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Abstract 

Following an acquired brain injury (ABI), an individual can experience 

significant cognitive, emotional, social, and behavioural dysfunction. These 

persisting impairments may affect functional outcome – that is, the ability to return 

to work or study, engage in social relationships, leisure activities, and live 

independently. One skill often cited as having a significant negative impact on 

functional outcome is executive functioning. Executive functioning refers to a series 

of different but related higher-level cognitive process related to the prefrontal cortex, 

which is often disrupted following ABI, as the frontal lobes and associated 

subcortical connections are particularly vulnerable. However, executive functioning 

is often poorly defined and inadequately measured, meaning that many executive 

skills are overlooked in the existing literature. Specifically, more recent 

conceptualizations of executive functioning have distinguished between hot and cold 

executive processes. Hot executive functions refer to emotional and motivational 

processes that guide behaviour such as emotional regulation, understanding risk, 

weighing up reward and punishment, and delaying gratification. An example of 

measurement of hot executive functioning is the Iowa Gambling Task (IGT), which 

is a measure of risky decision making thought to be sensitive in detecting changes 

following lesions to the ventromedial prefrontal cortex, insula, amygdala, and 

associated subcortical tracts. These neural regions have been posited to be associated 

with hot executive impairment. In contrast, cold executive functions refer to logical 

processes that require little emotional processing, such as shifting between different 

mental ideas or sets, or updating information in working memory. Existing literature 

in ABI has tended to focus on these cold functions, and hot executive processes have 
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been largely overlooked when examining the impact of executive dysfunction on 

functional outcomes.  

Given the above, the empirical chapters of this thesis address four questions: 

1) How well do traditional measures of executive functioning predict functional 

outcome following ABI; (2) Is the IGT, as a measure of hot executive functioning, 

sensitive to the effects of ABI; (3) Is there a typical pattern of performance on the 

IGT following ABI?; and (4) Does performance on the IGT predict functional 

outcome following ABI over and above traditional measures of cold executive 

function?  

This thesis examined existing literature on neuropsychological predictors of 

outcome following traumatic brain injury (TBI), with a focus on executive functions. 

An empirically-derived theoretical model of executive functioning was utilized in 

Study 1 to define tests of executive functioning used in the previous literature. Meta-

analytic techniques were used to demonstrate that set shifting and generativity were 

significant predictors of functional outcome (as measured by the Glasgow Outcome 

Scale-Extended), along with measures of verbal memory and visuo-spatial 

construction. Only generativity was significantly related to the Disability Rating 

Scale. This provided support for the utility of tests of executive functioning in 

predicting functional outcome. However, it highlighted that little is known about hot 

executive functioning and functional outcome following ABI.  

In Study 2, performance on the IGT was explored for a diverse group of 

people with ABI due to mixed aetiologies, as previous literature has been mostly 

limited to people with lesions to specific areas of the brain. The IGT demonstrated 

strong sensitivity and specificity in identifying people with ABI compared to healthy 

individuals. Furthermore, Study 2 examined the pattern of performance and level of 
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impairment on the IGT following ABI. It demonstrated that, on average, people with 

ABI performed approximately two standard deviations below a demographically 

similar normative sample.  

Finally, in Study 3, the relationship between the IGT and self-reported 

functional outcome was explored in the context of cold executive functions. Cold 

executive functions were not significant predictors of outcome. Unexpectedly, we 

found that poorer performance on the IGT was predictive of better self-reported 

functional outcome. The impact of self-awareness and insight and the relationship 

between self-awareness and insight and hot executive functioning were explored as 

potentially accounting for this finding. The need for multidimensional assessment of 

outcomes, including informant and clinician rating scales was further discussed. 

In conclusion, this thesis aimed to explore executive functioning following 

ABI, with a particular focus on hot executive functioning as a promising novel skill 

that has received little attention in the adult ABI literature. The results of this thesis 

contribute to the broader theoretical and clinical understanding of hot executive 

functioning following acquired brain injury and laid a groundwork for future 

research in this area, with strong recommendations for further exploration of this 

promising area of study. 
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1.1 Acquired Brain Injury 

Acquired brain injury (ABI) refers to any brain injury that occurs after birth. 

ABI may occur due to traumatic injury (Traumatic Brain Injury, or TBI) such as 

what may occur in a motor vehicle accident or assault, or due to a wide variety of 

other causes such as cerebrovascular accident, viral or bacterial infection, or 

exposure to neurotoxic substances. Regardless of aetiology, ABI is a leading cause of 

death and disability. Though it is difficult to establish the exact prevalence of ABI 

partly due to under-reporting of mild injuries (Hyder & Wunderlich, 2007), in 2003 it 

was estimated that 1 in 45 Australians (2.2% of the population) live with an ABI, a 

majority of whom are under 65 years old (Australian Institute of Health and Welfare, 

2007). Estimates of ABI worldwide vary considerably, ranging from .3% of people 

in China living with a TBI (Khan, Prince, Brayne, & Prina, 2015) to 16.4% in 

Canada (Ilie et al., 2018), with many studies highlighting the difficulties in collecting 

accurate prevalence data due to under-reporting of injuries, no centralized databases 

and discrepancies between studies in the definition of ABI (e.g., Dewan et al., 2018). 

It is thought that lower-middle income countries such as Southeast Asian and 

Western Pacific nations experience the highest rate of traumatic injuries (Dewan et 

al., 2018). 

Of those living with complicated mild, moderate, and severe injuries in 

Australia, approximately 36% experience a severe or profound limitation of activities 

due to ABI, with many others experiencing less severe disability following their 

injury (Australian Institute of Health and Welfare, 2007). Those with ABI also 

reported multiple disabilities, with 80% reporting a physical disability, 42% 

reporting a psychiatric disability, 39% reporting sensory or speech disabilities, and 

29% reporting intellectual disabilities. There was also a higher reporting of comorbid 
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health conditions in those with ABI compared to people with other disabilities 

(Australian Institute of Health and Welfare, 2007). Thus it is clear to see that ABI 

can have a marked disabling effect on the individual, and it is thought that, by 2020, 

TBI will become a leading cause of death and disability across the lifespan (Hyder & 

Wunderlich, 2007), with stroke being the third leading cause of disability worldwide 

(Johnson, Onuma, Owolabi, & Sachdev, 2016). It was estimated that 69 million 

people worldwide would experience a TBI each year (Dewan et al., 2018) and that 

the lifetime risk of stroke has increased to 24.9% globally (Gorelick, 2019). 

The above impairments following ABI are associated with significant 

physical, social, emotional, and cognitive disability (Ponsford, 2013) that represent a 

significant cost to the individual, their families, society, and the healthcare system. 

This is especially important given the young age of ABI survivors, with almost three 

quarters of people with ABI in Australia under the age of 65 (Australian Institute of 

Health and Welfare, 2007), and with more people surviving brain injuries due to 

improved clinical and policy interventions (Faul & Coronado, 2015). There are 

significant immediate medical costs in addition to the loss of productive activity and 

the cost of long term care (Berg, Tagliaferri, & Servadei, 2005). The lifelong cost per 

case of TBI in Australia is thought to be $2.5 million for moderate injuries and $4.8 

for severe injuries, with the greatest costs (64.9%) worn by the individual and their 

families as well as the state governments (19.1%; Access Economics Pty Limited, 

2009). Significant public funding has also gone to addressing issues related to ABI. 

In 2006, the Council of Australian Governments launched a 5-year $244 million 

program to tackle the issue of young people with disability living in nursing homes, 

many of whom have a disability due to ABI (Winkler, Farnworth, & Sloan, 2013). 
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Thus, it is clear that recovering from ABI has far-reaching consequences that impacts 

all levels of society. 

Given the level of disability experienced and the associated financial costs, it 

is important to focus on the prediction of functional outcomes following ABI. This 

allows for a greater understanding of the impact of specific skills on recovery 

following an injury and allows for the tailoring of unique rehabilitation programs to 

match the individuals’ needs. The importance of predicting functional outcomes, that 

is a persons’ ability to live independently and engage in social relationships, leisure 

activities, study and/or employment following ABI generally and TBI more 

specifically, has been emphasized in the literature (e.g., Brooks, McKinlay, 

Symington, Beattie, & Campsie, 1987; Girard et al., 1996; Ponsford, Draper, & 

Schonberger, 2008; Tate & Broe, 1999). Prediction of long-term brain injury 

outcomes allows clinicians to establish prognosis, which many health practitioners 

believe is important when determining treatment (Perel et al., 2008). It may also 

allow for the development of rehabilitation programs and techniques guided by 

promising predictors, as well as informing insurance payouts and financial planning 

to predict long-term needs. 

Studies investigating predictors of brain injury outcome have typically 

centred on pre-injury and injury characteristics, as they can be determined close in 

time to injury (Steyerberg et al., 2008). Injury severity has been shown to be one of 

the strongest predictors of a range of short and long-term outcomes including level of 

disability, return to work, and quality of life (e.g., Atchison et al., 2004; Cattelani, 

Tanzi, Lombardi, & Mazzucchi, 2002; Dawson, Schwartz, Winocur, & Stuss, 2007; 

Sigurdardottir, Andelic, Roe, & Schanke, 2009; Spitz, Ponsford, Rudzki, & Maller, 

2012; Tate & Broe, 1999). For example, length of post-traumatic amnesia (PTA; the 
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transient confusion and disorientation following TBI and a commonly used measure 

of injury severity) was found to account for 17% of the variance in a measure of 

participation and independence in work and daily living in adults. A variety of other 

pre-injury factors have been shown to be predictive of outcome to varying degrees. 

Age is most commonly cited as one of the strongest predictors, with older age being 

associated with poorer functional outcome across a range of studies (Brooks et al., 

1987; Leśniak et al., 2008; Mushkudiani et al., 2007; Perel et al., 2008; Pohjasvaara, 

Vataja, Leppavuori, Kaste, & Erkinjuntti, 2002). Other significant predictors 

associated with poorer functional outcomes following ABI include female gender 

(Farace & Alves, 2000), lower levels of pre-injury education and employment 

(Ponsford et al., 2008), lower levels of family and social support (Curtiss, Klemz, & 

Vanderploeg, 2000; Sander et al., 2002), and pre-injury substance abuse (Corrigan, 

1995), although conclusions from the latter are contentious due to a variety of studies 

citing no (or minor) effects and generally small sample sizes (cf. Drubach, Kelly, 

Winslow, & Flynn, 1993; Jong, Zafonte, Millis, & Yavuzer, 1999). 

Neuropsychological predictors also show promise as important predictors of 

outcome following ABI. This area of research is important as people with ABI often 

require assistance and support with cognitive and emotional tasks (Australian 

Institute of Health and Welfare, 2007). There are promising initial findings in this 

area, with many neuropsychological dimensions proposed to be predictors of 

functioning outcome following ABI. Attention (e.g., Ross, Millis, & Rosenthal, 

1997), speed of information processing (e.g., Girard et al., 1996), orientation to 

place, time, and date (e.g., Atchison et al., 2004), visuo-spatial processing (e.g., 

Boake et al., 2001), verbal memory (e.g., Rassovsky et al., 2006), and executive 
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functioning (e.g., Dawson et al., 2007) have all been proposed as promising 

predictors of outcome.  

1.2 Executive Functioning 

This section will focus on executive functioning, as they are among the most 

promising neuropsychological predictors of functional outcome. Models of executive 

functioning overwhelmingly support a multiple dimension theory of executive 

functioning (e.g., Miyake et al., 2000). That is, executive functioning is often 

conceptualized as a collection of different but related skills rather than one discrete 

concept. Single case studies have also shown the separability of dimensions of 

executive functioning, with individuals showing impaired performance on tasks of 

some executive skills but not others (for a review, see Collette, Hogge, Salmon, & 

Van der Linden, 2006). This is further supported by the model of distinct prefrontal 

syndromes that produce different patterns of executive and behavioural impairment 

(Scott & Schoenberg, 2011). Despite this, studies investigating cognition following 

ABI have often examined the effects of executive functioning seen as a single 

construct, rather than separable dimensions. The remainder of this chapter will 

briefly review models of executive functioning including Baddeley and Hitch’s 

(1974) model of working memory, the Supervisory Attentional System (Norman & 

Shallice, 1986), and models arising from Miyake et al.’s (2000) multicomponent 

theory of executive functioning. I will then expand upon a more recent 

conceptualization of executive functioning, that is, hot executive functioning 

(Brevers, Bechara, Cleeremans, & Noël, 2013; Brock, Rimm-Kaufman, Nathanson, 

& Grimm, 2009; Chan, Shum, Toulopoulou, & Chen, 2008). 

Baddeley and Hitch (1974) proposed an influential multi-component model 

of the executive aspects of working memory. They proposed working memory has 
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three separate but interacting systems: the phonological loop, the visuo-spatial 

sketchpad, and the central executive. That is, that the central executive acts as an 

attention control system that co-ordinates, integrates, and updates information from 

two separate short-term storage systems: the visuo-spatial sketchpad (responsible for 

visually presented material) and the phonological loop (responsible for verbal and 

auditory information). A fourth component, the episodic buffer, was later added 

(Baddeley, 2007) which is a passive store capable of holding episodes of information 

that combines auditory and visual information, in addition to information from other 

senses such as smell and taste.  

Another multi-component model of executive functioning that is relatively 

popular in the literature is the Supervisory Attentional System (SAS; Norman & 

Shallice, 1986). In this model, the regulating, programming, and verifying of human 

actions involves two systems: contention scheduling and supervisory attentional. The 

contention scheduling system is required for routine information and behaviours. On 

the other hand, the supervisory attentional system is responsible for novel or non-

routine tasks. Norman and Shallice (1986) proposed five situations where the 

contention scheduling system would not be sufficient. These are situations that 

involve planning or decision-making, error correction or troubleshooting, where 

responses are not well-learned, when there is an anticipation of danger, or when an 

individual must override a habitual response or resist temptation. More recently, 

Burgess et al. (2000) added the sixth component of multitasking to this model. 

While the two models described above are often discussed in the literature, 

possibly the most well-known and commonly adopted model of executive 

functioning is Miyake et al.'s (2000) empirically supported multi-dimensional model 

of executive function (Friedman & Miyake, 2017; Miyake & Friedman, 2012). The 
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original model consisted of three latent variable analysis-derived dimensions of 

executive functioning: 1) shifting back and forth between tasks, operations, or mental 

sets; 2) updating of information in working memory; 3) controlled inhibition of 

automatic or pre-potent responses. Neuroanatomical investigations of executive 

functioning further support the role of these skills as different yet related dimensions 

(Collette et al., 2006; Wager, Jonides, & Reading, 2004).  

Miyake et al.’s (2012; 2000) model was then expanded upon by Adrover-

Roig, Sesé, Barceló, and Palmer (2012) and Fisk and Sharp (2004) and a further 

dimension was included: generativity involving the ease and efficiency of access to 

long term memory stores as measured by tests of verbal fluency and random number 

generation. Finally, a fifth component of fluid reasoning involving novel problem 

solving, complex higher-order abstraction, and reasoning was identified (e.g., Olaithe 

& Bucks, 2013) though this is not consistently included in neuropsychological 

literature. Fluid reasoning has been identified as a component of executive 

functioning in neuropsychological theory more generally (Greve et al., 2002; Lezak, 

2004; Strauss, Sherman, & Spreen, 2006) and is commonly measured in 

neuropsychological test batteries in tasks such as clock drawing tasks, the Porteus 

Maze task, and Matrix Reasoning. Furthermore, these tasks have been linked to 

dlPFC functioning (Fisk & Sharp, 2004; Perfetti et al., 2009). 

