 

any answers were incorrect, time was spent talking through the error to ensure better 

understanding. Despite being able to respond adequately to the quiz, participants may 

still have been unable to implement the intervention to assist their performance, if 

they found the intervention to be cumbersome. Fine et al., also used II to improve 

PM performance and found that individuals who had poorer baseline PM improved 

significantly following II. Unfortunately, the same was not found in this study, which 

again could be explained by the additional EF deficits experienced by our current 

sample.  

A second possibility for the non-significant finding with GMT, is that the 

time spent training participants on GMT principles may have been inadequate. A 

previous study that successfully used GMT as an intervention with PM, trained 

participants in a ‘brief’ session of 30 minutes, which included an explanation of PM 

and how the GMT strategy would be used to improve their PM performance (Fish et 

al., 2007). The strategy was then put into practice over the course of 2 weeks, in an 

‘executive review’ prior to the PM trial, which was to make a series of phone calls 
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over the next 10 working days. Participants were also sent home with information 

regarding the GMT training to refer to over the subsequent weeks (Fish et al., 2007). 

Other studies utilising GMT to improve executive functioning have found success 

using far more extensive training sessions (e.g. 12x3-hour weekly sessions of GMT, 

Levine et al., 2007; 4+ weeks of combined GMT training, Pachalska, Talar, 

Baranowski & MacQueen 2000). Furthermore, a review of studies utilising GMT in 

brain-injured populations has suggested that GMT has shown greater effectiveness 

when combined with at least one other intervention approach (see Krasny-Pacini, 

Chevignard & Evans, 2013). The GMT intervention in this current study was 

designed to be a single ‘dose’ training, which has been successfully piloted with 

young adults (Li, 2014), however, it is possible that the training was insufficient 

given that we were working with a population of individuals with ABI. Furthermore, 

it is possible that participants with severe to very severe injuries had difficulty 

comprehending the instructions and therefore were unable to benefit from 

rehabilitation. In the current study, we explored the effects of intervention on minor, 

moderate, severe and very severe ABI with no significant results, however the small 

resulting sample sizes likely lacked power to detect significance. It is also noted that 

our sample was not very impaired on EB PM performance, and the ramifications of 

this will be outlined below.  

Event-based tasks may also be less sensitive to brain injury-related PM 

deficits than time-based PM tasks, and hence EB PM deficits may not be severe 

enough to warrant intervention. Several previous studies have suggested that 

individuals with brain injury have more difficulty with time- than event-based tasks, 

primarily due to the additional demands required for successful time-based PM 

performance (Groot, Wilson, Evans, & Watson, 2002; Troyer & Murphy, 2007; 
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Shum, Valentine & Cutmore, 1999). This view is supported in a study conducted by 

Groot et al., (2002) who looked at PM performance in a group of 36 individuals with 

brain injury. They found that time-based PM placed higher demands on inhibitory 

control mechanisms, and hence led to worse performance on time-based tasks, 

though the same could not be said for the event-based tasks. A further study by 

Cockburn (1995) described a case study in which the participant was unable to 

perform the time-based task but performed the event-based task perfectly. Additional 

neuropsychological testing with the participant confirmed that the participant had 

only mild memory problems, though severe dysexecutive problems. Despite the 

severity of their executive difficulties, they were still able to perform the event-based 

PM task. These findings potentially suggest that time-based PM deficits are likely 

more prevalent in an ABI population (and hence more sensitive to intervention), and 

that event-based PM may remain intact regardless of the severity of ABI. It is 

therefore recommended that further studies be conducted comparing time-based and 

event-based PM performance in the presence of a brief intervention. 

As indicated earlier, it may also follow that the current task may not have 

been challenging enough to warrant the necessity of an intervention to improve 

performance. Despite not being at ceiling for the PM tasks, pre-intervention PM task 

accuracy was at 83% for the GMT task, and 72% for the II task which, for 

individuals with brain injury, may indeed represent their ceiling, or close to their 

ceiling (e.g. Fish et al., 2007 found post-GMT PM task accuracy at 85%). Of note, 

the current PhD laboratory group also collect data using the same measures with 

healthy adults of similar age and demographics as the sample used in this study. In 

order to evaluate the level of performance in the current ABI sample, I assessed, a 

small sample (28) of age-matched controls with respect to their performance on the 
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same event-based PM task utilised for the ABI population in the current study. For 

the control group, mean pre-intervention PM accuracy was 80.8%, and post-

intervention accuracy was 73.2%. In comparison, for the current ABI group, mean 

pre-intervention PM accuracy was 75.8%, and 71.6% post-intervention. Previous 

studies looking at PM accuracy in ABI populations in comparison to a control group 

have found more significant differences between groups, as well as lower accuracy 

for ABI (e.g. 65.8% accuracy for TBI participants versus 89.2% for controls; Shum 

et al., 1999).  

A further contribution of the current study was the evaluation of cost. 

Previous research has demonstrated that adding a PM task to an ongoing task leads to 

a decrement in response time with the ongoing task, due to the increased cognitive 

load (Einstein et al., 2005). The current study replicated this, as response time from 

baseline performance in the ongoing task to PM task performance increased 

significantly across all three conditions. However, response times did not 

significantly change when participants were performing the PM task following the 

intervention. Given that participants had been provided with a strategy to improve 

task performance that either required conscious reflection of the task at hand (II) or 

conscious monitoring of task goals (GMT), it would be expected that the 

implementation of either strategy would warrant a response cost. The lack of 

response cost may suggest that participants may not have been implementing the 

strategy, and hence did not experience an improvement in performance. In future, it 

may be worth interviewing participants following the task, to determine their use of 

strategies, and examine how this relates to their performance.  
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4.9.1 Limitations 

A possible limitation of this study could be the potential for fatigue in the 

current context of completing a series of neuropsychological assessments to confirm 

other cognitive deficits. In the current battery, the EB PM task occurs during the final 

segment of the 2
nd

 block. The second block is counterbalanced with the 3
rd

 block, 

and therefore for every second participant, the EB PM task is effectively the last task 

completed.
8
 Despite every precaution to ensure participants would complete testing 

over multiple days (or after a timely break) to prevent significant fatigue, the task 

itself may have been challenging for individuals suffering ABI. Furthermore, taking 

a potentially fatigued participant and implementing a GMT intervention whereby 

they were required to pause, stop and think, break down goals into sub-goals, 

generate a to-do list, learn the list, and then utilise this strategy in the upcoming task, 

may have caused the participant to become additionally overwhelmed. The same 

could be considered for II, given that they were also expected to implement an 

intervention with visualisation and oral repetition. This fatigue would have been 

particularly noticeable given the length of the task, and the number of trials they 

were required to perform. Indeed, results suggest that PM performance accuracy 

declined in the final block following both interventions and the non-intervention 

condition. In future, it would be worth focusing purely on the PM task in a single 

session, with additional time spent explaining GMT in the context of PM difficulties, 

prior to the single ‘dose’ intervention, which should be considered feasible to 

                                                 

 
8
 An additional 2x3 mixed ANCOVA was completed with pre- and post-intervention PM accuracy, 

controlling for block order. No significant main effect, nor interaction was found. A further 3x3 mixed 

ANCOVA was performed assessing baseline, pre- and post-intervention reaction times, again 

controlling for block order. With the exception of a main effect of reaction time (as indicated in the 

original 3x3 ANOVA), no main effect intervention, nor interaction effect was found. Results have 

been presented in Tables S2 and S3, respectively.  
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implement following ABI. It is important to note, that even patients with severe ABI 

are able to manage cognitive rehabilitation. They receive in-home care, and require 

shorter, more frequent interventions to manage difficulties associated with increased 

ABI severity, such as cognitive fatigue (Know & Douglas, 2018).  