While Miyake et al.’s (2012; 2000) model of executive functioning has been 

well-adopted by the broader neuropsychological literature, factor analysis studies are 

mixed in their support for the model. Miyake et al.’s (2000; 2012) model has been 

supported in paediatric (Lehto, Juujarvi, Kooistra, & Pulkkinen, 2003), adult 

(Friedman et al., 2006), and older adult samples (Vaughan, 2008). However, other 

studies have failed to find a separable inhibition or working memory factor (Ito et al., 
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2015; van der Sluis, de Jong, & van der Leij, 2007; Van der Ven, Kroesbergen, 

Boom, & Leseman, 2013). Furthermore, factor analysis studies have highlighted the 

independence of neurobehavioral features of executive dysfunction that may not be 

captured by most traditional tests of executive dysfunction such as positive and 

negative affect (Burgess et al., 1998), prospective memory (Testa, Bennett, & 

Ponsford, 2012), strategy generation (Testa et al., 2012), and intentionality and self-

monitoring (Burgess, Alderman, Evans, Emslie, & Wilson, 1998; Testa et al., 2012). 

Thus, the above-described model of executive functioning is not exhaustive (Miyake 

et al., 2000; 2012) and components of executive functioning may be overlooked by 

focusing solely on skills included in the expanded Miyake et al., (2000; 2012) model. 

1.3 Executive Functioning Impairment Following ABI 

The impact of executive functioning on outcome is particularly interesting, in 

part due to prevalence of executive impairments following ABI. ABIs often lead to 

executive functioning impairments, as the frontal lobes and their associated circuitry 

are often impacted by both TBI and strokes. In cases of TBI, the frontal lobes are 

particularly vulnerable (Rabinowitz & Levin, 2014). Focal contusions on the brain 

are most likely to occur in anterior (frontal and temporal) regions, where the brain 

tissues is directly adjacent to bony ridges on the interior base of the skull (Gennarelli 

& Graham, 1998). Diffuse axonal injuries, where the brain twists and rotates in the 

skull shearing axons, are also common in acceleration-deceleration injuries and result 

in disrupted subcortical circuits integral for executive functioning (Andrés, 2003; 

Stuss & Alexander, 2000). Following a stroke, which is the most common form of 

non-traumatic ABI (Feigin, Barker-Collo, Krishnamurthi, Theadom, & Starkey, 

2010), the frontal lobes are also particularly vulnerable as they rely on both the 

anterior and middle cerebral arteries for their blood supply (Petersen, Eslinger, 
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Reichwein, & Marshall, 2012), and the middle cerebral artery is commonly affected 

by cerebrovascular disease (Adams & Ropper, 1997). Furthermore, subcortical areas 

are particularly vulnerable in cerebrovascular disease (Bombois et al., 2007), putting 

people at risk of disrupted connections between the above-described areas (Hoffman, 

Schmitt, & Bromley, 2009). Following on from this, there is considerable evidence 

for executive functioning impairments following both traumatic (e.g., Bamdad, 

Ryan, & Warden, 2003; Spitz et al., 2012; Zappalà, Thiebaut de Schotten, & 

Eslinger, 2012) and acquired injuries (e.g., Pohjasvaara, Leskela, et al., 2002; Zinn, 

Bosworth, Hoenig, & Swartzwelder, 2007), with studies showing that impairments 

can be relatively permanent as they continue to impact individuals at least ten years 

after their injury (Ponsford et al., 2008; Wood & Rutterford, 2006). 

One of the most common conceptualizations of the anatomy underlying 

executive functioning is of three prefrontal circuits. These circuits operate in tandem 

yet have separate tracts and connections with the rest of the brain (Scott & 

Schoenberg, 2011; Tekin & Cummings, 2002). The three prefrontal circuits are as 

follows (summarized from Scott & Schoenberg, 2011): 

• The Dorsolateral Prefrontal Cortex (dlPFC) Syndrome: The dlPFC is anterior 

to premotor areas. Damage to the dlPFC leads to an executive dysfunction 

syndrome that primarily involves traditional executive functions such as set 

shifting,  response inhibition, problem solving, working memory, reasoning, 

sequencing, and persistence.  and response inhibition. An episodic memory 

deficit may be seen due to problems with strategy use and temporal sequencing. 

People with a dlPFC syndrome often appear depressed and apathetic but may 

also have difficulty with emotional regulation when emotionally aroused.  
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• The Ventromedial Prefrontal Cortex (vmPFC) Syndrome: The vmPFC refers 

to the area of the brain directly above the orbit, or eye socket (Dunn, Dalgleish, 

& Lawrence, 2006) and is often used interchangeably with orbitofrontal cortex 

(Bechara, 2016). Damage to the vmPFC can produce  a disinhibited syndrome 

that is sometimes also referred to as pseudopsychopathy. This can lead to 

problems with behavioural disinhibition, impulsivity, inappropriate sexual 

behaviour, and verbal outbursts. They may appear to have little empathy, and 

demonstrate risky behaviours and difficulties with emotional regulation and 

decision making. Furthermore, people with vmPFC damage often have a lack 

of insight, particularly into their social behaviours though may be able to 

reason through social problems (Eslinger & Damasio, 1985). People with 

lesions to the vmPFC often perform normally on traditional 

neuropsychological tests of intelligence and executive functioning.  

• Medial Frontal Prefrontal Cortex (mfPFC) Syndrome: The mfPFC refers to the 

area of cortex between the two frontal hemispheres. People with mfPFC 

damage often present with a lack of initiation, lethargy, and akinesia. This can 

result in a complete lack of initiation in speech or behaviour and incontinence. 

They may have restricted emotional responses. However, when requested to 

perform specific tasks, people with mfPFC damage may respond appropriately. 

Memory can be severely impaired, and confabulation is common. 

As can be seen from the above, a wide range of executive symptomology can 

arise from prefrontal cortex damage, including more traditional executive 

functioning impairment, severe apathy and lack of initiation, and behavioural 

disinhibition. However, further to this, these areas also have connections to other 

cortical, subcortical, and brain stem sites including the parietal and temporal lobes, 
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the insula, and the cingulate cortex (Collette, Hogge, Salmon, & Van der Linden, 

2006). While there is a strong link between executive functioning and prefrontal 

cortex functioning, the terms executive functioning and frontal functioning are not 

interchangeable (Stuss & Alexander, 2000). As such, measures of executive 

functioning are sensitive to certain types of frontal damage but not specific to it 

(Alvarez & Emory, 2006) and executive dysfunction can arise from disruption to the 

connections to these prefrontal circuits, rather than damage solely to the prefrontal 

cortex alone.  

1.4 Executive Functions as Predictors of Outcome 

Executive functioning has shown much promise as predictors of functional 

outcome following ABI. In a study of 111 people with moderate to severe TBI, 

executive functioning (as measured by the Zoo Map Test, Trail Making Test B, and 

Working Memory Index from the WMS-III) was more predictive of functional 

outcome (measured by the Mayo-Portland Adaptability Inventory) than demographic 

measures, explaining an additional 37% of the variance within individuals and 11% 

of the variance between individuals compared to demographic and injury related 

variables (Spitz et al., 2012). The authors concluded that executive functions may be 

particularly important as they can be used to compensate for other difficulties (e.g., 

by using strategies for memory problems) and have a far-reaching impact on social 

activities and everyday activities. Other studies have further highlighted the 

importance of executive functioning in functional outcome. Atchison et al., (2004) 

showed that better performance on tests of set shifting (in addition to verbal memory, 

orientation, and demographic factors) predicted return to work in a sample of 518 

people with mild to severe TBI one year following their injury. Furthermore, Millis, 

Rosenthal and Lourie (1994) demonstrated a relationship between set shifting and 



Chapter 1: Neuropsychological Functioning Following Acquired Brain Injury in Adults 37 

community integration, and Reid-Arndt, Nehl, and Hinkebein (2007) showed a 

relationship between neurobehavioral features of executive dysfunction and 

community integration. Relationships between functional outcome measures and 

other dimensions of executive functioning have also been established, including 

between working memory updating (Wood & Rutterford, 2006), generativity and 

inhibition (Hanks, Rapport, Millis, & Deshpande, 1999; Krpan, Levine, Stuss, & 

Dawson, 2007), and fluid reasoning (Ponsford et al., 2008). 

Despite this evidence, it is difficult to draw conclusions across studies. There 

is a lack of consensus regarding the definition of executive functioning, leading to 

confusion within the literature as to what certain neuropsychological tests are 

measuring and the relationships between dimensions. For example, Trail Making 

Test B has been described in a number or ways, including a test of cognitive 

flexibility (Millis et al., 1994), motor speed (Atchison et al., 2004), memory and/or 

processing speed (Sigurdardottir et al., 2009), to just ‘executive functioning’ 

generally (Boake et al., 2001). This poor specification makes it difficult to 

understand and compare the effects of studies to one another, as many studies report 

an overall effect of executive functioning rather than distinguishing specific 

dimensions within the construct (Krpan et al., 2007). Interpreting the tests within a 

theory-driven model of executive functioning (e.g., as proposed by Miyake et al., 

2000) as different but related constructs would allow for a greater understanding of 

specific deficits and their predictive abilities. However, as described above, by only 

looking at executive functions described in existing models, other important 

dimensions of executive functioning could be overlooked. 
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1.5 Hot Executive Functioning 

Given the variety of symptoms that can occur due to executive functioning 

impairment, conceptualizations of executive functioning have proposed a distinction 

between hot and cold executive functions (Chan et al., 2008). While this 

conceptualization is common in paediatric literature (e.g., Skogli, Egeland, 

Andersen, Hovik, & Øie, 2014), it has not received much attention in the adult ABI 

literature (e.g., Buelow & Suhr, 2009; Fonseca et al., 2012). Hot executive functions 

require emotions, beliefs, and desires (Chan et al., 2008), and are used in situations 

that require the ability to monitor oneself for socially acceptable behaviour, inhibit 

impulsive reactions in social situations, weigh up short term gains against long term 

losses, understand reward and punishment, delay gratification, or regulate emotional 

reactions (Brevers et al., 2013; Brock et al., 2009; Chan et al., 2008). Tasks that 

demand such hot executive functions are often ones that include affective decision 

making or demand flexible and dynamic appraisals of a stimulus (Zelazo & Muller, 

2002). It is often thought these tasks are related to vmPFC functioning (Chan et al., 

2008). This contrasts with cold executive functions, which typically refer to logical 

skills including sequencing, planning, set shifting, and response inhibition (Chan et 

al., 2008). Cold executive functions are used in situations that required logic and 

very little emotional arousal (Grafman & Litvan, 1999) and have traditionally been 

linked to dlPFC functioning (Chan et al., 2008; Zelazo & Muller, 2002). It has been 

postulated that successful executive functioning comes from an integration of both 

hot and cold executive functions (Brevers et al., 2013) as hot executive functions 

may be required to first control emotional reactions and inhibit behaviours during 

tasks so that cold functions can be employed to reason and problem solve (Giancola, 

Godlaski, & Roth, 2012). 
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1.5.1 Hot Executive Functioning and ABI 

Hot executive functioning disturbance following ABI is commonly linked to 

the damage to the vmPFC (Chan et al., 2008), though not specific to it (e.g., Cardoso 

et al., 2014) and many of the studies of hot executive functioning impairment 

following ABI have focused on people with damage to the vmPFC.  

Case studies of patients with vmPFC damage describe significant personality 

change including impairments in decision making and the ability to weigh up risk. 

One of the most famous historical case studies is that of Phineas Gage (Harlow, 

1848). Phineas Gage was a railway worker who survived an explosion that resulted 

in a 109cm tamping iron penetrating his skull (Sanfey, Hastie, Colvin, & Grafman, 

2003). When reconstructed through modern modelling techniques based on the 

measurements from Phineas Gage’s skull, it was thought his lesion likely included 

the vmPFC, though it is not clear whether this was a left sided lesion or whether it 

extended bilaterally (Bechara, 2016; Damasio, 1994). Prior to his injury, Phineas 

Gage was described as popular and well-liked, and as a responsible person. 

Following the accident, he demonstrated normal intelligence, memory, and 

movement following the injury. However, reports describe that Phineas Gage 

demonstrated a marked personality change and was described as being 

untrustworthy, irresponsible and impatient, making a number of decisions that were 

unlike what he had previously chosen (Bechara, 2016). 

More recently, the case of EVR (Eslinger & Damasio, 1985) highlighted the 

personality changes seen after vmPFC injury. At 35 years old, EVR underwent 

bilateral orbitofrontal/vmPFC resection of a meningioma. Prior to the surgery, EVR 

was described as having a good sense for business, and being financially successful, 

he was a respected community leader and had had a long and stable marriage to his 
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wife. Following the surgery, EVR displayed profound personality change. He 

divorced his wife and quickly entered into a second short-lived marriage. He entered 

a series of disastrous business ventures, endured financial loss, and was unable to 

maintain stable employment as his employers complained he was disorganized 

(Rosenbloom, Schmahmann, & Price, 2012). EVR was described as consistently 

deciding against his best interest, and being unable to learn from his mistakes, with 

his decisions repeatedly leading to negative consequences. He ultimately returned to 

live with his parents (Rosenbloom et al., 2012). However, on traditional 

neuropsychological measures of intelligence, memory, inhibition, problem solving 

and fluid reasoning, his performance was in the average to superior range. He 

demonstrated the ability to reason through social problems and ethical dilemmas, yet 

in his everyday life he was described as being insensitive to the future, or not 

foreseeing the consequences of his actions (Bechara, Damasio, Damasio, & 

Anderson, 1994). 

Numerous studies have since investigated the changes following vmPFC 

damage, often labelling the resulting symptoms as “pseudopsychopathy” (Blumer & 

Benson, 1975) or “acquired sociopathy” (Eslinger & Damasio, 1985). People with 

damage to this area are thought to exhibit personality change, apathy, disinhibition, 

inappropriate or blunt social conduct, and difficulties making personally advantageous 

choices including who to enter social or romantic relationships with and profound 

decision making changes (Blumer & Benson, 1975; Damasio, 1996). People with 

vmPFC lesions often make decisions that lead to social or financial loss (Damasio, 

1996), and exhibit social cognition changes such as being overfamiliar or changes in 

emotional expression (including decreases in the feeling of negative emotions; 

Hornak, Rolls, & Wade, 1996), and confabulation (Benson et al., 1996). One such 
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study investigated the personality changes in seven participants with bilateral vmPFC 

lesions compared to others with other types of prefrontal cortex lesions (e.g., 

dorsolateral) and other non-PFC lesions (Barrash, Tranel, & Anderson, 2000). By 

comparing people with vmPFC lesions to other forms of ABI on questionnaires 

regarding social behaviours and personality, the authors concluded that vmPFC lesions 

were associated with an acquired personality disturbance that could not be attributed 

to the impact of a brain injury more generally. The acquired personality changes 

specific to those with vmPFC lesions included (Barrash et al., 2000): 

• A general dampening of emotional experience – that is, apathy, low emotional 

expressiveness, and inappropriate affect such as a lack of concern regarding 

experiences where an emotional reaction would be expected; 

• Poorly modulated emotional regulations, including irritability and a poor 

frustration tolerance; 

• Disturbances in decision making such as indecisiveness, poor judgement, and 

social inappropriateness. This was particularly marked in social decision 

making; 

• Deficits in goal directed behaviour, such as poor planning and reduced 

initiation, and; 

• A lack of insight into these personality changes. 

Barrash et al., (2000) concluded that these symptoms were a change in their 

premorbid functioning and appeared to continue to impact the participants up to 10 

years following the injury. Despite these marked difficulties in everyday life, people 

with damage specific to the vmPFC often do not show changes on standard 

neuropsychological measures (Schneider & Koenigs, 2017). It is possible these 
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changes are due, in part, to changes in hot executive functioning as they reflect 

motivational and emotional changes. Hence, neuropsychological batteries focused on 

cold executive functions may not detect such changes. 

1.5.2 Measuring Hot Executive Functioning 

Cold executive functions are captured in existing models of executive 

functioning (e.g., Miyake et al., 2000) while hot executive functions have been 

largely overlooked. It is possible that this is due to the scarcity of measurement tools. 

There are very limited clinical measures of hot executive functioning, with the most 

commonly used measure being the Iowa Gambling Task (IGT). This is a risky 

decision making task utilizing delayed reward and punishment schemes, thought to 

be sensitive to vmPFC dysfunction (Bechara, 2007). The IGT will be described in 

detail in Chapter 3 of this thesis. Clinical questionnaires tapping self-regulatory and 

emotional regulation behaviours such as the Behavior Rating Inventory of Executive 

Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000) or the Dysexecutive 

Questionnaire from the Behavioral Assessment of the Dysexecutive Syndrome 

battery (BADS; Wilson, Alderman, Burgess, Emslie, & Evans, 1996) are also used to 

detect hot executive functioning impairment (e.g., Burgess et al., 1998; Hagen et al., 

2016). There are numerous laboratory paradigms that have further been utilized such 

as the Balloon Analogue Risk Task (Lejuez et al., 2002), the Cambridge Gamble 

Task (Rogers et al., 1999) and the Game of Dice (Brand et al., 2005), though these 

do not have published normative data. In paediatric populations, laboratory-based 

measurements have included measures of delayed gratification such as asking 

children to turn their backs while a present is wrapped for them (e.g., Brock et al., 

2009; Carlson, 2005; Duckworth & Seligman, 2005). Laboratory-based tasks in 

adults have often utilized affective decision making paradigms such as risky decision 
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making (Fukui, Murai, Fukuyama, Hayashi, & Hanakawa, 2005; Rogers et al., 1999), 

delay discounting paradigms (Monterosso et al., 2007), or incorporating positive and 

negative feedback into a guessing task performance (Elliott, Frith, & Dolan, 1997).  

1.5.3 Hot Executive Functioning and Functional Outcome 

Given that hot executive functions are not routinely investigated in 

definitions and models of executive functioning, they are likely overlooked by much 

of the executive functioning literature following ABI. Namely, executive functioning 

literature in this field appears to have focused predominantly on cold executive 

functions such as shifting (e.g., Atchison et al., 2004), and hot executive functioning 

(e.g., as seen in those with vmPFC injuries) is often not addressed. This is 

particularly important when discussing functional outcome following ABI, as case 

studies have documented significant problems in a person’s work and personal life 

following vmPFC injury, in the absence of significant cold executive functioning 

impairment (e.g., Eslinger & Damasio, 1985). This is further supported by studies 

that find no relationship between hot executive tasks (such as the IGT) and 

traditional measures of cold executive functioning following cerebrovascular 

accidents (Cardoso, Branco, Cotrena, & Fonseca, 2015). As such, there may be a 

large component of executive functioning that is overlooked by the current literature, 

representing a significant gap in the current literature. 

Despite hot executive functioning not routinely being studied in this 

literature, it shows some promise in predicting functioning outcome following ABI. 

Levine et al., (2005) found significant moderate correlations between the IGT and 

self-rated everyday executive functioning behaviours following TBI in adults. 

However, their study did not explore the predictive utility of the IGT, nor its 

relationship with functional outcomes such as return to work or social relationships, 
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thus this relationship is yet to be established. Furthermore, Rebetez, Rochat, 

Ghisletta, Walder, and Van Der Linden (2015) investigated the relationship between 

family-rated changes in urgency (which they defined as the tendency to experience 

strong reactions in the presence of negative affect) and psychosocial outcome (as 

measured by the Glasgow Outcome Scale-Extended) following severe TBI in adults. 

They concluded that the relationship between urgency and outcome was mediated by 

emotional/behavioural hyperactivation (defined as agitation, emotional lability, 

irritability, disinhibition, hostility and suspiciousness). This model explained 25% of 

the variance in outcome, and it is clear that tasks assessing more emotional and 

motivational executive functions (i.e., hot executive functions) warrant further 

exploration.  

Furthermore, other populations with prefrontal cortex disruption have 

supported the utility of hot executive functions in predicting real world outcomes. 

For example, in children with moderate to severe TBI, the Global Executive 

Composite (GEC) from the BRIEF was a significant unique predictor of parent-rated 

adaptive functioning and behavioural problems as well as family functioning and 

parent distress (Mangeot, Armstrong, Colvin, Yeates, & Taylor, 2003). Poorer hot 

executive functioning (as measured by the GEC on the BRIEF) has been associated 

with poorer social competence following severe TBI in children (Ganesalingam et 

al., 2011). Furthermore, a small to moderate relationship between risky decision 

making (as measured by the IGT and similar tasks) and relapse in pathological 

gambling has been demonstrated, with greater levels of hot executive functioning 

impairment associated with a greater risk of relapse (Domínguez-Salas, Díaz-

Batanero, Lozano-Rojas, & Verdejo-García, 2016). The IGT and Cambridge Gamble 

Task were also independent predictors of relapse in people with opiate addiction 
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(Passetti, Clark, Mehta, Joyce, & King, 2008). Finally, a relationship between hot 

executive functions and real-world outcomes have been demonstrated in population-

based studies, including greater hot executive functioning abilities being associated 

with greater academic outcomes in young children (Graziano, Reavis, Keane, & 

Calkins, 2007; Howse, Calkins, Anastopoulos, Keane, & Shelton, 2003); and hot 

executive functioning accounting for more variance in grades than intelligence in 

school-aged children (Duckworth & Seligman, 2005). As such, the contribution of 

hot executive functions in the relationship between neuropsychological functioning 

and functional outcome following ABI is a promising avenue of research.  

1.6 Thesis Outline 

This thesis consists of six chapters. Following this introductory chapter, 

Chapter 2 is a manuscript version of a published research article from 

Neuropsychology Review. Chapter 2 reviewed and synthesized the current literature 

on neuropsychological predictors of outcome in traumatic brain injury using meta-

analytic techniques. There was a focus on the conceptualization and measurement of 

executive functioning, and the study aimed to determine how neuropsychological 

dimensions are related to outcome, which provided a context for the two empirical 

chapters that followed. Gaps in the literature including limited research on executive 

functions were introduced, and the need to study novel executive functions was 

discussed. The following chapter, Chapter 3, expanded on the measurement of hot 

executive functioning and an extensively studied and validated test used to assess 

this – namely, the Iowa Gambling Task (IGT) – and the literature surrounding its 

conceptualization and neuroanatomical underpinnings. 

The first empirical chapter – Chapter 4 – reports an observational study 

investigating the performance of people with brain injuries on the IGT compared to 
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healthy individuals. Specifically, it aimed to investigate the sensitivity and specificity 

of the IGT, and whether the IGT offered unique predictive utility in differentiating 

people with ABI from healthy participants in the context of cold executive 

functioning measures. Furthermore, it aimed to characterize the level of IGT seen 

following ABI, as previously studies have been limited to small sample sizes and 

specific lesion locations. The potential impact of this impairment in IGT 

performance on functional outcome following ABI was then explored in the second 

empirical chapter, Chapter 5. The study investigated the IGT as a unique predictor of 

outcome following ABI, in the context of other cold executive functioning 

dimensions.  

To conclude, Chapter 6 provided an overview of the studies included in this 

thesis and summarized the key findings. The results are discussed in the context of 

the current the structure of hot executive functioning, including whether it contains 

multiple dimensions as conceptualized in cold executive functioning, and the 

complexities of studying hot executive functioning. Future research areas were also 

explored, including the measurement of hot executive functioning, and its link with 

functional outcome.  
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2.1  Abstract 

Several neuropsychological dimensions have been found to be correlated with 

functional outcome (e.g., ability to return to family and community roles) following 

traumatic brain injury (TBI). Commonly investigated neuropsychological dimensions 

include verbal memory, visuo-spatial construction, set-shifting, generativity, and 

processing speed. Unfortunately, small sample sizes across relevant studies have 

contributed to inconsistent results. Furthermore, no studies have concurrently 

measured all of the candidate neuropsychological predictors, most of which are known 

to be inter-correlated. Thus, the unique predictive effects associated with the candidate 

predictors in TBI recovery have never been investigated. Consequently, this study used 

both meta-analysis and multiple regression to statistically evaluate neuropsychological 

candidate predictors across two outcome variables: the Glasgow Outcome Scale-

Extended (GOS-E) and the Disability Rating Scale (DRS). Seven studies met inclusion 

criteria. Based on the meta-analyses, the following neuropsychological dimensions 

were found to be correlated with the GOS-E: immediate verbal memory (r = .43, 95% 

CI [.27, .58]), delayed verbal memory (r = .43, 95% CI [.21, .61]), visuo-spatial 

construction (r = .29, 95% CI [.15, .53]), set-shifting (r = -.31, 95% CI [-.45, -.15], and 

generativity (r = .44, 95% CI [.32, .54]). By contrast, only one neuropsychological 

dimension was found to be significantly related to the DRS (generativity: r = -.21, 95% 

CI [-.39, -.01]). Multiple regression on the GOS-E relevant meta-analytically derived 

correlation matrix determined that all neuropsychological dimensions were significant 

predictors of the GOS-E (multiple R2 = .31) with the exception of immediate verbal 

memory/learning. Due to analytic characteristics, these findings must be interpreted 

with caution. Results were consistent with the need to consider multiple 

neuropsychological abilities in recovery and rehabilitation following TBI.  
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2.2 Introduction 

Traumatic brain injury (TBI) can result in significant emotional, cognitive, and 

behavioural consequences for the affected individual (Ponsford, Draper, & 

Schonberger, 2008). Furthermore, recovery from TBI can also put a substantial strain 

on the individuals’ families and the healthcare system as a whole (Farace & Alves, 

2000; Ponsford et al., 2008). Given the psychological and financial implications of 

TBIs, it is important to address the prediction and improvement of outcomes 

following brain injury. 

Functional outcome refers to a person’s ability to live independently and 

engage in social relationships, leisure activities, study or employment. Functional 

outcome can be measured in a number of ways, including return to work, community 

engagement (e.g., Wood & Rutterford, 2006), the level of disability an individual 

perceives following a brain injury (e.g., Williams, Rapport, Greene, Hanks, & Millis, 

2011), or a combination of these facets. Studies which have attempted to predict 

functional outcome following TBI have shown milder injury severity (Sigurdardottir, 

Andelic, Roe, & Schanke, 2009), younger age (Pohjasvaara et al., 2002), female 

gender (Farace & Alves, 2000), and higher levels of pre-injury education and 

employment (Ponsford et al., 2008) to be important predictors of functional outcome.  

By contrast, cognitive abilities such as memory, attention, and executive 

functioning have been much less commonly investigated as predictors of functional 

outcome. However, improving our understanding of potential cognitive predictors is 

vital, as it helps clinicians better inform individuals and their families of what may be 

expected following a brain injury, in addition to whether effective rehabilitation may 

be possible. Prigatano, for example, in his Principles of Neuropsychological 

Rehabilitation (1999) argued that rehabilitation and outcome after TBI requires a 
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fundamental understanding of both the neurocognitive and psychosocial problems of 

the specific affected individual, and that “Failure to identify which patients can and 

cannot be helped by different (neuropsychological) rehabilitation approaches create a 

lack of credibility for the field” (1999, p.4). That is, by better understanding how 

specific neuropsychological dimensions may influence functional outcome, 

rehabilitation may be justifiably targeted to these important dimensions to potentially 

improve functional outcomes.  

Overall, the current literature on neuropsychological predictors of outcome is 

inconsistent. While the association between outcome and executive function and 

memory function has often been supported (e.g., Bottari, Dassa, Rainville, & Dutil, 

2009; Ponsford et al., 2008; Spitz, Ponsford, Rudzki, & Maller, 2012), the 

associations with other neuropsychological dimensions is much less clear. For 

example, some studies have shown attention (e.g., Ross et al., 1997), immediate and 

delayed verbal memory (e.g., Rassovsky et al., 2006), speed of information 

processing (e.g., Girard et al., 1996), orientation to place, time, and date (e.g., 

Atchison et al., 2004), motor speed (e.g., Wilson, Pettigrew, & Teasdale, 2000), and 

visuo-spatial processing (e.g., Boake et al., 2001) to be significantly related to 

functional outcome. Other studies, however, have failed to observe such effects (e.g., 

Krpan, Levine, Stuss, & Dawson, 2007; Malec, Smigielski, DePompolo, & 

Thompson, 1993; Ponsford et al., 2008). Consequently, the aim of the current study 

was to synthesize the current literature quantitatively via meta-analytic techniques. 

2.2.1 Neuropsychological predictors of outcome following TBI 

Two cognitive capacities have been found to be consistent correlates of 

functional outcome measures. The first of these skills is verbal episodic memory, 

which refers to memory for written or spoken information. For example, verbal 
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learning on the Rey Auditory Verbal Learning Test (RAVLT) was shown to be 

significantly associated with scores on the Community Integration Questionnaire 

(Millis, Rosenthal, & Lourie, 1994). Delayed recall on the Logical Memory subscale 

of the Wechsler Memory Scale-Revised (WMS-R) was also shown to predict a 

composite score comprised of level of disability (on the Disability Rating Scale), 

community integration (on the Community Integration Questionnaire), and scores on 

the SF-36 Health Survey, a measure of general health and physical functioning 

(Hanks, Rapport, Millis, & Deshpande, 1999). Studies have also demonstrated this 

association between verbal memory and a range of other relevant outcomes, such as 

return to work (e.g., Hanlon et al., 1999), money management (e.g., Hoskin et al., 

2005), global outcome scales such as the Glasgow Outcome Scale-Extended (e.g., 

Ponsford et al., 2008) and the Mayo-Portland Adaptability Inventory Total Score 

(e.g., Spitz et al., 2012). 