4.9.2 Summary and Conclusions 

PM deficits have been consistently found in ABI populations, which can 

affect an individual’s daily life and have risky consequences. Given that study 2 

found that PM is important in predicting everyday functioning following ABI, the 

present study investigated the effects of II and GMT on PM performance, to 

determine whether a brief single-session intervention could improve PM deficits.  

 The study found no difference in PM accuracy post-intervention for either II 

or GMT. It is possible that the event-based PM task was less sensitive than the time-

based PM task in detecting PM deficits. Furthermore, it is conceivable that providing 

individuals with a single-session intervention in the context of a long 

neuropsychological battery, was insufficient to enable them to implement the 

strategy to improve performance. Nevertheless, recommendations were made to 

suggest future research directions, as despite the current non-significant findings, 

study 2 confirmed that PM deficits can affect daily functioning and thus, finding a 

way to improve these deficits is important.  
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4.10 Supplemental Materials 

Table S1 

ANCOVA exploring pre- and post-Intervention PM accuracy, controlling for years of 

education. 

Source of variation SS df MS F p ηp
2
 

Between Subjects 

      Education 0.53 1 0.53 5.53 .02 .09 

Intervention 0.14 2 0.07 0.70 .50 .02 

Error 5.60 58 0.10 

   Within Subjects 

      PM Accuracy 0.04 1 0.04 0.80 .37 .01 

PM Accuracy x Education 0.02 1 0.02 0.49 .49 .01 

PM Accuracy x 

Intervention 0.02 2 0.01 0.18 .84 .01 

Error 3.00 58 0.05    
 Note. PM = Prospective Memory 

 

Table S2 

ANCOVA exploring pre- and post-intervention PM accuracy controlling for block 

order  

Source of variation SS df MS F p ηp
2
 

Between Subjects 

      Block Order 0.02 1 0.02 0.17 .68 .00 

Intervention 0.20 2 0.10 0.96 .39 .03 

Error 6.11 58 0.11 

   Within Subjects 

      PM Accuracy 0.05 1 0.05 0.96 .33 .02 

PM Accuracy x Block 

Order 0.10 1 0.10 1.95 .17 .03 

PM Accuracy x 

Intervention 0.01 2 0.01 0.10 .91 .00 

Error 2.92 58 0.05 

   Note. PM = Prospective Memory 
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Table S3 

ANCOVA exploring LD response time (seconds) at baseline, pre- and post-

intervention for II, GMT and no intervention groups, controlling for block order. 

Source of variation SS df MS F p ηp
2
 

Between Subjects 

      Block Order 173892.40 1 173892.40 1.43 .24 .02 

Intervention 177795.54 2 88897.77 0.73 .49 .03 

Error 6952466.16 57 121973.09 

   Within Subjects 

      Reaction Time 40978.09 2 20489.04 3.37 .04 .06 

Reaction Time x Block 

Order 2686.77 2 1343.39 0.22 .80 .00 

Reaction Time x 

Intervention 27662.45 4 6915.61 1.14 .34 .04 

Error 692641.67 114 6075.80 

   Note. PM = Prospective Memory  
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5.1 General Rationale and Aims of the Present Program of Research 

Deficits following Acquired Brain Injury (ABI) can be profound and limiting 

with respect to their influence on daily functioning. Considering the financial and 

emotional costs of ABI to the individual and society at large, there is an emerging 

literature focusing on the prediction of everyday functional outcome following ABI 

(Atchison et al, 2004; Dawson, Schwartz, Winocur & Stuss, 2007; Farace & Alves, 

2000; Leśniak, Bak, Czepiel, Seniow & Czlonkowska, 2008; Steyerberg et al., 2008; 

Wood & Rutterford, 2006). Determining the best predictors of everyday functioning, 

could lead to improvements in long-term prognosis, well-established treatment plans 

and goals, and it may allow for the development of rehabilitation programs that are 

guided by these predictors. While studies investigating the best predictors of 

outcome have typically focused on pre-injury and injury characteristics (e.g. injury 

severity, aetiology, age and gender; Atchison et al, 2004; Dawson et al., 2007; Ruff et 

al., 1993; Steyerberg et al., 2008), neuropsychological domains are slowly emerging 

as promising predictors (e.g. Allanson, Pestell, Gignac, Yeo & Weinborn, 2017). 

Attention (Hyndman & Ashburn, 2007), speed of processing (Spitz, Ponsford, 

Rudzki & Maller, 2012), executive functions (Martyr & Clare, 2012), memory 

(Jefferson et al., 2008), visuospatial abilities (Perry & Hodges, 2000) and language 

(Chahal, Barker-Collo & Feigin, 2011), are domains that have proven successful in 

predicting activities of daily living, return to work, medication adherence and 

community integration amongst individuals recovering from ABI. The literature is 

still limited in this regard, however, and results have been inconsistent. As such, the 

first aim of this thesis was to complete a meta-analysis looking at the best 

neuropsychological predictors of everyday functioning following ABI.  
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The results of the first study (chapter 2), confirmed a relationship between 

neuropsychological domains and everyday functioning. Furthermore, this meta-

analytic study found that the literature remains inconsistent and limited in the 

neuropsychological predictors that are used to predict everyday functioning and more 

importantly, various neuropsychological domains are not explored in their entirety 

(Watson, Gignac, Weinborn, Green & Pestell, 2020). For example, executive 

functions, while they have shown promise in predicting everyday functioning 

following ABI are typically not measured well. In addition, there appears to be a lack 

of consensus regarding a definition of executive functioning, and the tests that are 

purported to provide a satisfactory measure of executive function ability (Allanson et 

al., 2017). These findings led to the rationale of the second study (chapter 3), which 

sought to fill a gap in the literature regarding specific cognitive domains that might 

provide promise in predicting everyday functioning following ABI. 

Previous studies have found prospective memory (PM) deficits following 

ABI (Fleming, Shum, Strong & Lightbody, 2005; Levine, Katz, Dade & Black, 2002; 

Shum, Levin & Chan, 2011). This is important, as PM is inherent in carrying out daily 

tasks and is integral to maintaining functional independence, given that up to 80% of 

all daily memory tasks are prospective in nature (Kliegel & Martin, 2004). PM 

deficits can also result in risky and dangerous consequences, for example, forgetting 

to turn the stove off, or forgetting to take medication. Given the extensive evidence 

in the literature that PM deficits lead to difficulties with daily tasks, the second aim 

(chapter 3) of this thesis focused on measuring the extent of the relationship between 

PM and everyday functioning, and whether PM can predict daily functional outcome, 

following ABI.  
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From study 2, results suggested that self- and informant-related PM can 

predict daily functioning over and above executive functions. This suggests that PM 

deficits can to some degree, predict everyday functional outcome following PM. 

There is a rising literature looking at rehabilitation of PM, in an effort to improve 

neuropsychological deficits (e.g. see Fish, Wilson & Manly, 2010). Given the 

findings in chapter 3, that subjectively reported PM deficits can predict daily 

functional outcome, the next step was to determine whether a brief intervention could 

improve PM. This formed the third study (chapter 4) of this thesis. Given the limited 

literature linking PM to everyday functioning following ABI and the slow emergence 

of the rehabilitation literature, this thesis provided major contributions to the 

literature, that will be outlined below. 