The second neuropsychological domain consistently linked to functional 

outcome measures is executive function. Though sometimes defined as a unitary 

construct, it is commonly recognized that executive functioning comprises a range of 

different but related neuropsychological dimensions. Miyake et al. (2000) proposed 

an influential and empirically supported multi-dimensional model of executive 

functioning. Specifically, Miyake and colleagues proposed that executive function 

comprises 1) shifting back and forth between tasks, operations, or mental sets; 2) 

updating of information in working memory, described as a dynamic manipulation of 

working memory; and 3) controlled inhibition of automatic responses. Miyake et 

al.’s (2000) model has since been expanded upon by others, with two additional 

dimensions proposed. The first of these, access or generativity involves the ease and 

efficiency of access to long term memory, and measured by tests of verbal fluency 
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and random number generation (Adrover-Roig, Sesé, Barceló, & Palmer, 2012; Fisk 

& Sharp, 2004). The second additional factor, Fluid reasoning, was proposed to 

involve problem solving and reasoning and measured by tests including the Porteus 

Maze Task (Lezak, 2004; Strauss, Sherman, & Spreen, 2006a).2  

A wide range of executive functions have been investigated as potential 

predictors of functional outcome following TBI. Tests measuring set shifting 

(measured by Trail Making Task B; e.g., Atchison, et al., 2004; Millis et al., 1994), 

inhibition (measured by the Stroop Test; e.g., Dawson et al., 2007), and updating 

(measured by the Working Memory index of the WMS-III; e.g., Bottari et al., 2009) 

have all been related to functional outcome following TBI. Researchers have also 

described an association between functional outcome and fluid reasoning (measured 

by the Porteus Maze Task; e.g., Ponsford et al., 2008), and generativity (e.g., 

Pohjasvaara et al., 2002) following acquired brain injury. Thus, a range of executive 

functioning dimensions have been shown to be related to functional outcome 

following TBI. In fact, almost all of the studies that included tests of executive 

functioning have reported an association between executive functioning and 

functional outcome. Arguably, it is the most commonly reported neuropsychological 

predictor of outcome (e.g., Bottari et al., 2009; Spitz et al., 2012; Struchen et al., 

2008). Importantly, however, most studies have not simultaneously and 

 

 
2 It is noted that the Porteus Maze Task has been classified as a measure of working 

memory in previous versions of the Wechsler intelligence tests. However, recent 

conceptualizations of executive functioning (e.g., Fisk & Sharp, 2007) have included 

both working memory and fluid reasoning as dimensions of executive functioning 

and have classified maze tasks as measures of fluid reasoning (e.g., Lezak, 2004). 



Chapter 2: Neuropsychological Predictors of Functional Outcome Following Traumatic Brain Injury in Adults 71 

comprehensively measured the multiple components of executive functions, and the 

unique predictive abilities of each of these components in TBI outcome is unknown.  

Less commonly investigated neuropsychological domains in predicting TBI 

outcome include visuo-spatial construction, processing speed, and motor speed. 

Visuo-spatial construction refers to our ability to construct or manipulate objects. 

Processing speed refers to the ability to quickly and efficiently process information, 

while motor speed refers to the speed at which someone is able to complete motor 

tasks. Wilson et al. (2000) investigated the association between all three of these 

abilities with the Glasgow Outcome Scale and the Glasgow Outcome Scale – 

Extended. Participants in Wilson et al.’s study were 135 adults with severe TBIs 

tested 5-10 months following their injury. It was shown that greater performance in 

visuo-spatial construction (as measured by the Copy trial of the Rey Complex 

Figure), faster processing speed abilities (as measured by the Symbol Digit 

Modalities test), and faster motor speed (as measured by the Grooved Pegboard test) 

were associated with greater functional outcome. Statistically significant associations 

between functional outcome and other neuropsychological domains such as 

inhibition and immediate visual memory were also reported. Wilson et al.’s (2000) 

study implicate a multiplicity of neuropsychological dimensions and functional 

outcome following TBI, but the associations between the variables were estimated 

only in bivariate terms. Arguably, the investigation of neuropsychological predictors 

of functional outcome following TBI would be more insightfully investigated with an 

analysis such as multiple regression, a technique that can estimate unique effects. 

The challenge, however, is to obtain a sample size sufficiently large to justify a 

multivariate analysis. 
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2.2.2 Multiple Regression in the Meta-Analytic Context 

Although perhaps not well-known, the application of regression techniques to a 

meta-analytically derived correlation matrix has been established (Hunter, 1983; 

Viswesvaran & Ones, 1995). Furthermore, the technique has been used across a 

number of different areas of research, such as job satisfaction, ADHD, and working 

memory (Ackerman, Beier, & Boyle, 2005; Brown & Peterson, 1993; van Emmerik-

van Oortmerssen et al., 2012). The primary benefit associated with a multiple 

regression performed upon a meta-analytically derived correlation matrix is that the 

unique effects (e.g., beta weights, semi-partial correlations) of hypothesized 

predictors of an outcome variable can be estimated. Furthermore, the unique effects 

can be estimated with respectable levels of confidence, as the meta-analytically 

correlation matrix would be associated with a relatively large sample size (i.e., N > 

250). By contrast, most individual empirical studies in the area have used small 

sample sizes (i.e., N < 90), which limits the useful application of multiple regression 

(Green, 1991). 

The application of a multiple regression upon a meta-analytically derived 

correlation matrix is predicated upon the notion that correlations obtained from meta-

analyses are considered, theoretically, to be representative of population values. 

Thus, in practice, the meta-analytically derived correlations can be combined into a 

single matrix, even if not all of the correlations are based on the same combination of 

samples (Hunter, 1983; Viswesvaran & Ones, 1995). Consequently, a multiple 

regression performed on a meta-analytically derived correlation matrix allows for the 

evaluation of a larger collection of independent variables simultaneously, in 

comparison to the relatively small number of independent variables that may be 

associated with any individual study (Viswesvaran & Ones, 1995). For example, 
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Ponsford et al. (2008) and Bercaw et al. (2011) did not include a measure of visuo-

spatial construction in their examination of the effects of neuropsychological 

dimensions such as verbal memory and processing speed on functional outcome. 

However, their reported results relevant to immediate and delayed verbal memory, 

set shifting, generativity, processing speed, and motor speed can nonetheless be 

included in the meta-analytically derived correlation matrix, as the results from other 

studies, which did include visuo-spatial construction as a predictor of functional 

outcome (e.g., Wilson et al., 2000), can be used to supply such information. Thus, a 

multiple regression performed upon a meta-analytically derived correlation matrix 

would arguably be valuable to help evaluate which neuropsychological dimensions 

are uniquely predictive of functional outcome. From a practical perspective, the 

results from a multiple regression conducted upon a meta-analytically derived 

correlation matrix would potentially allow clinicians to focus on the assessment of a 

smaller number of the most relevant dimensions of neuropsychological functioning.  

2.2.3 Present Study 

The purpose of this investigation was to estimate and evaluate the association 

between neuropsychological dimensions, as measured by commonly used 

neuropsychological tests and functional outcome following TBI in adults (18-70 year 

olds). In addition to the application of conventional meta-analysis to estimate the 

population-level effects between neuropsychological predictors and functional 

outcome, a multiple regression was also conducted upon a meta-analytically derived 

correlation matrix. The second analysis was considered valuable with respect to the 

estimation of unique effects between the hypothesized neuropsychological predictors 

and functional outcome. Finally, model R2 associated with the multiple regression 

could also be estimated, which would allow an evaluation of the percentage of 
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variance in functional outcome that could be accounted for by a combination of the 

neuropsychological predictors. 

2.3 Method 

2.3.1 Literature search 

A comprehensive electronic literature search was undertaken using the 

databases PsycINFO, PsycExtra, MEDLINE, Proquest, Science Direct, Scopus, and 

Web of Science. The aim of this search was to identify studies that investigated the 

association between neuropsychological tests and functional outcome in adults with 

traumatic brain injuries. This study was not registered with PROSPERO. Search 

terms used were neuropsychological assessment, cognitive testing, brain injury, 

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

psychosocial outcome, functional outcome, activities of daily living, daily 

functioning, prognosis, community integration, quality of life, and return to work. 

Search results were limited to include only studies using adult populations, studies 

published between 1990 and September 2014, and studies published in English.  

Studies were selected for a more in-depth review of their abstract based on a 

number of criteria. The inclusion criteria were as follows: 

1. Sample: studies were included if their participants were adults (18-70 years 

old) with traumatic brain injuries. Studies with child and adolescent (<16 

years old) or older adult (>70 years old) samples were excluded. Studies 

using samples with mixed aetiologies (e.g., traumatic brain injury and stroke) 

were reviewed further and included if data for those with traumatic brain 
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injury was reported separately to other mechanisms of injury. Consequently, 

stroke was included in the search terms to try to capture these papers. 

2. Use of neuropsychological measures: studies were included if two or more 

neuropsychological measures were administered to participants. Studies that 

used only screening measures such as the Mini Mental State Exam and the 

Functional Independence Measure Cognitive subscale were not included. 

3. Use of functional outcome measure: studies were included if they used a 

defined outcome measure targeting functional or psychosocial outcome. This 

could range from a formal measure such as the Mayo-Portland Adaptability 

Inventory or a more informal measure such as whether the participant had 

returned to work or productive activity following their brain injury. 

To reduce the potential of bias, studies included in the full text review were 

reviewed independently based on the above criteria by both the first and fourth 

author of this study. In the event of any disagreements between the raters, this was 

discussed, and an agreement was easily reached. 

2.3.2 Study selection 

As a common dependent variable is needed to perform a meaningful meta-

analysis, studies meeting the inclusion criteria above were reviewed to determine the 

most common outcome measures in this literature. The outcome measures found to 

be most common in this literature were the Community Integration Questionnaire, 

the Disability Rating Scale, the Functional Independence Measure, Glasgow 

Outcome Scale - Extended (or the Glasgow Outcome Scale), Return to work (scored 

dichotomously), and the Mayo-Portland Adaptability Inventory.  
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As this review investigated the association between neuropsychological tests 

and outcome measures, studies for which the relevant correlation coefficients were 

not reported, or not obtainable through personal communications, were excluded. 

Reference lists from eligible studies were also examined to identify any eligible 

studies missed by the electronic search. A breakdown of this entire process can be 

seen in Figure 1.  

In total, 7 studies were included in the meta-analysis. The included studies 

utilized one or both of the outcome measures: the GOS-E and the DRS (described 

further below). Studies were assessed for methodological quality based on the 

criteria listed in Table 1, rated from 0-12, with a higher score indicative of greater 

methodological quality. Overall, one study scored twelve points for methodological 

quality, three studies scored ten points, one study scored nine points, one study 

scored eight points, and one study scored seven points. The included studies are 

summarized in Table 2.  
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Search terms: (neuropsychological assessment OR cognitive testing) AND (brain injury OR 

acquired brain injury OR head injury OR brain ischemia OR traumatic brain injury OR stroke) 

AND (psychosocial outcome OR functional outcome OR activities of daily living OR daily 

functioning OR prognosis OR community integration OR quality of life OR return to work). 

Electronic Databases searched (Keyword and MeSH explode): Medline (n = 1152), 

PSYCInfo (n = 230), Science Direct (n = 424), Scopus (n = 225), Proquest (n = 579), Web of 

Science (n = 17), PSYCExtra (n = 106) 

Handsearching: References of included articles (n = 1) 

N = 2734 

Titles Screened: Duplicates and articles not relevant to topic removed (n = 2461) 

Abstracts Screened (n = 273) 

Full text copies retrieved for paper 

screening (n = 133) 

Full text copies for meta-analysis 

reviewed and outcome measures 

extracted (n = 54) 

Quality assessment performed. 

Data Analysis: 

• Calculated effect sizes 

• Calculated statistical heterogeneity 

• Multiple regression on meta-analytically 

derived correlation matrix 

 

Abstracts Excluded (n = 140) 
Reasons:  

1. No abstract provided (n = 4) 

2. Paper was not in appropriate format (i.e., review; n 
= 35) 

3. The study sample did not include people with 

acquired or traumatic brain injuries (n = 3) 
4. Study did not include 2 or more 

neuropsychological tests (n =66) 

5. Study did not measure functional outcome (n = 43) 
6. The study sample was ≤17 or >70 years old (n = 8) 

Studies Excluded (n = 79) 
Reasons:  

1. The study sample was ≤17 or >70 years old (n = 

10) 
2. The study sample did not include people with 

traumatic brain injuries or did not report these data 

separately (n = 34) 
3. Article could not be accessed, or no full text was 

available (n = 18) 

4. Study did not include 2 or more 
neuropsychological tests (n = 14) 

5. Study did not measure functional outcome (n = 8) 

6. Article was not in appropriate format (i.e., review;  

n = 3) 

 

Data extracted for Meta-Analysis (n = 7) 

Author/s, year of publication, study design, 

sample size, sample characteristics such as 

severity of injury and time since injury, 

design of study, correlation coefficients. 

Figure 1. Results from the Systematic Literature Search 

Studies Excluded (n = 47) 
Reasons:  

1. Study did not include an outcome measure that 

was used in at least 4 studies - i.e., did not use the 
Community Integration Questionnaire, Functional 

Independence Measure, Glasgow Outcome Scale 

– Extended, Return to work (scored 
dichotomously) or the Mayo-Portland 

Adaptability Inventory (n = 21) 

2. Data was not in the format required (n = 36) -
further required information requested but this 

information was not available or not received (n = 

25) 
3. Studies excluded as <4 studies using the same 

outcome measure had available data (n = 4) 
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Table 1 

Methodological Quality List (adapted from Gardner & Altman, 1989; Heaton, Barth, 

Crosson, Larrabee, & Reynolds, 2002; Van Velzen, Van Bennekom, Edelaar, Sluiter, 

& Frings-Dresen, 2009)  

Criteria 

 

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., length of 

PTA, GCS score) 

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 participants 

per predictor) 

12. Significance is corrected for multiple analyses (e.g., Bonferroni correction) 

 

Notes. *Studies are scored one point for each criteria 
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Table 2 

Overview of the Studies Included in the Meta-Analysis. 

Authors Relevant 

outcome 

variables 

Study characteristics Tests administered Authors conclusions Methodological 

quality rating 

(0-12) 

      

Bercaw et al., 

(2011) 

DRS; 

GOS-E 

334 participants with 

moderate to severe TBI 

followed up at 1 and 2 years 

post in-patient rehabilitation.  

RAVLT, CVLT-II, Trail 

Making Test A and B, 

SDMT, COWAT, Grooved 

Pegboard (dominant hand). 

Changes in learning (CVLT-

II or RAVLT) and processing 

speed (SDMT oral) from 

baseline to 1-year and 

absolute performance at 1-

year predicted long term (2 

year) outcome. 

12 

Gautschi et al., 

(2013) 

GOS-E 37 participants with severe 

TBI evaluated at 3 time 

points (hospital, 3 months, 

and 2 years). 

Neuropsychological 

evaluation given only at 2 

years post-injury (n=29) so 

study treated as cross-

sectional for this analysis. 

Regensburger word fluency 

test (animals and s-words), 

Trail Making Test A and B, 

WAIS Digit-Symbol-Test, 

WMS-R Logical Memory I 

and II, Rey-Osterrieth 

Complex Figure Copy and 

Delayed Recall, Grooved 

Pegboard (dominant and non-

dominant hand). 

GOS-E at rehabilitation 

discharge (3 months) 

predicted neuropsychological 

impairment at follow-up 

better than GOS-E at hospital 

discharge. Three quarters of 

those with favourable 

outcome still had at least one 

severe neuropsychological 

deficit. 

10 

Little et al., 

(1996) 

DRS 202 male participants with 

severe TBI undergoing 

rehabilitation. Participants 

were tested at a single time 

point. 

Luria-Nebraska 

Neuropsychological Battery, 

Trail Making Test A and B, 

Booklet Category Test, 

Wisconsin Card Sorting Test, 

WAIS-R subtests. 

Tests such as Trail Making 

Test A and B and the Luria-

Nebraska subscales correlated 

higher with outcome than did 

WAIS-R subtests. Author 

concludes this indicates 

people with severe TBI more 

dependent on basic cognitive 

7 
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functioning as compared to 

abstract thinking skills. 

Ponsford et 

al., (2008) 

GOS-E 60 participants who have 

undergone rehabilitation 

following mild-severe TBI. 

Study has cross-sectional 

design, with participants 

tested approximately 10 years 

after injury. 

RAVLT, Doors and People 

Test, Trail Making Test A 

and B, Porteus Maze Test – 

Vineland revision, SDMT – 

oral, WAIS-III Digit Span, 

WAIS-III Digit Symbol 

Coding, Sustained Attention 

to Response Task, COWAT, 

Hayling and Brixton Tests. 

Poorer outcome on the GOS-

E was associated with poorer 

performance on measures of 

processing speed, attention, 

memory, and executive 

functioning 10 years after 

TBI. Anxiety, length of PTA, 

and education were also 

associated with outcome. 

9 

Sigurdardottir 

et al., (2009) 

GOS-E 115 participants with mild to 

severe TBI admitted to 

hospital. Neuropsychological 

evaluations were performed 

at 3 and 12 months post-

injury. 

WAIS-III Letter-Number 

Sequencing, Similarities, and 

Matrix Reasoning, CVLT-II, 

Rey-Osterrieth Complex 

Figure Test, DKEFS Color-

Word Interference Test, Trail 

Making Test A and B, 

COWAT. 

Better outcome was 

associated with better 

performance on measures of 

verbal skills and reasoning 

and visuo-spatial or 

perception skills as well as 

less fatigue, shorter PTA, 

absence of pathology on 

neuroimaging, and higher 

education. 

10 
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Williams et 

al., (2013) 

DRS 288 participants with 

complicated mild to severe 

TBI. Neurological data, 

ratings of life satisfaction, 

and employment were also 

collected. Study used a 

longitudinal design, with 

participants followed up at 1 

and 2 years post inpatient 

rehabilitation.  

Trail Making Test A and B, 

Symbol Digit Modalities 

Test, Grooved Pegboard, 

COWAT, CVLT-II, RAVLT, 

Benton Judgment of Line 

Orientation, Visual Form 

Discrimination Test. 

Global neuropsychological 

performance (composite of 

neuropsychological tests) was 

predictive of functional 

outcome at 1 and 2 year 

follow-up even when 

demographic and injury 

characteristics taken into 

account. Neuro-imaging data 

was found to not be a 

significant predictor of 

outcome. 

10 

Wilson et al., 

(2000) 

DRS; 

GOS-E 

135 participants with mild to 

severe TBI tested 5 to 10 

months following injury. 

Study employed a cross-

sectional design. 

Rey-Osterrieth Complex 

Figure Test, COWAT, 

SDMT, Trail Making Test B, 

Grooved Pegboard (dominant 

and non-dominant hand), 

Wisconsin Card Sort Test, 

WMS-R Verbal Paired 

Associates I and II, and 

Logical Memory I and II. 

Modest relationships between 

the GOS-E and 

neuropsychological tests were 

shown. Stronger relationships 

were shown between the 

GOS-E and self-reported 

health measures and 

demographic variables. 

8 

Notes. COWAT = Controlled Oral Word Association Test; CVLT-II = California Verbal Learning Test – 2nd edition; DKEFS = Delis Kaplan 

Executive Functioning System; DRS = Disability Rating Scale; GOS-E = Glasgow Outcome Scale – Extended; RAVLT = Rey Auditory 

Verbal Learning Test; SDMT = Symbol Digit Modalities Test; WAIS = Wechsler Adult Intelligence Scale; WAIS-III = Wechsler Adult 

Intelligence Scale – 3rd edition; WAIS-R = Wechsler Adult Intelligence Scale – Revised; WMS-R = Wechsler Memory Scale – Revised. 
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The first author extracted the following data from each study included in the 

meta-analysis: (1) correlation coefficients between neuropsychological tests and the 

GOS-E or DRS, (2) sample size from each study, (3) sample characteristics such as 

severity of injury and time since injury, (4) design of study (i.e., whether cross-

sectional or longitudinal in design, length of follow-up if longitudinal). 

2.3.3 Independent Variable Classification 

It will be noted that the ultimate sample sizes in the meta-analyses were 

contingent upon, in part, the classification of the independent variable measures. 

That is, the neuropsychological tests were classified into neuropsychological 

dimensions, based on which dimension the test was known to primarily measure. The 

classification system was determined through a review of the relevant factor analytic 

research and test manuals. The test classification criteria were reviewed by two 

experienced clinical neuropsychologists (Authors CP and MW). Dimensions were 

included based on three criteria: 

• A majority of the studies had to have included tests of that 

neuropsychological dimension. That is, if five studies were included in the 

meta-analysis, at least three of them had to have included that dimension as 

part of the testing. 

• If different tests across studies were used to measure a neuropsychological 

dimension, they had to be comparable in what aspect of that dimension they 

measured. 

• The total sample size for each dimension had to be comparable to one 

another. That is, the sample size for each dimension had to be within 25% 

of the total (mean) sample size for the meta-analysis. 
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Based on the application of the above criteria, five empirical studies were 

included in the meta-analysis for the purposes of investigating the associations 

between the neuropsychological and the GOS-E. Correlation coefficients (r) were the 

effect sizes used in the analyses. The list of tests included in the analysis, in addition 

to the neuropsychological dimensions they were classified to represent, are displayed 

in Table 3.  

Based on the application of the above criteria, four empirical studies were 

included in the second meta-analysis for the purposes of investigating the association 

between neuropsychological dimensions and the DRS. Correlation coefficients (r) 

were the effect sizes used in the analyses. The list of tests included in the second 

meta-analysis, in addition to the neuropsychological dimensions they were classified 

to represent, are displayed in Table 4. 
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Table 3 

Neuropsychological Dimensions and Tests Included in the GOS-E Meta-Analysis  

Neuropsychological 

Dimension 

Neuropsychological Test k 

Immediate verbal memory 

and learning 

Total number of words remembered 

across Trials 1-5 from the CVLT-II 

5 

 Logical Memory I from the WMS-R  

 Total number of words remembered 

across Trials 1-5 from the RAVLT 

 

Delayed verbal memory Long delay trial from the CVLT-II 5 

 Logical Memory II from the WMS-R  

 Long delay trial from the RAVLT  

Visuo-spatial construction Copy trial from the Rey-Osterrieth 

Complex Figure Test 

3 

Set shifting Trail Making Test Part B 5 

Generativity COWAT 5 

 S words from the Regensburger Word 

Fluency Test 

 

Notes. CVLT-II = California Verbal Learning Test – 2nd edition; WMS-R 

= Wechsler Memory Scale – Revised; RAVLT = Rey Auditory Verbal 

Learning Test; COWAT = Controlled Oral Word Association Test; k = 

number of studies. 
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Table 4 

Neuropsychological Dimensions and Tests Included in the DRS Meta-Analysis 

Neuropsychological 

Dimension 

Neuropsychological Test k 

Processing speed Trail Making Test Part A 4 

Set Shifting Trail Making Test Part B 4 

Generativity COWAT 3 

Motor speed Grooved Pegboard Test – dominant 

hand 

3 

Notes. COWAT = Controlled Oral Word Association Test; DRS = 

Disability Rating Scale; k = number of studies. 

 

2.3.4 Outcome Measures: Described 

The empirical studies included in the meta-analysis examined the association 

between various neuropsychological tests and at least one of the following two 

different outcome measures: the GOS-E and the DRS. 

Glasgow Outcome Scale – Extended (GOS-E). An 8-item scale designed to 

categorize the level of disability a person experiences following TBI from death to 

good recovery. The GOS-E distinguishes between upper and lower levels of 

recovery. For example, outcome on the GOS-E can be rated as lower moderate 

disability or upper moderate disability as compared to just moderate disability on the 

original Glasgow Outcome Scale (Jennett, Snoek, Bond, & Brooks, 1981). Scores 

from the GOS-E have been shown to have excellent test-retest reliability (weighted 

kappa coefficient = .92 - .98; Wilson, Edwards, Fiddes, Stewart, & Teasdale, 2002), 

as well as high inter-rater reliability, depending on the methods used to score the 

scale (Lu, Marmarou, Lapane, Turf, & Wilson, 2010). The GOS-E has been linked to 
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a number of other measures of outcome and injury severity, such as the DRS and 

length of post-traumatic amnesia (Wilson et al., 2000).  

Disability Rating Scale (DRS). An 8-item scale designed to track people 

with TBI from acute stages of recovery to independence. Items include eye opening, 

cognitive ability to clothe, feed, or groom oneself, and employability in full time 

occupation (Rappaport, Hall, Hopkins, Belleza, & Cope, 1982). The DRS has been 

used to predict a range of outcomes in people with TBI such as return to work 

(Fleming, Tooth, Hassell, & Chan, 1999). Scores from the DRS have been shown to 

be associated with respectable levels of internal consistency (α = .83-.84 based on 

whether administered in acute or post-acute stages of recovery; Malec, Hammond, 

Giacino, Whyte, & Wright, 2012) and test-retest reliability (r = .95; Gouvier, 

Blanton, LaPorte, & Nepomuceno, 1987) and inter-rater reliability (r = .91 - .98; 

Gouvier et al., 1987; Malec et al., 2012; Rappaport et al., 1982). Scores on the DRS 

have been found to be strongly related to those on the GOS-E (r = -.89; Wilson et al., 

2000). 

2.3.5 Data Analysis 

Comprehensive Meta-Analysis (CMA; Borenstein, Hedges, Higgins, & 

Rothstein, 2005) was used to perform the meta-analyses in this study (random effects 

model). The magnitudes of the effects were evaluated based on the guidelines 

reported by Gignac and Szodorai (2016) for correlations relevant to individual 

difference variables (i.e., .10, .20, and .30 for relatively small, typical, and relatively 

large, respectively). Researchers who conduct a meta-analysis are encouraged to 

evaluate heterogeneity in the effect sizes (Cheung & Vijayakumar, 2016). Typically, 

heterogeneity is evaluated with the I2 statistic, which represents the percentage of 

total variance among a group of effect sizes that is due to between-studies variability 
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(i.e., not random variation; Huedo-Medina, Sánchez-Meca, Marın-Martınez, & 

Botella, 2006). However, the evaluation of heterogeneity in meta-analyses with a 

small number of studies (< 8) is problematic, such that the I2 statistic cannot be 

expected to be valid (Von Hippel, 2015). Thus, given the relatively small number of 

studies included in this meta-analysis, a fully valid statistical evaluation of 

heterogeneity was not considered possible. Nonetheless, it will be noted that random 

effects modelling may be expected to yield valid results from a meta-analysis with 

heterogeneity in the effect sizes (Riley, Higgins, & Deeks, 2011), which was the 

estimation technique employed in this investigation. In addition, forest plots were 

consulted for an approximate evaluation of heterogeneity. 

Next, the meta-analytic multiple regressions were performed, based on the 

statistically significant neuropsychological predictors observed in the meta-analyses 

performed above. The validity associated with this statistical technique may be 

questioned, as it is not commonly applied or, as yet, well-established. However, on 

balance, we believe the benefits of the technique, as described in the introduction, are 

sufficiently substantial so as to consider it a useful tool to offer guidance on the 

prediction of outcome following ABI. Naturally, the results should be interpreted 

with caution.  

In order to conduct the meta-analytic multiple regression analysis, the inter-

correlations between neuropsychological dimensions needed to be estimated (e.g., 

the correlation between immediate verbal memory and delayed verbal memory). 

Data from the studies included in the meta-analyses were used to estimate these 

inter-correlations via the random effects approach, with the exception of Bercaw et 

al. (2011) and Ponsford et al. (2008), as the inter-correlation between the candidate 

predictors (visuo-spatial construction and set shifting, and visuo-spatial construction 
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and generativity) was not available in that case. To help estimate robust inter-

correlations across all cells within the correlation matrix, the correlations from the 

Meyers and Meyers (1995) investigation (N = 100) relevant to brain injuries were 

also used for one cell (correlation between visuo-spatial construction and set shifting, 

and visuo-spatial construction and generativity). The multiple regression predicting 

the GOS-E was based on a final sample size of N = 343, as 343 corresponded to the 

mean of the sample size of each cognitive dimension included in the meta-analysis. It 

will be noted that all independent variables included in the first multiple regression 

had a sample size within 25% of this number. Furthermore, all variables, with the 

exception of visuo-spatial construction, had a sample size within 15% of this value.3  

AMOS Version 22 (IBM Corporation, 2013a) was used to perform the 

multiple regressions on the meta-analytically derived correlation matrices. As the 

sampling distribution associated with meta-analytically derived beta weights has not 

yet been established, parametric bootstrapping with 1000 re-samples was used to 

estimate the standard errors, confidence intervals, and p-values in the multiple 

regression. Finally, semi-partial correlations were estimated using SPSS Version 22 

(IBM Corporation, 2013b) upon data simulated to correspond precisely to the 

correlations obtained in the meta-analysis.4 Additionally, the squared semi-partial 

 

 
3 As reported in the Results section, only one neuropsychological dimension was 

found to relate to the DRS in a statistically significant manner. Thus, it was not 

considered necessary to conduct a meta-analytic multiple regression for the DRS 

relevant data.  

4 The multiple regression was conducted upon data that reflected the correlations to 

three decimal places. These data are available upon request. 
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correlations were summed together to estimate the percentage of variance in the 

GOS-E predicted uniquely by all of neuropsychological dimensions. Next, the sum 

of the squared semi-partial correlations was then subtracted from the multiple R2 , in 

order to estimate the amount of variance in the GOS-E accounted for by processes 

common to the neuropsychological dimensions Pedhazur (1997). 

2.4 Results 

2.4.1 Glasgow Outcome Scale – Extended (GOS-E) 

As can be seen in Table 5, all five neuropsychological dimensions were found 

to be statistically significantly (p <.05) related to the GOS-E. Specifically, immediate 

verbal memory was associated with a large, positive correlation, r = .43, 95% CI 

[.27, .58]. Thus, a higher level of immediate verbal memory was associated with 

greater functional outcome, as measured by the GOS-E. Delayed verbal memory was 

associated with a large, positive correlation, r = .43, 95% CI [.21, .61]. Thus, a 

higher level of delayed verbal memory was also associated with greater functional 

outcome, as measured by the GOS-E. Additionally, visuo-spatial construction was 

associated with a large, positive correlation, r = .29, 95% CI [.15, .53]. Thus, higher 

levels of visuo-spatial construction were associated with greater functional outcome, 

as measured by the GOS-E. By contrast, set shifting was associated with a large, 

negative correlation, r = -.31, 95% CI [-.45, -.15]. The task used to assess set shifting 

(Trail Making Test Part B) is based on response speed, with a lower score indicating 

faster performance. Thus, faster set shifting ability was associated with greater 

functional outcome, as measured by the GOS-E. Finally, generativity was associated 

with a large, positive correlation, r = .44, 95% CI [.32, .54]. Thus, higher levels of 

generativity were associated with greater functional outcome, as measured by the 

GOS-E. 
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Table 5 

Meta-Analytic Correlations between Neuropsychological Dimensions and the GOS-E 

 r p N 95% CI k I2 Q Tau Tau Squared 

Immediate Verbal Memory .43 <.001 385 .27, .58 5 65.46 14.48 .19 .03 

Delayed Verbal Memory .43 <.001 366 .21, .61 5 79.43 19.45 .25 .06 

Visuo-Spatial Construction .29 .001 261 .15, .53 3 60.53 5.07 .15 .02 

Set Shifting -.31 <.001 335 -.45, -.15 5 50.34 8.06 .13 .02 

Generativity .44 <.001 347 .32, .54 5 31.63 5.85 .09 .01 

Notes. The meta-analytic correlations were estimated via random effects; r = correlation; p = significance; N = sample size; CI = 

confidence intervals; GOS-E = Glasgow Outcome Scale- Extended; k = number of studies included in the analysis. 
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Whilst the heterogeneity statistics do suggest a non-negligible amount of 

heterogeneity, the forest plots were examined and appear relatively consistent and 

thus we performed a meta-analytically derived regression on these data. 