5.2 Overall Summary and Key Findings 

5.2.1 Study One (Chapter 2): Meta-analysis  

Study one consisted of a meta-analysis that comprehensively and 

quantitatively evaluated the existing literature regarding the neuropsychological 

domains and everyday functioning following ABI. A previous meta-analysis 

outlining the best neuropsychological predictors following Traumatic Brain Injury 

(TBI) was published by Allanson et al., (2017). As such, the current meta-analysis 

sought to complete the literature, by evaluating the best neuropsychological 

predictors on non-traumatic ABI. Conventional meta-analyses were performed to 

estimate the effects between the neuropsychological domains and everyday 

functioning, and then a multiple regression was performed upon the meta-

analytically derived correlation matrix. The state of the literature largely determined 

both the neuropsychological domains that were evaluated, and the outcome measures 

that were included. Given their prevalence in the literature and their importance in 
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measuring everyday functioning, activities of daily living and quality of life were 

used as the measures of outcome. The neuropsychological domains examined were 

attention, executive functions, memory, language and visuospatial abilities. The 

meta-analysis revealed moderate to large, significant positive correlations between 

both outcome measures and all cognitive abilities. That is, higher levels of cognitive 

functioning were associated with higher levels of activities of daily living and quality 

of life, and hence, a better predicted everyday functioning. Following the meta-

analytic bivariate correlation analysis, a multivariate metaSEM analysis was 

performed to evaluate the unique predictive utility of each neuropsychological 

domain, and both respective outcome measures. The analysis predicting activities of 

daily living revealed attention and visuospatial abilities to be unique predictors of 

everyday functioning. In contrast, no neuropsychological domains were found to be 

unique predictors of quality of life, though in combination, they accounted for a 

significant amount of variance.  

Study one was an important addition to the literature for several reasons. 

First, examination of the extant research revealed that previous individual 

investigations have been completed with modest sample sizes and contained various 

methodological limitations. The largest sample size predicting activities of daily 

living (N = 409), focused purely on stroke and a variety of cognitive tests that were 

explored with respect to their individual contribution to the prediction of everyday 

functioning, rather than focusing on cognitive domains (Jokinen et al., 2009). For 

quality of life, the largest sample size (N = 113), did not include a measure of 

executive functions, nor language (Passier, Visser-Meily, van Zandvoort, Rinkel, 

Lindeman & Post 2012). This meta-analysis was able to synthesize the literature with 
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a large sample size (N = 2,384 and N = 1,037) looking at multiple 

neuropsychological domains. 

Second, several studies did not include a comprehensive measure of multiple 

neuropsychological domains, instead focusing on a single global measure (e.g. See 

Watson et al., 2020). This is problematic, given that previous studies have 

demonstrated the importance of considering multiple domains of attention (e.g. 

switched, divided, sustained; Hyndman & Ashburn, 2007), memory (e.g. immediate 

and delayed, verbal and visual; Jefferson et al., 2008) and executive functions (e.g. 

switching, inhibition, generativity and working memory; Martyr & Clare, 2012). In 

particular, despite the extensive literature looking at the importance of executive 

functions in ABI (Allanson et al., 2017), they were not found to be a unique predictor 

of everyday functioning in the regression analysis. 

Third, our meta-analysis revealed limitations with regard to this literature, 

specific to the quality and variability regarding the tests used to measure each 

neuropsychological domain. This is important, as for example, some studies used 

fluency tasks to measure language, though this task could arguably be considered to 

measure executive functions (Cahn-Weiner, Boyle, & Malloy, 2002).  

Fourth, our review identified significant variability and limitations with 

regard to measures of everyday functioning and outcome. For example, the modified 

Rankin Scale (mRS) was frequently used as a measure of basic activities of daily 

living, though it is often considered a overly simplistic scale enabling a clinician to 

give a patient a measure of ability on a single 6-point scale ranging from 0 - no 

symptoms at all, to 6 – dead (Van Swieten et al., 1988). 

Fifth, the meta-analysis revealed that there is indeed a limited literature 

looking at the prediction of outcome following brain injury using neuropsychological 
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predictors. This meta-analysis was only just adequate for the quality of life meta-

analysis, and only marginally better for the activities of daily living analysis, despite 

combining both basic and instrumental activities of daily living. Despite this largely 

being attributed to the lack of appropriate data included in research papers to 

complete a meta-analytic analysis, the lack of consistent results, measurement, and 

clarity among researchers was clear. There remains an inconsistency as to the 

appropriate neuropsychological measures to use and domains to include, as well as 

the outcome measures to use. Furthermore, given the variety of ABI aetiology, 

several studies only focused on stroke or TBI, suggesting that a large portion of the 

ABI aetiology is being overlooked (e.g. tumour resection, hypoxic/anoxic injury, 

infection, drug and alcohol related injury).  

Finally, in completing this study, we outlined specific approaches to address 

the limitations identified in the extant literature, and initial addressing of these 

approaches informed the design and implications of the studies that follow in this 

thesis.  

5.2.2 Study 2 (Chapter 3): Prospective Memory Predicting Functioning 

The second study was conducted to further investigate the relationship 

between neuropsychological predictors of everyday functioning, following ABI. 

Study one confirmed that neuropsychological domains indeed predict everyday 

functioning, however, several limitations were concluded with respect to the current 

ABI literature. As indicated, neuropsychological domains are typically not measured 

well, and many domains have not been investigated. As such, study two focused 

specifically on two neuropsychological domains with respect to their prediction of 

everyday functioning.  
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First, executive functions were measured comprehensively by creating a 

composite score of all four domains of executive functions; shifting, updating, 

inhibition and generativity. Secondly, study two focused on the measurement of 

prospective memory (PM). As indicated earlier, PM is emerging as an important 

neuropsychological domain due to its relationship with everyday functioning 

(Kliegel & Martin, 2004). That said, the literature is limited with respect to the 

relationship between PM and ABI. Indeed, the literature review completed as part of 

the meta-analysis of study one did not identify any papers that included PM as a 

predictor of everyday functioning following ABI. It was important therefore, to 

expand the literature and measure this neuropsychological domain. Importantly, this 

study investigated whether PM could predict everyday functioning over and above 

executive functions. This was considered important to investigate, as component 

processes within PM require both retrospective memory, and executive components 

(McDaniel & Einstein, 2007).  

Two independent measures of PM were included, which contained two 

components identified by the Multi-Process Theory as important in determining 

whether a PM task is performed successfully. That is, our tasks differentiated 

between time- and event-based PM. Both PM tasks were embedded within an 

ongoing lexical decision-making (word or non-word) task, and participants were 

required to press an alternative key in accordance with the target. For the time-based 

task, this required participants to press the ‘X’ key, 3, 7 and 9 minutes into the task. 

For the event-based task, participants were required to press a key when they noticed 

an animal or a fruit word. The study analysed PM accuracy, which was calculated as 

the number of correct responses on the event-based task, and the proximity to the 

correct time on the time-based task. Everyday PM failures were also measured using 
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both the self- and informant-report prospective memory questions from the 

Prospective and Retrospective Memory Questionnaire. Study two also improved 

upon the literature by including a well-validated comprehensive measure of everyday 

functioning that is both self- and informant-report; the Mayo-Portland Adaptability 

Inventory (MPAI).  

The findings were as follows. First, looking at bivariate correlations, there 

was a moderate relationship between event-based prospective memory and MPAI 

total score (across domains of abilities, participation and adjustment), and the MPAI 

abilities subscale. This suggested that those individuals who struggle on daily tasks 

of event-based PM may experience difficulties with social engagement, and aspects 

of their participation in daily activities, abilities (e.g. vision, hearing speech), and 

adjustment following their injury. Looking at self-reported PM revealed moderate 

correlations across all measures, as did the informant-report measures of PM. 

Unsurprisingly, executive functions revealed significant correlations with all 

outcome measures.  

Following from the correlation analyses, a series of regression analyses were 

performed to determine whether PM could predict everyday functioning over and 

above executive functions. Results revealed that only subjective measures of PM 

abilities were able to predict everyday functioning over and above executive 

functions. Specifically, self-report PM was a significant predictor of the self-report 

MPAI abilities, adjustment and total subscales, while informant-report PM was a 

significant and unique predictor of all informant-reported MPAI subscales (total 

score, abilities, adjustment and participation).  

Study two made significant and important contributions to the ABI literature. 