The funnel plots were consulted for all the meta-analytically derived 

correlations between the neuropsychological dimensions and the corresponding 

functional outcome variables. The funnel plots for the GOS-E analyses are included 

in Appendix A. In all cases, there were no correlations clearly outside the triangular 

zone. Furthermore, there was no suggestion that one or more of the smaller 

correlations were associated with the smaller standard errors. Thus, on balance, there 

was an absence of evidence to suggest publication bias. 

As can be seen in Table 6, nearly all of the neuropsychological dimensions 

were correlated positively with each other. Thus, next, a multiple regression was 

performed on the meta-analytically derived correlation matrix with GOS-E as the 

dependent variable. As can be seen in Table 7, four of the five neuropsychological 

predictors were associated with statistically significant beta weights: Delayed verbal 

memory (β = .25, p = .03), generativity (β = .23, p = .003), set shifting (β = .21, p = 

.002), and visuo-spatial construction (β = .18, p = .002). Immediate verbal memory 

and learning was not found to be a statistically significant unique predictor of the 

GOS-E (β = - .02, p = .87). The regression equation based on all five 

neuropsychological dimensions accounted for 31.3% of the total variance in the 

GOS-E, R2 = .31, p = .007, 95% CI [.23, .39]. 
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Table 6 

Meta-Analytic Correlations between the Neuropsychological Dimensions (Below 

Diagonal) and Corresponding Sample Sizes (Above Diagonal) 

 

Finally, the semi-partial correlations between the neuropsychological 

dimensions and GOS-E are reported in Table 7 (right-side). The sum of the semi-

partial correlations amounted to .11. Thus, 11% of the variance accounted for in 

GOS-E was due effects unique to each neuropsychological predictor. By contrast, 

20.3% of the variance accounted for in GOS-E by the regression equation was due to 

one or more processes in common to the neuropsychological dimensions (i.e., .313 - 

.11 = .203). 

 

 

 

 

 

 1. 2. 3. 4. 5. 

1. Immediate Verbal Memory 1 339 269 320 446 

2. Delayed Verbal Memory .89* 1 269 320 294 

3. Visuo-Spatial Construction .29* .30* 1 254 249 

4. Set Shifting -.35 -.21 .05 1 289 

5. Generativity .44* .47* .25* -.29 1 

Notes. The meta-analytic correlations were estimated via random effects; 

correlations below diagonal; sample sizes above diagonal; *p < .05. 
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Table 7 

Meta-Analytically Derived Multiple Regression Results: GOS-E (Dependent 

Variable) 

 Standardized 

β 

SE 95% CI Semi-partial 

r 

Immediate Verbal Memory -.02 .11 - .24, .19 -.01 

Delayed Verbal Memory .25* .11 .02, .46 .11 

Visuo-spatial construction .18* .05 .09, .27 .17 

Set shifting -.21* .05 - .31, -.10 -.18 

Generativity .23* .05 .12, .33 .19 

Notes. Model R2 = .31, p = .01; SE = Standard Error; GOS-E = Glasgow Outcome 

Scale – Extended; *indicates p < .05. These results should be interpreted with 

caution due to moderate heterogeneity. 

2.4.2 Disability Rating Scale 

As can be seen in Table 8, only one variable was statistically significantly (p 

< .05) related to the DRS. Specifically, generativity was associated with a typical, 

negative correlation, r = -.21, 95% CI [-.39, -.01]. Thus, higher levels of generativity 

were associated with a lower levels of disability, as measured by the DRS. By 

contrast, set-shifting, processing speed, and motor speed were not statistically 

significantly related to the DRS (p > .05). In light of the single, statistically 

significance effect in conjunction with forest plots indicating non-negligible 

heterogeneity, a multiple regression was not performed on these data. Finally, it will 

be noted that the funnel plots for the DRS related results suggested the possibility of 

publication bias (see Appendix A). However, the small number of correlations 
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included in the analysis precluded a valid evaluation of the possibility of publication 

bias. 
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Table 8 

Meta-Analytic Correlations between Neuropsychological Dimensions and the DRS 

 r p N 95% CI k I2 Q Tau Tau Squared 

Processing speed .24 .30 860 -.22, .61 4 97.86 140.46 .47 .22 

Set shifting .24 .34 840 -.25, .63 4 98.05 153.67 .50 .25 

Generativity -.21  .04 586 -.39, -.01 3 82.26 11.27 .16 .03 

Motor speed .11 .62 602 -.32, .50 3 96.48 56.74 .38 .15 

Notes. The meta-analytic correlations were estimated via random effects; r = correlation; p = significance; N = sample size; CI = 

confidence intervals; k = number of studies included in the analysis; DRS = Disability Rating Scale. 
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2.5 Discussion 

The results of this investigation suggest that a multiplicity of 

neuropsychological dimensions are associated with functional outcome following 

TBI in adults. Additionally, the results suggest that one or more processes common 

to the neuropsychological dimensions, in addition to effects unique to several of the 

neuropsychological dimensions, are predictors of functional outcome following TBI 

in adults. Finally, the predictive capacity of the neuropsychological dimensions was 

observed to be much more substantial, when functional outcome was measured by 

the GOS-E, in comparison to the DRS.  

2.5.1 Review of Bivariate Correlations 

Overall, these results show the importance of comprehensive and 

multidimensional neuropsychological assessment in better understanding functional 

outcomes following TBI in adults. Positive correlations that were large in magnitude 

were found between functional outcome measures and immediate verbal memory, 

delayed verbal memory, visuo-spatial construction, and generativity. This supports 

previous findings suggesting the relative importance of verbal memory, visuo-spatial 

construction, and executive functioning (e.g., Millis et al., 1994; Ponsford et al., 

2008; Spitz et al., 2012; Wilson et al., 2000). Processing speed and motor speed were 

not found to be significantly associated with functional outcome (as measured by the 

DRS) following TBI. Furthermore, the association between set shifting and 

functional outcome was not as clear cut, as set shifting had a large positive 

correlation with one functional outcome measure (GOS-E) but a non-significant 

relationship with the other (DRS).  

This investigation has provided the neuropsychology community with 

correlations between neuropsychological dimensions and the GOS-E based on a 
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large sample size (N = 261 – 385). Compared to what is seen in studies with smaller 

sample sizes in this area, the effect sizes seen in this study were larger in magnitude 

(e.g., Bercaw et al., 2011) or showed a greater number of significant relationships 

with the GOS-E (e.g., Millis et al., 1994). Furthermore, the magnitude of 

relationships between the GOS-E and neuropsychological dimensions seen in this 

study were comparable to, or slightly larger than, what is often seen in similar meta-

analyses on other populations. For example, the results of this investigation showed 

similar effect sizes to a meta-analysis investigating the relationship between 

neuropsychological dimensions and driving performance in older adults with 

dementia (Reger et al., 2004). The results of this study also demonstrated slightly 

larger effect sizes than Kalechstein, Newton, & van Gorp's (2003) meta-analysis on 

the relationship between neuropsychological dimensions and employment in adults 

with a variety of neurocognitive disorders (e.g., brain injury, epilepsy, HIV). Given 

the respectable sample sizes (N > 300), the magnitude of the effect sizes, and the 

comparable findings with related studies, we can be confident of the relationship 

between neuropsychological dimensions and functional outcome following TBI, as 

measured by the GOS-E. 

The relationship between generativity and the DRS shown in this study was 

also based on a large sample size (N = 586). The relationship was comparable to 

what is seen in some studies (e.g., Williams et al., 2013), though differs somewhat in 

magnitude to others (e.g., Bercaw et al., 2011). Other variables included in the 

analysis failed to reach significance, which is inconsistent with a number of studies 

in this area (e.g., Little et al., 1996; Williams et al., 2013). Despite the large sample 

size in this meta-analysis, limitations to interpreting these effects are discussed 

further below. 
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2.5.2 Single Dimensions versus Multiple Dimensions 

The meta-analytic multiple regression results highlighted the importance of 

assessing neuropsychological dimensions as combined and independent predictors of 

functional outcome following TBI. Specifically, of the 31% of the variance in 

functional outcome that was predicted by the GOS-E model, approximately 20% was 

due to one or more processes common to the neuropsychological dimensions, and 

approximately 11% was due to effects unique to each of the four statistically 

significant contributors to the regression equation. Delayed verbal memory, visuo-

spatial construction, set shifting, and generativity were all significant predictors of 

functional outcome. Though immediate verbal memory was not a significant 

predictor, this is likely due to its high correlation (r = .89) with delayed verbal 

memory. This suggests that interpreting tests of both immediate and delayed verbal 

memory does not add value when predicting functional outcome.  

The neuropsychological dimensions included in the meta-analytic multiple 

regression accounted for 31% of the variance in functional outcome, as measured by 

the GOS-E. Thus, the results imply an important role for neuropsychological testing 

in the prediction of functional recovery following a TBI. It is noted that these 

findings should be interpreted with caution due to issues with heterogeneity. 

However, these findings are consistent with previous literature showing the 

importance of neuropsychological dimensions in predicting functional outcome 

following TBI. Previous literature (e.g., Boake et al., 2001; Girard et al., 1996; 

Sigurdardottir et al., 2009; Williams et al., 2013; Wood & Rutterford, 2006) has 

suggested the importance of neuropsychological domains such as visual and 

perceptual abilities, processing speed, set shifting, generativity, and working memory 

as predictors of outcome following TBI.  
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Although 31% of the variance in functional outcome is, arguably, a relatively 

impressive effect size, it should nonetheless be noted that 69% of the variance in 

functional outcome following TBI remains unaccounted for. Conceivably, greater 

predictive validity would have been obtained with the addition of other known 

predictors of TBI such as age, injury severity, and level of education. As research 

accumulates in the area, future meta-analytic multiple regressions could also include 

a greater number of neuropsychological dimensions. Such analyses would also 

increase our understanding of the unique contributions of neuropsychological 

dimensions to functional outcome. 

At the individual neuropsychological dimension level, the results of this 

investigation suggest that no single dimension is clearly the most important at 

predicting functional outcome, as measured by the GOS-E. Such an interpretation is 

based on the observation that the standardized beta weights and the semi-partial 

correlations were all roughly of the same magnitude (see Table 7).The notion that a 

multiplicity of cognitive abilities impact functional recovery from TBI is consistent 

with Williams et al. (2013) who showed that neuropsychological dimensions such as 

visuo-spatial skills, set shifting, processing speed, and generativity all added value in 

a larger model predicting functional outcome 2 years after TBI. From a practical 

perspective, the results suggest that the use of single measures or very brief batteries 

of neuropsychological tests would likely come at the cost of reduced ability to 

predict functional outcomes. Thus, it is prudent for clinicians to assess a range of 

neuropsychological dimensions, when formulating decisions about a client’s 

recovery trajectory, so as to avoid making inaccurate prognoses.  
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2.5.3 GOS-E versus DRS 

It’s interesting that, despite similarities between the GOS-E and the DRS and 

the high correlation reported between them (r = -.89; Wilson et al., 2000), the results 

obtained differed greatly across the two measures. The reported magnitude of effect 

sizes of neuropsychological domains in individual studies were also similar across 

outcome measures. Despite this, although the meta-analysis using the DRS had a 

much larger sample size compared to the GOS-E, the correlations were smaller and 

mostly non-significant. One of the possible explanations is that there is a real 

difference between the two functional outcome measures, though this is unlikely as 

they have been reported to be comparable across a range of studies, though a slight 

preference is given to the GOS-E (Choi et al., 1998; Nichol et al., 2011; Shukla, 

Devi, & Agrawal, 2011). The other possibility is that, by chance, the studies using 

the DRS may have had greater variability in the participants in variables such as 

severity of injury or time since injury. This would increase the heterogeneity in effect 

sizes included in the DRS analysis. The presence of such heterogeneity suggests 

there is likely a moderator. However, this could not be examined in this study as at 

least 10 studies are recommended when testing for a moderating effect (Higgins & 

Green, 2011).  

It is also noted that the functional outcome measures used in this study were 

very brief measures. While they are easy to use and provide useful general 

information, the effect of neuropsychological dimensions across different areas of 

people’s lives could not be examined. It is unfortunate in the current literature that 

not enough studies were available to look at more comprehensive outcome measures. 

Moving forward, it is important to use the best functional outcome measures 

possible. Outcome measures such as the Mayo-Portland Adaptability Inventory 
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(MPAI-4) are preferable. The MPAI-4 is a multidimensional measure that captures a 

range of areas across an individual’s life, and was shown to be one of the five most 

comprehensive measures of participation following disability (Resnik & Plow, 

2009). 

2.5.4 Limitations and future research 

Although the current investigation has several strengths, it was also 

associated with some limitations. The first is the number of studies included in the 

analysis. As meta-analysis requires a comparable outcome measure, there were only 

a small number of studies included in the analysis (k = 7). A particular problem was 

encountered with the same construct (e.g., return to work) being measured in 

different ways. This means that only some of the research in this area was captured. 

However, including a small number of studies is not unusual in meta-analyses. The 

median number of studies included in meta-analyses in the Cochrane Library was 

shown to be three (Davey, Turner, Clarke, & Higgins, 2011). Furthermore, this study 

creates a solid foundation on which to build knowledge and understanding of where 

to focus future research. 

Related to the small number of studies included is the possible heterogeneity 

of effect sizes. The absence of substantial numbers of studies in the meta-analyses 

precluded a serious evaluation of heterogeneity. Consequently, the evaluation of 

moderators was also not a possibility. However, as discussed, heterogeneity was 

likely a contributing factor to the results seen in the DRS meta-analysis though no 

moderator could be tested. As the empirical research accumulates, this meta-analysis 

can be revisited with additional moderating variables to overcome this issue. 

Furthermore, while neuropsychological dimensions were broadly covered, the 

model tested in this investigation is likely incomplete. There are a number of other 
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predictors that could be included that have been shown to be related to functional 

outcome. These include age, gender, injury severity, time since injury, level of 

education, and level of social support (Atchison et al., 2004; Curtiss, Klemz, & 

Vanderploeg, 2000; Farace & Alves, 2000; Mushkudiani et al., 2007; Ponsford et al., 

2008). It is notable that the extant literature did not allow for an assessment of all 

proposed dimensions of executive functions, and further research with 

comprehensive assessment (i.e., including updating, inhibition, and novel problem 

solving measures) of this domain is vital. Further, studies utilizing novel measures of 

cognition that have shown promise in both prediction of real-world daily function 

and as avenues for novel interventions in TBI (e.g., prospective memory, multi-

tasking, meta-cognition) would be potentially fruitful avenues for future research 

(Renison, Ponsford, Testa, & Richardson, 2012; Shum, Levin, & Chan, 2011). The 

inclusion of these demographic and neuropsychological predictors would likely 

substantially increase the amount of variance accounted for in functional outcome 

following TBI.  