We concluded that a comprehensive assessment of executive functions is necessary, 
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as executive functions can uniquely, and significantly predict everyday functioning 

following ABI. While this doesn’t allow for the conclusion that EF may be a unique 

predictor when other domains such as visuospatial abilities and attention are included 

(as was the case in study 1), it does suggest that EF is a robust predictor of everyday 

functioning, when measured comprehensively. Second, PM is indeed an emerging 

predictor of everyday functioning. In particular, given that self- and informant-report 

PM was significantly associated with everyday functioning, it is clear that PM 

failures can affect the daily lives of those suffering from ABI, and this is important to 

capture. Furthermore, experimental assessment of event-based PM also revealed 

correlations with aspects of everyday functioning 

An additional finding of the present study was that the perceived importance 

of a PM task can lead to PM success, or failure. This was in support of previous 

studies of nonclinical groups, that found if participants consider their success in 

performing a time-based PM task as a priority, their performance improved in 

comparison to participants who had little perceived importance (Kliegel, Martin, 

McDaniel & Einstein, 2002; Walter & Meier, 2014;). Our novel findings indicate 

that this is also true in a clinical/ABI population. This finding suggests that should a 

participant experience PM deficits following an ABI, an important technique to 

compensate for such deficits could be to increase the salience of the PM task, or find 

a method of eliciting a sense of importance.  

In an effort to conduct a complete assessment of PM and maximise the 

generalisability of findings to daily functioning, study two contained a second aim, 

which was to investigate the potential effect of cost on everyday functioning. Studies 

have demonstrated that performing a PM task requires additional cognitive resources 

(Scullin, McDaniel, Shelton & Lee, 2010). This ‘cost’ can be measured by observing 



 

Chapter 5: General Discussion 238 

the time it takes to respond to task requirements (response time; Scullin et al., 2010). 

For example, if a participant is required to perform a lexical decision task, whilst 

remembering to look out for an animal word, the demand for attentional and 

monitoring resources will likely cause the participant to be slower to respond. 

Following an ABI, this allocation of resources is likely to be far more inefficient, and 

costly. The hypothesis tested in study two then, suggested that participants who are 

able to efficiently allocate resources to maintain a steady response time would likely 

experience better PM performance, and better daily functioning. Results indicated 

that introducing the PM task resulted in response time cost, however this did not lead 

to an increase in PM accuracy. This unexpected result led to a further exploration of 

the data, and results indicated that in a portion of ABI participants, poorer everyday 

functioning correlated with a decrease in cost. That is, participants who were quicker 

to respond had better PM task accuracy, though a worse predicted everyday 

functioning. Importantly, this PM accuracy was associated with poorer ongoing task 

accuracy. It was determined that participants with worse daily functioning were 

unable to efficiently allocate the resources required to perform both tasks adequately, 

and hence prioritised performance on the PM task at the expense of the ongoing task. 

These findings could also explain the absence of a relationship between time-based 

PM and everyday functioning. If participants were prioritising the PM task over and 

above the ongoing task, their PM performance would appear unimpaired.  

5.2.3 Study 3 (Chapter 4): Prospective Memory Interventions 

While study two confirmed the importance of exploring PM and its 

relationship to everyday functioning, study three explored the utility of providing a 

single-session intervention to improve EB PM performance. In this study, the event-

based PM paradigm was identical to that used in study 2. First, a baseline block was 
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performed, whereby participants were required to respond ‘yes’ or ‘no’ to the 

ongoing lexical decision (word, non-word) task. Then, participants were required to 

press the ‘X’ key whenever they saw a fruit/animal word (counterbalancing 

participants with fruit/animal word). Following this PM block, participants were 

allocated to one of three groups, 1) a control group (no intervention), 2) 

Implementation Intentions or 3) Goal Management Training (GMT). Those in either 

of the intervention groups received a short single-session intervention, and then 

proceeded to their final PM block, where they were again required to press the ‘X’ 

key when a target (fruit/animal) word appeared.  

Surprisingly, there was no difference in PM accuracy between control 

participants who did not receive any intervention, and participants who received 

either the II or GMT intervention. Furthermore, there was no difference in PM 

accuracy between the intervention conditions, demonstrating that participants did not 

benefit from either II or GMT to improve their event-based PM task performance. In 

addition to assessing PM task performance, study three also examined PM cost. 

Given that a cost was associated with performing the PM task in study two, it was 

hypothesized that a cost would be incurred if the participant was using the 

intervention strategy, and that the absence of cost might suggest the intervention was 

not being used. While we were able to conclude that a cost was again incurred as a 

result of implementing the PM task, there was no additional cost incurred following 

the intervention.  

Our findings from study three demonstrated that providing a short, single-

session intervention was not sufficient to detect improvement on an EB PM task in 

an ABI population. Indeed, participants did not seem to be using either GMT or II as 

a strategy to improve their performance as evidenced by the absence of cost despite 
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introducing the intervention. Previous research has suggested that a single session of 

GMT can lead to confusion in participants (Fine et al., under review). Furthermore, 

other studies that have used GMT have implemented a longer, more intense training 

session with GMT (Fish et al., 2007, Levine et al., 2007; Pachalska et al., 2000), or 

have combined GMT and II with other interventions (Mioni et al., 2015; Krasny-

Pacini, Chevignard & Evans, 2013). It is also possible that the event-based PM task 

used in the current study was not sensitive enough to detect brain injury-related PM 

deficits, which may be heavily impacted by executive functions given the brain 

regions implicated in PM impairment (Rohling, Faust, Beverly, & Demakis, 2009; 

Kennedy et al., 2008). While the initial design for single study session was 

considered appropriate given limited time available with this clinical sample, and 

previous studies that had found single session intervention was associated with 

significant results (Levine 2000), it is acknowledged that a single session 

intervention is likely not adequate, and as such, future studies should consider 

exploring different types and lengths of GMT, with recorded level of success in 

improving PM outcome. There are several potential reasons for the null results, 

which are not limited to; the variety of ABI aetiology assessed in the current study, 

the potential for misunderstanding task instructions, fatigue, insufficient GMT 

training, or that the level of impairment was not sufficient to detect change. Further 

details have been described in the below sub-sections of this chapter.  

5.3 Implications of Findings 

A central argument made in this thesis was that given the extent of functional 

limitations, adjustment and financial burden following ABI, it is important that we 

begin to find accurate means of predicting everyday functioning. This is important 



 

Chapter 5: General Discussion 241 

for goal planning, treatment and intervention, which will impact the lives and 

families of individuals having suffered an ABI.  

There is evidence that neuropsychological testing can predict everyday 

functioning following ABI (Allanson et al., 2017; Watson et al., 2020). Indeed, our 

findings from study one demonstrated a relationship with both activities of daily 

living and quality of life across the neuropsychological domains of memory, 

attention, executive functions, language and visuospatial abilities. This suggests that 

measurement of neuropsychological functioning should be a necessary step forward 

in the management and prognosis of ABI. Importantly, study one outlined the need to 

have consistent and comprehensive neuropsychological measures for an ABI 

population, to determine whether an individual has formal capacity to manage their 

financial affairs, return to work, care for children, or return to some form of pre-

morbid daily functioning. Despite these important factors, findings from this study 

suggested that neuropsychological assessment following ABI is rare, and even if 

completed, the neuropsychological battery is typically varied and not sufficiently 

comprehensive to accurately capture cognitive functioning. It would be important to 

begin to develop a comprehensive, but brief, test battery that could efficiently 

capture deficits to be able to inform treatment planning. Given the importance of 

capturing cognitive capacity for the prediction of everyday functioning, this is a 

worthy endeavour. 

Study one also revealed important implications regarding the prediction of 

everyday functioning following ABI. First, as previously indicated, measures of 

functioning are relatively inconsistent, and frequently measure only one or two 

aspects of an individual’s daily functioning (e.g. level of consciousness, physical 

capacity). ABI can affect several aspects of an individual’s condition, not limited to 
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physical, mental, emotional and behavioural changes. As a result, an outcome 

measure must encompass the individual’s global status. Furthermore, selecting an 

adequate outcome measure reduces the capacity of error in suggesting that an 

individual has adequately recovered, if they have not (Bagiella et al., 2010). 