All scales used to assess methodological quality of individual studies for the 

purpose of meta-analyses have strengths and limitations (for review, see Gates & 

March, 2016). That is, the results of any such investigation are valid to the extent to 

which the rating scale used is valid. Unfortunately, we were unable to identify a 

published validated rating scale that would meet the specific needs of this review. 

Thus, we were required to adapt existing rating scales, guided by the 

recommendations of Sanderson, Tatt, and Higgins, 2007 to quantify the overall 

methodological rigor of each study. Importantly, however, one of the limitations of 

these types of scales (that is, quality rating scales that produce a single summary 

score) is that they do not provide more detailed information regarding which 
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methodological characteristics may be stronger or weaker in each study. That is a 

low score, suggesting poorer quality, may be obtained for differing reasons across 

individual studies. Ultimately, it may be preferable to develop and validate a more 

comprehensive, multi-dimensional rating scale of observational study quality for 

future reviews. 

Finally, it will be noted that neuropsychological measurement is known to be 

associated with some measurement error (Strauss, Sherman, & Spreen, 2006b). Thus, 

clinicians deal with the interpretation of imperfect test scores. For this reason, the 

current meta-analytic investigation restricted the analyses to correlations that were 

not disattenuated for imperfect reliability. Therefore, the results should be considered 

valid in the applied context. By contrast, the results may not be as valid in the 

theoretical context. That is, it is possible that the test scores associated with 

neuropsychological dimensions included in this investigation were associated with 

meaningfully different levels of internal consistency reliability. Such differences in 

test score reliability would be expected to impact the magnitude of the correlations 

and beta-weights. Consequently, in the hypothetical realm of perfect measurement, 

the neuropsychological dimensions may not all be approximately equal predictors of 

functional outcome, as observed in this investigation.  

2.5.5 Conclusion 

In conclusion, this study highlighted the importance a multiplicity of 

neuropsychological dimensions in the prediction of functional outcome following 

TBI. Neuropsychological dimensions were shown to be associated with functional 

outcome across two outcome measures. Furthermore, four neuropsychological 

dimensions were shown to be unique predictors of functional outcome. It is 

suggested that future research build on this study, investigating a broader range of 
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neuropsychological dimensions as well as variables such as injury severity to 

improve the prediction of outcome following TBI. 
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3.1 Introduction 

The aim of the meta-analyses reported in Chapter 2 was to investigate 

neuropsychological predictors of functional outcome following traumatic brain 

injury. The meta-analysis demonstrated a relationship between neuropsychological 

predictors, including so-called cold measures of executive functioning such as set 

shifting and generativity, and functional outcome. One of the major findings of the 

meta-analysis was a lack of consistent measurement of executive functioning more 

broadly, with studies failing to measure one or more dimensions of executive 

functioning. Furthermore, an inadequate number of studies measured hot executive 

functioning, and the contribution of these less conventionally measured executive 

functions to functional outcome remain to be studied. Importantly, as outlined in 

Chapter 1, hot executive functions provide a fruitful avenue of research as changes in 

these functions have been linked to significant real-world impairments in case studies 

(e.g., Eslinger & Damasio, 1985). After reflecting on the results of the meta-analysis, 

a clear way forward would be to evaluate hot executive functioning following ABI, 

and its relationship with functional outcome.  

As outlined in Chapter 1, there have been multiple approaches to measuring 

hot executive functioning including laboratory-based tasks, questionnaires, 

interviews, and neuropsychological tests. For the remainder of this thesis, I will focus 

on the Iowa Gambling Task (IGT) as an exemplar of hot executive functioning 

measurement. The IGT is a widely studied measure of risky decision making. While 

multiple measures of risky decision making have been identified, including the 

Balloon Analogue Risk Task (Lejuez et al., 2002), the Cambridge Gamble Task 

(Rogers et al., 1999), and the Game of Dice (Brand et al., 2005), the IGT appears to 
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be the most commonly used, with the largest empirical literature base. Furthermore, 

published clinical normative data allows for its use in clinical practice.  

It is noted that, by choosing to focus on the IGT, other dimensions or aspects 

of hot executive functioning may be overlooked. That is, the IGT measures just one 

dimension of hot executive functioning (that is, risky decision making). Other 

measures, including questionnaire based measures such as the Behaviour Rating 

Inventory of Executive Functioning (Gioia, Isquith, Guy, & Kenworthy, 2000) or the 

Frontal Systems Behavior Scale (Grace & Malloy, 2001) may provide valuable 

further measurement of this construct. However, the IGT was chosen as an objective 

task that did not rely on participants having an informant. The limitations of this 

approach are discussed extensively in Chapter 6 of this thesis. At present, we will 

start by describing the IGT and summarising the theoretical and neuroanatomical 

underpinnings. 

3.2 The Iowa Gambling Task 

The IGT (Bechara, 2007a) was developed to detect decision making deficits 

not picked up on by traditional cold executive functioning tests (Bechara, Damasio, 

Damasio, & Anderson, 1994). It is thought to be strongly influenced by emotional 

factors related to reward and punishment (Fukui, Murai, Fukuyama, Hayashi, & 

Hanakawa, 2005), hence is often considered a hot executive functioning task 

(Buelow & Suhr, 2009; Chan, Shum, Toulopoulou, & Chen, 2008). While the IGT 

was originally developed in the laboratory (Bechara et al., 1994), a computerised 

version with normative data based on 932 healthy adult participants has since been 

published (Bechara, 2007a). In the IGT, participants sit in front of a computer that 

displays four decks of cards. They are instructed to click on any card from any deck. 

Each time they select a card, the computer tells them that they have won some 
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money and generates a sound and a smiling face appears on the screen. It 

occasionally says that they have lost some money too, which also generates a sound 

and a frowning face. At the top of the screen, there are two bars – a green bar that 

tracks the winnings and a red bar that displays losses or debts. The standard 

administration is 100 cards, though participants are not informed of this. Instead, the 

instructions are simply that they are free to switch from one deck to another and that 

some decks are worse than others. Participants are instructed that their goal is to win 

as much money as possible, or to avoid losing money as much as possible. An 

example of this paradigm is displayed in Figure 2. 

 

Figure 2. Example of Iowa Gambling Task interface. 

 

The four decks of cards (A, B, C, and D) each contain different reward and 

punishment schedules. Each deck contains 60 cards. The first two decks (A and B) 
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have large immediate gains (e.g., $100) but at unpredictable points they are have 

even larger losses. Deck A provides frequent smaller losses (e.g., $150) whereas 

Deck B has an infrequent large loss ($1250). Over time, it is disadvantageous to 

choose from Decks A and B as choosing all 60 cards from either of these decks will 

result in a large net loss of $3750. On the other hand, decks C and D have smaller 

immediate gains (e.g., $50) and even smaller long-term losses, meaning that 

choosing from these decks will result in profit (Bechara, 2007b). More specifically, 

Deck C has frequent small losses (e.g., $50) whereas Deck D has an infrequent larger 

loss (approximately $250). Choosing entirely from either Deck C or D results in a net 

gain over time of $1875.  

Performance on the IGT is examined in blocks of 20 cards, producing net 

scores for five blocks as well as a total net score. To obtain these net scores, the total 

number of cards selected from disadvantageous decks are subtracted from 

advantageous decks. That is, the net scores reflect (Deck C + Deck D) – (Deck A + 

Deck B) for each block. Age and education corrected T-scores and US census-

matched T-scores based on a normative sample of 932 participants are available for 

these indices (Bechara, 2007b). 

In the IGT literature, it is important to examine the total score in addition to 

the pattern of performance across the five blocks. Healthy participants have a 

tendency to sample all decks and repeat selections from decks A and B initially, 

however they then begin to select from decks C and B and only select from the 

disadvantageous decks occasionally (Bechara, Damasio, & Damasio, 2000). This 

shift from preferring the disadvantageous decks to the advantageous ones tends to 

occur at Block 2 or 3 (Beitz, Salthouse, & Davis, 2014; Levine et al., 2005; Yasuno 

et al., 2014), and often leads to healthy individuals performing advantageously (i.e., 
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choosing a greater number of cards from Decks C and D compared to A and B) on 

the IGT (e.g., Escartin et al., 2012; Waters-Wood, Xiao, Denburg, Hernandez, & 

Bechara, 2012). This shift in strategy is often referred to in the literature as 

“acquiring” the IGT (Dunn, Dalgleish, & Lawrence, 2006). In contrast, people with 

ventromedial prefrontal cortex (vmPFC) lesions (which, as described in Chapter 1, is 

associated with hot executive impairment; Chan et al., 2008) tend to start off 

similarly to healthy individuals before continuing to choose from disadvantageous 

decks throughout the task (Bechara et al., 2000) or swapping to advantageous blocks 

much later in the task (Levine et al., 2005), leading to disadvantageous performance 

on the IGT (i.e., selecting a greater number of cards from Decks A and B; Bechara et 

al., 1994). Some studies differentiate the requirements of the task in the first blocks 

compared to the later blocks. That is, the first block of trials is often described as 

requiring decision making under ambiguity, as the individual has not had enough 

experience with the task to anticipate the reward and punishment contingencies. 

Later blocks are described as requiring decision making under risk, as individuals 

who have acquired the task can make decisions based on the level of risk involved 

(Brand, Recknor, Grabenhorst, & Bechara, 2007; Buelow & Suhr, 2009). It could be 

argued then that the later trials have a greater degree of hot executive functioning 

involvement. 

Finally, in regards to psychometric properties, the IGT is described as a valid 

measure of hot decision making processes (Buelow & Suhr, 2009). In healthy 

individuals, concerns have been raised surrounding test re-test reliability, as once the 

task is acquired it cannot be un-acquired and the paradigm is no longer novel 

(Buelow & Barnhart, 2018). However, in people with ABI, no practice effects or 

recovery is seen on repeated administrations of the task (Waters-Wood et al., 2012; 
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Xiao et al., 2013). With regard to construct validity, Bechara (2007b) described the 

IGT as being sensitive to decision making impairments but not necessarily specific to 

frontal lobe impairment, and broader literature describing the IGT emphasised the 

importance of using the IGT as only one component of a broader assessment of 

executive functioning (Buelow & Suhr, 2009). Despite this, the IGT has been shown 

to detect decision making impairments in a range of populations where one would 

reasonably expect decision making impairment, including people with vmPFC 

lesions (Bechara et al., 1994), substance use disorders (Bechara & Martin, 2004), and 

pathological gambling disorders (Cavedini, Riboldi, Keller, D’Annucci, & Bellodi, 

2002). Furthermore, the IGT has demonstrated ecological validity in real-life 

decision making in individuals with substance use disorders (Verdejo-Garcia, 

Bechara, Recknor, & Perez-Garcia, 2006). The IGT was also demonstrated to be 

more sensitive than other tests of decision making in people with prefrontal cortex 

damage (Manes et al., 2002), indicating convergent validity (Gansler, Jerram, 

Vannorsdall, & Schretlen, 2011). Finally, regarding convergent/discriminant validity, 

the IGT has generally showed little relationship with other executive functioning 

tests (Gansler et al., 2011; Toplak, Sorge, Benoit, West, & Stanovich, 2010), though 

this is not surprising as it was designed to measure a process not tapped by traditional 

executive functioning measures (Bechara et al., 1994).  

3.3 The Somatic Marker Hypothesis 

There have been multiple theories to explain the neuropsychological 

processes underpinning the IGT. The most well-known and frequently discussed 

theoretical model in the broader literature is the Somatic Marker Hypothesis (SMH; 

Damasio, 1996). The SMH was developed in an attempt to account for the changes 

in emotion and decision making that can occur following acquired brain injury (e.g., 
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damage to the vmPFC; Schneider & Koenigs, 2017). The SMH states that decision 

making is influenced by changes in body states driven by emotion, such as changes 

in endocrine release, heart rate, smooth muscle contraction, posture, facial 

expression, and fight or flight responses (Bechara & Damasio, 2005; Damasio, 

1996). These signals (termed somatic markers) can lead to a release of certain 

neurotransmitters and a modification of somatosensory maps such as those in the 

insular cortex (Bechara & Damasio, 2005; Damasio, 1996).  

However, a person does not need to follow through with a decision to 

generate a somatic marker, but rather simply needs to contemplate making the 

decision. While somatic markers can be formed from the body’s reactions to an 

experience (termed the “body-loop” or primary inducer), the brain may also 

anticipate how the body will react without waiting for that activity to actually occur 

in the body, which generates somatic markers (Damasio, 1996). This is called the 

“as-if” body loop, and it is these somatic markers that can be used to guide decision 

making in the moment (Bechara & Damasio, 2005; Damasio, 1996). Furthermore, 

somatic states can also be triggered by memories of a decision and its outcome 

(Damasio, 1996). Taken together, the SMH states that, for every option contemplated 

on the IGT, a somatic marker is generated which helps indicate the value of a certain 

option, and to boost attention and working memory towards that option (Damasio, 

1996). This helps in situations where the correct option is uncertain or complex and a 

logical cost-benefit analysis is not possible, as these somatic markers reduce the 

problem down to a more manageable size because each option is associated with a 

somatic marker to help decide whether it should be processed fully (Dunn et al., 

2006).  
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 The SMH therefore postulates that decision making deficits can occur 

following damage to cortical areas required to integrate somatic markers when 

evaluating different options in decision making (Damasio, 1996). The vmPFC in 

particular is thought to be the area which integrates the somatic markers from the as-

if body loop with response options (Dunn et al., 2006). Therefore, those with damage 

to the vmPFC would be unable to integrate this information and only be able to make 

decisions based on cost-benefit analysis and would be unable to use prior emotional 

experiences to help guide their decision making. Thus, in situations where the 

outcomes are ambiguous or unclear, such as the IGT where participants must learn 

the pattern over time, a cost-benefit analysis would be impossible which could lead 

to procrastination or the selection of options that favour immediate reward (Dunn et 

al., 2006). Thus, this would reduce their efficiency and increase the time-cost in 

decision making. Furthermore, disruption to the circuits that produce these somatic 

markers may change the representation or regulation of the somatic marker. As such, 

damage to the amygdala, insula, somatosensory cortex, anterior cingulate, basal 

ganglia, or brainstem nuclei could also lead to risky decision making (Dunn et al., 

2006; Poppa & Bechara, 2018). 