Community integration, return to work, basic activities of daily living, cognitive 

functioning and quality of life are some such domains that should be considered 

when evaluating everyday functional outcome following an ABI. Providing a 

separate measure for each functional domain is impractical – for the patient, medical 

staff, and family members – anyone who may be involved in the treatment of the 

individual. It is important, then, to consistently use a measure of outcome that 

incorporates all aspects. Good examples would be the Mayo-Portland Adaptability 

Inventory (MPAI), the combined Functional Independence Measure and Functional 

Assessment Measure (the FIM + FAM), or a measure that is specific to brain injury 

aetiology (e.g. stroke or TBI-specific measures).  The MPAI was used in the current 

thesis for studies two and three. It is a comprehensive measure that produces three 

subscales; abilities, adjustment and participation (Malec et al., 2003). This measure 

has been specifically developed for individuals with ABI and can provide an idea of 

functioning across multiple domains. The FIM was originally developed in the 

1980’s and consists of 18 items; 13 which measure motor functioning, and 5 which 

measure cognitive functioning (Hamilton, Laughlin, Fiedler & Granger, 1994). 

Recognising that the FIM was inadequate at encompassing multiple domains of 

functionality associated with ABI, the FAM was created as a supplementary 

questionnaire to the FIM, adding another 12 items addressing cognitive and 

psychosocial functioning (Hall, Hamilton, Gordon & Zasler, 1993). Both 

questionnaires together have been determined to have sound psychometric properties 



 

Chapter 5: General Discussion 243 

for the evaluation of functioning following traumatic brain injury, and other 

neurological conditions (Corrigan, Smith-Knapp & Granger, 1997; Turner-Stokes & 

Siegert, 2013).  

In addition to selecting an adequate outcome measure, outcome should also 

not be considered at a single point during the individual’s recovery (Dong et al., 

2012; Geubbels, Nusselein, van Heugten & Rasquin, 2015; Hokkanen, Karuanen, 

Roine, Salonen & Kotila, 2006; Kauranen, Turunen, Laari, Mustanoja, Baumann & 

Poutiainen 2013); Studies focusing on everyday functioning following ABI recognise 

that recovery is complex and dynamic, and that it is important that outcome is 

measured regularly by clinicians to assess progress and change over time (Spitz et 

al., 2012). Furthermore, if a patient is undergoing specific treatment or rehabilitation, 

a regular and consistent measure of outcome is recommended so that ineffective 

treatment plans can be discontinued or changed (Ponsford, Draper & Schonberger, 

2008).  

As outlined throughout this thesis, PM has important implications on daily 

functioning. Furthermore, deficits in PM can lead to a variety of consequences that 

can be risky and embarrassing for the individual. The findings in study 2 suggested 

that subjective PM deficits can predict adjustment, abilities and participation, 

following ABI, however, objective measures of both EB and TB PM did not reach 

statistical significance in the prediction of everyday functional outcome. These 

findings may suggest that using a semi-naturalistic task might be more appropriate 

for detecting deficits following ABI. As such, understanding the value of both 

experimental and semi-naturalistic tasks is important. Firstly, all PM tasks in daily 

life typically require a large cognitive load as the individual is required to prioritise 

the PM task among other daily requirements, self-generate a reminder to initiate the 
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task, and manage this self-initiation in the presence of daily life-distractions (Brown 

& Hux, 2017). Furthermore, if the participant is also experiencing executive function 

deficits, planning and structuring the initiation of the PM task can be part of the 

problem. In an experimental procedure, distractions are minimised, the task has been 

prioritised for the participant, and the cognitive load is generally reduced. 

Additionally, the experimental procedure itself is an ‘executive function control’, by 

implementing structure through standardisation. In this respect, experimental 

procedures largely manage and control many aspects that make a PM task difficult in 

the real-world and could explain why the current study did not result in significant 

findings.  

Alternatively, ecologically valid, or semi-naturalistic tasks may capture PM 

deficits far more successfully. A recent study by Brown and Hux (2017) tested nine 

participants with ABI over ten days, on their ability to initiate and execute a series of 

tasks that they had planned at the commencement of the experiment. They found that 

four of the nine participants did not attempt a single PM task, and only one 

successfully completed all of the tasks attempted, however, this individual only 

attempted one task. They concluded that the PM measure used in this study enabled a 

real-world analysis of PM, capturing aspects of initiation, planning, and execution 

which are inevitably required in prospective remembering (Brown & Hux, 2017). 

While the use of a naturalistic task in this study was beneficial, and successfully 

captured PM deficits, conducting a task such as this on a sample size of 61 ABI 

participants is much more difficult to manage. In a slightly different semi-naturalistic 

PM task, a study by Mioni et al., (2013), sought to determine whether PM, as 

measured in a more ecologically valid manner, reflected a similar level of 

impairment as suggested by previous laboratory PM tasks in individuals who had 
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experienced a TBI. They used a task called ‘virtual week’, which is a computerised 

board game in which participants move around the board by rolling a dice. As they 

progress, instructions will appear such as “you stop at a café for lunch”. As the 

individual progresses through the board game, they are also required to remember 

PM tasks such as taking medication at a specific time (which requires monitoring of 

a virtual clock), or at a specific location (Mioni et al., 2013). Mioni and colleagues 

used the Functional Independence Measure and Functional Assessment Measure 

(FIM+FAM) to determine the level of cognitive and physical recovery in their 

participants. Results suggested that in comparison to controls, participants with TBI 

were significantly more impaired across all PM measures, including time- and event-

based tasks. Furthermore, they were able to confirm that both event- and time-based 

PM accuracy was significantly correlated with the FIM+FAM measure of outcome, 

as well as level of cognitive functioning. For the FIM+FAM, effect sizes were in the 

range of .46 to .53 for event- and time-based PM respectively, and .44 and .42 for 

event- and time-based PM effect sizes with cognitive functioning. In comparison to 

our current study, significant effect size estimates in predicting functional outcome 

using an experimental measure were in the range of .26 to .35 for event-based PM, 

and non-significant for time-based PM. These findings may suggest that perhaps 

predictive validity may indeed be higher when using more naturalistic PM tasks. 

Experimental PM tasks, while they have many added benefits with respect to their 

use in the PM literature, may require further exploration and research to elicit 

comparable effect size estimates. Overall, there is extensive literature demonstrating 

PM impairments following ABI, however, it is important to come to a consensus 

regarding a sound measure of PM to capture deficits and promote rehabilitation, 
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which may indeed require an amalgamation of both experimental and semi-

naturalistic tasks.  

An additional finding of study two was that both self- and informant-report 

questionnaires of PM were conclusive in demonstrating PM difficulties, and were 

unique predictors of functional outcome, above and beyond executive functions. 

Despite the possibility that subjective measures of PM can be problematic due to 

limited self-awareness of cognitive difficulties in ABI populations, this current study 

utilised both self- and informant-report PM to address this limitation. Furthermore, 

previous studies have outlined the importance of using questionnaire measures to 

enable a subjective measure of functioning (Shum, Fleming & Neulinger, 2002), and 

evidence has suggested that both self- and informant -reported prospective memory 

deficits as measured by the PRMQ correlate significantly with objective PM 

performance in ABI populations (Hsu, Huang, Tu & Hua, 2014). As such, these 

findings were considered to have made a significant contribution to the literature, and 

further supports the need to include subjective measures of cognitive functioning to 

direct treatment goals.  

An additional implication of study two, was found with respect to the analysis 

of cost. As demonstrated, significantly impaired participants were unable to 

efficiently allocate resources to adequately perform an ongoing task, whilst 

remembering to perform the PM task. If participants are unable to efficiently allocate 

resources, there will be an additional cost to ongoing task management. For example, 

if an individual is required to remember to perform a particular task at some point in 

the future and are simultaneously expected to maintain their current workload, this 

could have serious consequences if they are unable to do so. This was an important 

finding for the ABI literature, as although the intended goal of the study was to 
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recognise PM deficits, we additionally recognised dual-task decrement in the 

ongoing task. This again emphasizes the importance of selecting PM measures. In 

the current PM experimental paradigm, participants had the opportunity to prioritise 

the PM task at the expense of the ongoing task, with little consequence. This may not 

be possible in a real-life setting. For example, in a more naturalistic setting, an 

individual may be required to boil water, at the same time as pay a bill. If they are 

unable to efficiently complete both tasks adequately, they may forget to pull the 

water off the stove, pay the incorrect bill, or make an equally dangerous error. 

Therefore, consideration of a more ecologically valid task of PM, enabling the 

manipulation of factors such as task importance or prioritisation, may better 

recognise PM deficits, and predict everyday functioning long-term. Furthermore, 

semi-naturalistic tasks, such as the Memory for Intentions Screening Test (MIST), 

typically require encoding and retrieval of multiple intentions, as opposed to a 

standard Einstein and McDaniel paradigm, which is a single task. Recognising the 

additional cognitive load of PM, and the participants inability to perform both tasks 

adequately also holds important implications for rehabilitation efforts. If cognitive 

rehabilitation or intervention strategies provide an additional cognitive load, it is 

unlikely that the participant will be able to adequately utilise the strategy provided to 

them. 

Finally, this thesis has important implications in the development of PM-

specific interventions for individuals with ABI. As indicated previously, in study two 

it was demonstrated that individuals who were unable to perform the dual-task 

requirement of the PM experimental paradigm demonstrated impaired ongoing task 

performance. This would suggest that these individuals will likely require an 

intervention strategy with minimal cognitive load. Furthermore, a single session 
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intervention is likely insufficient to implement for individuals with a multitude of 

deficits from a variety of ABI aetiology. It must be noted that the current study 

intended to use a single-dose intervention with the primary aim of detecting small 

improvements in PM performance, without intending to recommend a single-dose 

intervention as being a long-term solution. Rather, it was considered to hopefully 

provide an idea of the type of intervention that may be used effectively with PM 

deficits, and perhaps suggest how much intervention would be required to elicit 

significant PM improvement. As indicated, previous studies have used more than one 

intervention to improve PM performance across clinical populations (e.g. Fish et al., 

2007). It is reasonable to assume that the same would be required in the current ABI 

sample.  

5.4 Support for Prospective Memory Theories 

The current thesis provided support for the MPT theory, first with respect to 

task importance. It was found that participants who perceived the task as being 

important, performed better.  

Furthermore, the MPT theory asserts that event-based PM is likely to elicit a 

more spontaneous response, rather than require conscious monitoring as in time-

based PM (McDaniel & Einstein, 2000). Given the nature of the current event-based 

PM task, in that participants were required to wait for an animal/fruit word to appear 

before pressing an alternative key, performance was unexpectedly good (and the data 

somewhat skewed) in comparison to success in the time-based PM task. This 

suggests that the event-based PM task was somewhat easier and potentially less 

resource-demanding. This was also evidenced in the exploration of cost. Although a 

cost was still incurred when performing the event-based PM task, the cost was 

significantly less for the event-based task in comparison to the time-based task.  
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5.5 Limitations 

With the exception of the meta-analysis, whereby limitations were outlined 

regarding general methodology, a few considerations must be made with respect to 

studies two and three within this thesis. Firstly, we experienced ongoing difficulty 

with data collection. Data collection with clinical populations is generally difficult, 

however further COVID restrictions resulted in fewer participants than originally 

proposed. As such, a modest sample of 61 participants was used. While 61 

participants could be considered sufficient in the ABI literature, we were required to 

be lenient with respect to ABI aetiology as well as time since injury. This meant that 

many participants were at different stages in their recovery when ideally, testing 

would occur closer to injury date to provide insight into early functioning, prognosis 

and rehabilitation direction. With respect to aetiology, a larger sample size is ideal to 

acquire greater statistical power and to account for the range of injury characteristics. 

Indeed, given a larger sample, participants could be separated and compared 

according to their injury severity, injury type, location and other important 

demographic factors that were not possible to account for in the current sample. This 

would allow us to better study PM deficits and intervention efforts, in the context of 

injury characteristics.  

A further limitation could be considered with respect to the design of the 

testing battery. This study looked at an experimental PM paradigm, that enabled the 

differentiation of time- and event-based PM. Both tasks together took considerable 

time and effort, on the part of our participants. To account for fatigue, the battery 

was counter-balanced, with every second participant performing the PM tasks at 

block 2, rather than block 3. Although there was no significant difference in PM 

accuracy, cost, or ongoing task accuracy between the counterbalanced participants to 
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suggest fatigue, other studies of PM in an ABI population have not considered PM in 

the presence of an extensive neuropsychological battery (e.g. see Shum at al., 2002 

for a review). Most have either exclusively examined PM, or PM alongside executive 

function deficits. A possible alternative for the current study would have been to 

counterbalance the PM block with block 1, or to measure PM during a separate 

session.  

Furthermore, it may have been equally important to counterbalance the time-

based and event-based PM tasks, to determine whether the event-based task was 

simply easier, due to its placement after the time-based task. A study by Forbach and 

colleagues (1974) determined that performance on a typical word-non-word lexical 

decision task showed shorter latencies and improved performance as the task 

progressed. They determined that the effect they were seeing may have been 

“priming”, whereby participants were recognising certain clusters, or patterns of 

words (Forbach, Stanners, Hochhaus, 1974). They also suggested that these results 

may be due to non-specific practice effects associated with performing the task 

repeatedly (Forbach et al., 1974). Further analyses with study three revealed that 

there may have been potential for practice effects with the event-based PM task. A 2 

x 3 repeated measures ANOVA was performed on the participants who performed 

worse, which in this case was defined as a PM accuracy of .63 or less (i.e. 3/6 target 

words correctly identified). All three conditions revealed an improvement in PM 

accuracy from block 2 (pre-intervention) to block 3 (post-intervention). While these 

changes were not significant, mean PM accuracy improved from .39 to .56 for the no 

intervention condition, .35 to .51 for II and .33 to .58 for GMT. Given that the 

improvement occurred across all three conditions, irrespective of intervention may 
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suggest that participants were simply becoming more familiar with the task, and 

more practiced at identifying the target word. 

A final limitation of studies two and three, may have been the use of the 

experimental PM task to both detect PM deficits, and subsequently detect PM 

improvement. Research has suggested that PM, in part, is proposed to depend on the 

prefrontal systems and the executive functions that are served by these systems 

(Martin, Kliegel & McDaniel, 2003). In particular, Shum and colleagues (1999) 

suggested that PM requires planning, disruption, inhibition and intention 

implementation. According to the Multi-process Theory of PM, time-based PM 

likely relies on these frontal systems more than event-based PM (Shum, Valentine & 

Cutmore, 1999). Interestingly, this current thesis found no correlation with the 

executive function composite and accuracy on the time-based PM task. Furthermore, 

a break-down of the executive-function composite measure found no significant 

relationship between time-based PM and our measures of working memory, 

generativity, inhibition or switching. In addition, questionnaire measures indicated 

PM deficits were present in this population, however, neither the time- nor event-

based experimental task correlated with questionnaire measures of time- or event-

based PM. While this particular experimental PM paradigm has been successfully 

piloted on older adults (Fine et al., under review), it is possible that this paradigm 

was not sensitive to detect pure PM deficits in an ABI population. In a review by 

Shum and colleagues (2002) looking at PM following traumatic brain injury, they 

suggested that experimental procedures of PM can actually be harder than real-life 

PM tasks, given that they are typically set up by the experimenter and therefore have 

no meaningful context for the participant (Shum, Fleming & Neulinger, 2002). It 

may be that other factors as discussed above (e.g. ABI aetiology or time since injury) 
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affected the task at hand. Nonetheless, unexpected findings with executive functions 

and questionnaire measures suggest that it may require more investigation to 

determine why PM deficits were more difficult to detect in the current study.  

 In brief, a successful experimental paradigm of PM should consider the 

population at hand, and implement a shorter experiment solely looking at PM deficits 

(rather than a larger battery of additional tasks). Manipulating time-, event- and 

activity-based PM would be important (counterbalancing as required), including the 

consideration of cost, and importance in PM tasks. Implementing a delay condition 

may additionally be important (e.g. such as requesting participants to make a phone 

call at some point once they have left the session), to implement a more ‘real-life’ 

measure of PM. This can also be manipulated at time of recruitment, requesting 

participants to remember to bring something from home, to the testing session. 

Providing a short interview or questionnaire following PM tasks, may also enable a 

more accurate picture of the participant perceived importance, effort, or level of 

confusion with respect to any tasks completed. Additional recommendations for 

future research have been outlined in the following section.  

5.6 Future Directions 

Following on from the implications, and limitations discussed above, there 

are several future directions for this research.  

Earlier in this thesis, the importance of ecological validity was discussed. As 

such, a future endeavour may be to consider the prediction of outcome in ABI, using 

a real-life measure of PM. Studies looking at more true-to-life measures of PM in 

ABI populations have shown variable results (e.g. Titov & Knight, 2001; Fish et al., 

2007). Furthermore, this method is also met with limitations. It can be difficult 

(sometimes impossible) to elicit experimental control, it can be difficult to establish a 
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normative baseline given the variability in individual’s lives, and it is often difficult 

to establish a valid reasoning for a missed PM target (Fish et al., 2010). Despite this 

however, if the future intention is to establish legitimate and effective interventions 

and rehabilitation efforts that can be generalised to our daily activities, it is important 

to recognise PM impairments as they exist every day.  

Following on from this, given a larger sample size, it would be important to 

begin correlating injury characteristics (severity, location, aetiology) with PM 

performance. Developing a greater understanding of how patterns of deficits appear 

in particular ABI characteristics, can enable us to better predict outcome, and 

develop specific intervention strategies. Just as ABI differs in aetiology and pattern 

of deficits, so too should intervention strategies be flexible and dynamic. Results in 

study three suggested that some participants may be suffering executive functions 

deficits or retrospective memory deficits, in addition to PM deficits. This would 

suggest that providing all individuals suffering from PM deficits with the same 

intervention, could prove ineffective for some individuals. Fish et al., (2010) 

suggested that an understanding of the component processes of PM is important to 

determine rehabilitation strategies. For example, they suggested that due to the nature 

of PM involving both a retrospective memory component and a prospective memory 

component, intervention strategies would have to intervene at both levels to result in 

an improvement (Fish et al., 2010). These two component processes of PM can also 

be broken down further to include episodic memory, inhibition/initiation control, 

updating and monitoring, to name a few (McDaniel & Einstein, 1993). Should PM 

tasks be able to better delineate the component processes of PM, intervention 

strategies can be developed to account for deficits, and rehabilitate them. For 

example, an individual suffering retrospective memory deficits would likely struggle 
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to remember a series of instructions or self-initiated intentions, though being taught 

to use a strategy when triggered by an assistive device may be effective (Wilson, 

Emslie, Quirk & Evans, 2001). A study by Brown and Hux (2017) who investigated 

PM deficits in nine individuals with ABI, showed that participants with ABI 

demonstrated little to no evidence of strategy use to remember to initiate their tasks. 

They concluded that this could be because the participants lacked self-awareness of 

their deficits and hence did not feel that strategy implementation was required 

(Brown & Hux, 2017). This may mean that if participants have little self-awareness, 

part of an intervention could require participants to first be made aware of their PM 

deficits, before proceeding to rehabilitation.  

The literature has suggested that PM deficits are indeed prevalent following 

ABI, and studies have emerged suggesting that certain interventions that may be 

successful in improving PM (e.g. compensatory strategies such as a diary, Fleming et 

al., 2005; electronic aids, Wilson et al., 2003; or metacognitive approaches such as 

GMT, Fish et al., 2007). In addition, PM has been associated with the prediction of 

functional outcome in a variety of clinical populations (e.g. HIV, Woods et al., 2011; 

Parkinson’s Disease, Pirogovsky et al., 2012; and schizophrenia, Twamley et al., 

2008). Unfortunately, very few studies have reported both a successful PM 

intervention and recorded improvement in functional outcome in individuals with 

ABI, however, evidence suggests that it is important to consider this relationship. 

Future research should consider those interventions that have shown promise in 

improving PM deficits, and seek to determine whether this, in turn, leads to an 

improvement in functional outcome.  

As reported in the limitations, fatigue and general difficulty completing a 

large assessment battery may have contributed to non-significant, and unexpected 
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findings across studies 2 and 3 (chapters 3 and 4). For future, it would be a worthy 

endeavour to test participants on separate occasions; one completing baseline 

neuropsychological tests, and a second assessing prospective memory. Following this 

initial baseline assessment, participants could then be randomly assigned to 

intervention conditions based on their baseline performance, hence enabling a more 

even distribution of cognitive abilities.  

Furthermore, as briefly discussed above, it may be worth manipulating 

several other variables within the PM experimental task to develop a better 

understanding of the component processes of PM. Given that previous studies have 

suggested that perceived importance can have a significant effect on PM success 

(Kliegel, Martin, McDaniel & Einstein, 2001; Walter & Meier, 2014), a future 

experimental procedure could counterbalance a PM task with differing levels of 

importance. If findings have suggested that individuals with ABI will prioritise one 

task above another, it may be important to determine what characteristics determine 

this prioritisation. Following-on from this concept of prioritisation, it may also be 

important to find a method of determining the consequences of ignoring an ongoing-

task, and to what extent the task will be ignored before it is recognised and managed 

by the participant. As previously mentioned, if an individual is unable to cope with 

the dual nature of PM tasks, the cost to the ongoing task in the presence of a PM task 

can be substantial. Given the results of this study, we have found that this is likely 

true when the ongoing task is of little importance, and there are no consequences to 

not performing the task adequately. A future endeavour could be to manipulate the 

importance of both the ongoing and PM task. This may enable us to determine 

whether participants with ABI will find additional resources to manage both tasks, if 

performance on the PM task will suffer, or if performance on both tasks will decrease 
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due to their attempts to manage the tasks equally. Furthermore, providing a variety of 

experimental conditions, as well as executive function measures, may enable us to 

better understand the cognitive functions require to perform each individual task, as 

specific cognitive deficits may be correlated with specific components of PM 

performance.  

Finally, given the findings of all three studies within this thesis suggesting 

that neuropsychological predictors such as Prospective Memory and Executive 

Functions may indeed predict outcome following ABI, neuropsychological 

assessment following ABI is rare. As such, it would be important to begin to develop 

a brief, test battery that could efficiently screen for, and capture cognitive deficits to 

be able to inform treatment planning and better predict outcome following ABI. This 

could potentially be utilised in a clinical setting, and become common practice for 

healthcare professionals.  

5.7 Conclusion 

Research on prospective memory in ABI populations holds great promise for 

predicting daily functioning and improving everyday functions, given that PM is 

necessary for a large portion of our daily activities. While there is an emerging PM 

literature in clinical populations, this thesis builds on this literature by providing 

support for PM theories, establishing a connection with outcome prediction in ABI, 

and further developing an understanding of the individual components and 

complexities of PM. Importantly, this thesis provides necessary directions for future 

research in this domain, and emphasizes the need to further investigate PM and its 

effect on individuals with ABI. As we develop an understanding of PM following 

ABI, we will better inform our decision-making process, and rehabilitation efforts in 

a population who is in greatest need for our support.  
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Note, if the participant was struggling with any GMT steps, the examiner would 

expand upon the instructions and follow the notes provided under the 

“ELABORATE” heading. If this was required, it would be noted by the examiner on 

the allocation sheet. Otherwise, “ELABORATE” was ignored by the examiner.  

 

“Similar to the previous block of word-nonword trials, we are interested in your 

ability to remember to perform an action in the future. Please press any key to 

proceed.” 

 

“So, if you see a word which represents [a FRUIT / an ANIMAL] in the upcoming 

word non-word task, please press the “X” key (point to “6” key / “X” sticker) and 

NOT the “yes” key.  

 

ELABORATE << “For example, if you saw the word BANANA/DOG, you would 

press the “X” key and not the “Yes” key.”>> 

 

“Do you have any questions?” 

 

“To help you with the tasks, we are now going to provide you with a set of problem-

solving strategies involving 5 steps. Pres any key to begin reviewing the steps.” 

 

Place the GMT flow chart in front of the participant. 

 

“For now, take a few moments to briefly review the 5 steps and the flow chart given 

to you. I will shortly elaborate each step with you.” 

 

Give the participant some time to look at the flow chart, and then press “Q” to 

progress to the next screen.  

 

ELABORATE << Put the GMT example booklet down in front of the participant. 

This booklet should be used for further GMT related elaborations if need be.>>  

 

Gesture to “STOP” on the flowchart and say: 

 

“STOP. In this step, you say “STOP” to yourself to make sure you are on track. 

Think about what you are supposed to be doing and ensure you are not distracted or 

off task.” 

 

ELABORATE << Gesture to the GMT example booklet. “For example, let’s say you 

are watching TV and you remember you need to go see the physio in 30 minutes. 

You don’t need to physically stop everything you are doing, but just think for a 

moment “STOP – what am I doing?”. The purpose of this step is that you pause and 

think about what you are doing, so that you don’t get distracted or carried away by 

other thoughts. In this word-nonword task, you can say “STOP” to yourself and think 

“what am I doing?” to check whether you are on-task.” 

 

Press any key to continue. 

 

ELABORATE << Turn the GMT booklet to the next page>> 

 



 

Appendix 6.A GMT Script Instructions 267 

Gesture “DEFINE” on the flowchart and say: 

 

“DEFINE. In this step, after briefly pausing and asking “STOP, what am I doing?”, 

we define the main task or goal. So, we simply ask “what am I supposed to be doing 

here?” or “what am I trying to achieve?” 

 

ELABORATE << “In this example here, the main task is setting an alarm to remind 

you to go to the physio.”>>  

 

“So, for the current task, you would define the main activity as “make the word-

nonword judgements as well as remember to press the “X” key when needed.” 

 

Press any key to continue.  

 

ELABORATE << Turn the GMT booklet to the next page. >> 

 

Gesture to “LIST” on the flowchart and say: 

 

“LIST. In this step, after defining the main goal, we list the subgoals to achieve the 

main goal.” 

 

ELABORATE << “So in the watching TV example, you would list everything you 

needed to do to set an alarm – get my phone, open the alarm setting, enter the time, 

press okay.”>> 

 

“So, in the current task, you would review in your mind the subgoals or sub-steps.  

Sub-step 1 is to ask yourself “Is the letter string [a FRUIT / an ANIMAL]?” If yes, 

press the “X” key. If not, go to next substep. Sub-step 2. Is to ask yourself “Is the 

letter string a real word?” If yes, press the “Yes” key and if not, press the “No” key.” 

 

Press any key to continue. 

 

ELABORATE << Turn the GMT booklet to the next page. >> 

 

Gesture to “LEARN” on the flowchart and say: 

 

“LEARN. In this step, let’s try to review and consolidate what we have been taught 

in the first 3 steps.”  

 

Allow the participant to verbally recount the steps, correcting them if necessary.  

When the participant has accurately recounted the steps, and what is involved in each 

one, then press any key to progress. 

 

ELABORATE << Prompt them if necessary with: 

“Can you tell me what step 1 is?” 

If they give only the title, e.g. “STOP”, prompt further with: 

“And can you tell me what you must do at that step for this task?” 

Repeat for steps 2 and 3 as necessary. 

*** Record on the allocation sheet whether participant accurately recounted steps 

with or without prompting.>> 
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Gesture to “CHECK” on the flowchart and say: 

 

“CHECK. In this step, we want you to check to see if you are doing what you 

planned to do. If you are on task (for example, making the word-nonword judgments 

and remembering to press the “X” key), then great, keep going. However, if you 

have become distracted (for example, thinking of plans for dinner), use this time to 

get yourself back on task.”  

 

Press any key to move forward. 

 

“Every now and then, a "STOP" sign will appear on the screen for 15 seconds during 

the word-nonword task to remind you to review the 5 steps we have learned. When 

you see the "STOP" sign, please quickly review the steps learned from the beginning 

to the end. Press any key to see the sign.” 

 

Participant will view the stop sign. 

 

“So remember, please review the five steps when you see the “STOP” sign.” 

 

 Press any key to continue. 

 

“To test your understanding of the problem-solving strategies, you will now be 

administered a brief quiz.”  

 

Press any key to begin the quiz. 

 

ELABORATE << “We’re now going to answer some questions about this problem-

solving strategy. You and I will do it together and you can ask me any questions you 

have as we go. Just tell me what answer you think is right.”>> 

 

Read through each question with the participant. Put the numbers in yourself and 

don’t let them get it wrong. 

 If they give you the wrong answer, prompt them to double check their answer 

and think about it. You can reiterate the explanation of the step if you need to (e.g., 

“The purpose of the CHECK step is to ensure we are doing what we planned to do”). 

 If you do get a question wrong, don’t worry. It will repeat the question for 

you at the end so you get a chance to get it right. 

 

Allow participant to complete the quiz. 

 

“To further familiarise you with the strategies, you will now be given some practice 

trials. As before, your task is to do the word-nonword task as well as remember to 

press the “X” key whenever [a FRUIT / an ANIMAL] word appears. Please 

remember to quickly review the steps when you see a STOP sign.” 

 

Press the spacebar to proceed to practice trials. 

 

The practice will start up. Participant completes GMT practice trials. 
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“You have reached the end of the practice. Please press any key to proceed.” 

  

“You will now be given some time to do a different task.”  

 

ELABORATE << “This is the same task as before. Do you remember what you need 

to do?”>> 

 

When the participant understands the instructions, press the “Q” key on the computer 

to begin the 3-minute puzzle timer, as indicated by “…” appearing on the screen. Get 

the participant to start doing the puzzles and provide them with a new set if they 

finish before 3 minutes is up (note: if you need to skip past the three-minute timer for 

any reason, press “Q”). 

 

 “Go ahead.” 

 

After three minutes, the computer screen will change. When the time is up, say: 

 

“You may stop solving the puzzles.”  

 

Remove the paper from their view.  

 

“Please press any key to proceed with the word-nonword task.” 

 

Allow the participant to finish the task. Redirect them to the task if they have 

difficulty paying attention.  

*** Note on the allocation sheet if you need to do this. Make a note on the allocation 

sheet of any problems the participant experienced, any pertinent observations of 

effort or engagement, or other relevant remarks.  

 

Ensure that the program is closed so that the data will be saved. 
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Abbreviation Meaning 

ABI Acquired Brain Injury 

PM Prospective Memory 

TBI Traumatic Brain Injury 

MPT Multi-Process Theory 

PAM Preparatory Attentional and Memory Theory 

GMT Goal Management Training  

II Implementation Intentions 

EF Executive Functions 

ADL Activities of Daily Living 

IADL Instrumental Activities of Daily Living 

BADL Basic Activities of Daily Living 

QoL Quality of Life 

TB Time-based 

EB Event-based 

LD/LDT Lexical decision task 

RT Response time 

PRMQ Prospective/Retrospective Memory Questionnaire 

MPAI Mayo-Portland Adaptability Inventory 
Note: Abbreviations in order of their appearance in text. 

 