3.3.1 Evidence for the SMH 

Much of the initial support for the SMH has come from findings that people 

with lesions to brain regions implicated in the hypothesis show poorer performance 

on the IGT compared to people with lesions to other areas of the brain or healthy 

participants (e.g., Bechara et al., 1994; Bechara, Tranel, Damasio, & Damasio, 

1996). Bechara et al. (1994) found participants with bilateral vmPFC lesions (n = 6) 

demonstrated poorer performance on the IGT compared to participants with other 

types of brain injury (e.g., occipital, temporal, or dorsolateral prefrontal cortex 
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(dlPFC) lesions; n = 9) and healthy individuals (n = 44). Furthermore, participants 

with damage to other areas implicated in the SMH such as the amygdala (Bechara et 

al., 2000) or insula (Bar-On, Tranel, Denburg, & Bechara, 2003) also demonstrate 

impaired IGT performance. Contrary to this, there is also evidence that people with 

lesions to areas other than those implicated in the SMH also demonstrate impairment 

on the IGT (e.g., Manes et al., 2002; Ouerchefani, Ouerchefani, Allain, Ben Rejeb, & 

Le Gall, 2017). For example, Manes et al. (2002) found that people with dlPFC 

lesions and large frontal lesions showed a greater impairment on the IGT compared 

to those with vmPFC lesions. Thus, the relationship between impaired IGT 

performance and lesions to areas implicated in the SMH might not be as robust as 

previously thought. 

Studies using skin conductance methodologies have produced results 

interpreted as providing evidence for the SMH (Bechara et al., 1996). Specifically, 

both healthy individuals and those with vmPFC lesions developed skin conductance 

responses to the IGT in response to reward and punishment (i.e., feedback 

responses). However, healthy individuals but not people with vmPFC lesions also 

began to develop anticipatory skin conductance responses prior to selecting a card, 

and these responses were greater when selecting cards from disadvantageous decks. 

The absence of anticipatory skin conductance responses in those with vmPFC lesions 

was correlated with impaired IGT performance (Bechara et al., 1996), and this 

relationship between anticipatory skin conductance responses and acquisition of the 

IGT has been shown across a range of studies and populations (e.g., Carter & Smith 

Pasqualini, 2004; Denburg, Recknor, & Bechara, 2006; Tchanturia et al., 2007). In 

contrast, Dunn et al.’s (2006) review argued that the presence of anticipatory skin 

conductance responses is not reliably found. In healthy individuals, reliable 
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anticipatory skin conductance responses on the IGT have only been found in a 

subgroup of the best performing individuals, with moderately performing healthy 

individuals not showing any differentiation between decks (Crone, Somsen, Beek, & 

Van Der Molena, 2004). That is, a person could still have adequate performance on 

the IGT without having to generate any external somatic markers (Crone et al., 

2004). Furthermore, in healthy participants, anticipatory skin conductance responses 

were not related to the number of risky selections made during the IGT, though 

feedback responses (that is, a response after a selection) were (Suzuki, Hirota, 

Takasawa, & Shigemasu, 2003), indicating there may still be a somatic element to 

performance on the IGT. Thus, while there appears to be an emotional response to 

the IGT reflected in skin conductance responses, the original theory of anticipatory 

responses does not account for this. That is, anticipatory skin conductance responses 

are not always demonstrated but emotional responses may still be used to help judge 

whether an advantageous decision was made after making a selection. 

Critics of the SMH have argued that the IGT is not opaque and does not 

necessitate somatic markers – that is, the SMH assumes somatic markers are used to 

guide decision making on the IGT as a logical cost/benefit analysis is not possible 

(Dunn et al., 2006) and acquiring the IGT is thought to be implicit rather than 

declarative (Bechara, Damasio, Tranel, & Damasio, 1997). Bechara et al. (1997) 

claimed that the IGT is opaque by frequently interrupting task performance in 

healthy individuals and people with vmPFC lesions to ask if they knew what was 

happening in the task. Thirty percent of the healthy individuals did not reach a point 

where they could accurately state what was happening (named the conceptual 

period), yet they still performed normally on the IGT. In contrast, 50% of the 

participants with vmPFC lesions did reach the conceptual period, but still did not 
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perform well on the task. Furthermore, anticipatory skin conductance responses were 

developed, differentiating between advantageous and disadvantageous decks prior to 

reaching the conceptual period. This was used as evidence to suggest a process 

separate to logic and reasoning was being used to guide performance on the IGT (i.e., 

the generation of somatic markers; Bechara et al., 1997). Maia & McClelland (2004), 

however, disputed this, arguing that the questions used in Bechara et al.’s (1997) 

study were too broad and open ended. They asked healthy individuals more specific 

questions and demonstrated that all participants who showed advantageous 

performance on any given block showed knowledge of an advantageous strategy on 

that trial. They further found that participants develop conscious understanding of the 

task prior to the differentiation in skin conductance reported in Bechara et al.’s 

(1997) study. This was further supported by Fernie and Tunney (2013) who found no 

evidence of differential anticipatory skin conductance responses, and rather that 

healthy individuals develop knowledge of the task and learn to select from 

advantageous decks. As such, they concluded the IGT is more cognitively penetrable 

than previously thought and this may guide behaviour rather than the generation of 

somatic markers (Maia & McClelland, 2004). 

Finally, critics of the SMH have further argued that deficits seen in the IGT 

may be due to problems with reversal learning rather than the ability to integrate 

emotional signals in decision making (e.g., Maia & McClelland, 2004). Reversal 

learning involves learning to inhibit a previously rewarded response and shift to a 

new one (Bechara, Damasio, Tranel, & Damasio, 2005). Fellows and Farah (2004) 

argued that, when performing the IGT, participants must shift away from decks that 

were initially advantageous – that is, the reward/punishment scheme means that 

decks A and B initially provide high rewards without punishment. They tested this 
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by modifying the IGT so that the punishments in each deck came within the first few 

trials, meaning that decks A and B no longer had an initial advantage. Following this, 

participants with vmPFC lesions moved away from selecting from decks A and B 

and demonstrated equivalent performance to healthy individuals. Thus, the authors 

concluded the deficit on the IGT may be due to difficulties with reversal learning 

(Fellows & Farah, 2004). However, Bechara et al. (2005) argued that, while there is a 

component of reversal learning required in the IGT, this does not fully explain the 

deficits seen. They stated that while some people who demonstrate reversal learning 

problems on other tasks also demonstrate impaired IGT performance, there are also 

participants who perform poorly on the IGT who demonstrate intact reversal learning 

on other tasks (e.g., Clark, Cools, & Robbins, 2004). Further evidence for this can be 

seen in people with schizophrenia, who are able to acquire the IGT but when a 

component requiring cognitive flexibility and reversal learning was introduced to the 

task, they had significant difficulties adapting their performance (Turnbull, Evans, 

Kemish, Park, & Bowman, 2006).  

Taken together, there are significant criticisms of the SMH, and it is difficult 

to reconcile the SMH with the empirical evidence mounted against it (Dunn et al., 

2006). However, despite these criticisms and regardless of the theoretical model 

underlying the IGT, the IGT is still widely considered to be a valid and reliable 

measure of hot executive functioning (Buelow & Suhr, 2009; Dunn et al., 2006). As 

such, the focus of this thesis will be on the IGT as a measure of hot executive 

functioning following ABI, independent of the SMH.  

3.4 Neuroanatomical Underpinnings of the IGT 

Initial studies using the IGT focused on the decision making impairment seen 

in people with vmPFC lesions and areas related to the SMH (e.g., Bechara et al., 
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1994), which have been shown to produce a deficit on the IGT across a range of 

studies (e.g., Bolla et al., 2003; Clark, Manes, Antoun, Sahakian, & Robbins, 2003; 

Sanfey et al., 2003). For example, Bechara et al. (2000) investigated 45 people with 

different lesions to the prefrontal cortex and 35 people with lesions to the lateral 

temporal or occipital cortex and found that only those with damage to the vmPFC or 

the amygdala demonstrated IGT impairment. This has been supported by studies 

investigating participants with medial prefrontal cortex damage following anterior 

communicating artery rupture (Escartin et al., 2012) and in people with vmPFC 

lesions when using a modified version of the IGT (Sanfey et al., 2003). Functional 

neuroimaging studies have further supported the role of the vmPFC in IGT 

performance, with focal signal changes seen on fMRI in the vmPFC when 

completing the IGT (Akitsuki et al., 2003; Bolla et al., 2003; Patterson, Ungerleider, 

& Bandettini, 2002), and medial prefrontal cortex activity being associated with risky 

decisions but not safe ones (Fukui et al., 2005). 

However, many studies have argued that damage to frontal areas outside the 

vmPFC can also produce an IGT deficit. Manes et al. (2002) found IGT impairment 

in people with large frontal lesions or dlPFC and dorsomedial lesions, while those 

with vmPFC lesions were relatively unimpaired compared to healthy individuals. 

Furthermore, Ouerchefani et al. (2017) found no difference in IGT performance 

between people with vmPFC, dlPFC, and large frontal lesions, suggesting that the 

cause for this deficit may differ between the groups. That is, it is possible those with 

vmPFC lesions had difficulties with reward learning and valuation, whereas those 

with dlPFC lesions had working memory or other cold executive functioning 

impairments (Ouerchefani et al., 2017). Furthermore, MacPherson et al. (2009) also 

found no difference between people with vmPFC lesions and other frontal lesions on 
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the IGT, concluding that both groups were impaired compared to healthy individuals. 

These findings have also been supported by functional neuroimaging studies that 

have implicated the dlPFC (Lawrence, Jollant, O’Daly, Zelaya, & Phillips, 2009; 

Suhr & Hammers, 2010), superior medial frontal lobes (Fujiwara, Schwartz, Gao, 

Black, & Levine, 2008), and other posterior and temporal regions (Lawrence et al., 

2009) in IGT performance. By contrast, other studies have not found any impairment 

on the IGT in people with dlPFC or other frontal region lesions (Bechara et al., 2000; 

Clark et al., 2008). 

 People with injuries to non-frontal areas such as the amygdala, insula, white 

matter, and posterior areas of the brain have also demonstrated IGT impairment. The 

amygdala is a structure in the temporal lobe that has been long implicated in emotion 

and fear based learning (Rutishauser, 2016), and those with amygdala lesions have 

shown impairment on the IGT (e.g., Bar-On et al., 2003). It is thought the amygdala 

triggers automatic responses during the IGT that are then interpreted by the vmPFC 

(Gupta, Koscik, Bechara, & Tranel, 2011). Lesions to the insula deep within the 

lateral sulcus may also produce an impairment on the IGT as somatic representations 

are postulated to be held in the insula (Bechara & Damasio, 2005) and projected to 

the vmPFC (Ongür & Price, 2000). This was supported by Clark et al. (2008) who 

found a similar level of impairment on the Cambridge Gamble Task between people 

with vmPFC lesions and insula lesions compared to healthy individuals and people 

with lesions to other areas. Lesions to subcortical areas have also been implicated in 

risky decision making, likely due to their connections with the prefrontal cortex 

(Broche-Pérez, Herrera Jiménez, & Omar-Martínez, 2016). As such, subcortical 

areas including the caudate nucleus (e.g., Broche-Pérez et al., 2016), thalamus (e.g., 

Rosenbloom, Schmahmann, & Price, 2012), ventral and dorsal striatum (e.g., 
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Rosenbloom et al., 2012), and midbrain (e.g., Lane et al., 2010) have been postulated 

to contribute to IGT performance. White matter integrity more generally has also 

been thought to play a role in risky decision making (Kohno, Morales, Guttman, & 

London, 2017; Lane et al., 2010), however other studies have disputed this finding 

(Fujiwara et al., 2008; Levin et al., 2010). Lesions to posteriors areas such as the 

hippocampus (indicating a role for declarative memory in forming an understanding 

of the relationship between decks and their associated rewards; Gupta et al., 2009) 

and cerebellum (thought to represent the disconnection of prefrontal pathways; 

Cardoso et al., 2014) have also been demonstrated to produce an IGT impairment.  

Taken together, it appears that lesions to multiple brain structures including 

the frontal lobes, amygdala, insula, and subcortical areas such as the thalamus and 

striatum can produce impairment on the IGT. As described in Chapter 1, these are 

also areas that are particularly vulnerable in ABI (Petersen, Eslinger, Reichwein, & 

Marshall, 2012; Rabinowitz & Levin, 2014; Stuss & Alexander, 2000). That is, TBI 

most commonly results in focal contusions to the frontal lobes (Gennarelli & 

Graham, 1998), in addition to the shearing of white matter axons caused by diffuse 

axonal injury (Andrés, 2003; Stuss & Alexander, 2000). In people with strokes, 

which is the most common form of non-traumatic ABI (Feigin, Barker-Collo, 

Krishnamurthi, Theadom, & Starkey, 2010), cerebrovascular disease most commonly 

affects the middle cerebral artery which supplies the frontal lobes (Adams & Ropper, 

1997), and subcortical areas (Bombois et al., 2007), putting people at risk of 

disrupted connections between the above-described areas (Hoffman, Schmitt, & 

Bromley, 2009). As such, people with ABI are vulnerable to impairment on the IGT 

and it is likely the IGT is particularly sensitive to the impact of ABI.  
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3.5 Conclusions 

The IGT is considered to be a highly sensitive and ecologically valid measure 

of risky decision making, despite the criticism of the SMH (Buelow & Suhr, 2009; 

Dunn et al., 2006). Furthermore, people with brain injuries may be uniquely 

vulnerable to IGT impairment, given the susceptibility of frontal and subcortical 

structures to damage following ABI (e.g., Stuss & Alexander, 2000). The IGT 

appears to detect an impairment following ABI not captured by traditional cold 

executive functioning measures (Bechara, 2007b; Schneider & Koenigs, 2017) which 

may have a profound impact on a person’s day-to-day life. The impact impaired 

decision making has on a person’s daily life has been, to date, primarily captured in 

case studies such as that of EVR (Eslinger & Damasio, 1985) and this is yet to be 

investigated as part of a larger systematic study. 

The remainder of this thesis had three aims. First, Chapter 4 investigated the 

IGT as a significant unique predictor of the presence of ABI and quantified the 

sensitivity and specificity of the IGT in the context of cold executive functions. 

Furthermore, the level of impairment expected on the IGT following ABI has yet to 

be established, as studies have been predominantly isolated to investigating the 

impact of specific lesion locations (e.g., the vmPFC) on IGT performance. As such, 

this thesis aimed to clarify the level of IGT impairment expected following ABI in 

adults, regardless of lesion location. Third, Chapter 5 aimed to investigate the unique 

utility of the IGT in predicting real-world functional outcome following ABI. 

Specifically, it was hypothesized that poorer hot executive functioning (as measured 

by the IGT) would be a unique predictor of poorer functional outcome. 
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4.1 Abstract 

While cold executive functions have been extensively studied, little is known 

about hot executive functioning following acquired brain injury (ABI) in adults. 

Previous literature in this area has been limited to small sample sizes and participants 

with lesions to specific areas of the brain, rather than characterizing performance in 

people with ABI more generally. Furthermore, while tests of hot executive functioning 

are often described as being sensitive to ABI, this has not been studied empirically. 

Thus, this study investigated the sensitivity, specificity, and pattern of performance on 

an exemplar measure of hot executive functioning – the Iowa Gambling Task (IGT). 

Sixty-six adults with ABI of mixed aetiology and 66 healthy demographically-matched 

individuals participated. Participants completed tests of cold executive functioning (set 

shifting, inhibition, working memory updating, and generativity) in addition to the IGT. 

Cold executive functions were found to be significantly predictive of participant type 

(that is, whether the individual had an ABI or not) when included in a bivariate logistic 

regression (R2 = .31 - .42), correctly classifying 73.6% of participants. When the IGT 

was included in the logistic regression, cold executive functions were no longer 

significant unique predictors, p > .05. The IGT was the only significant unique predictor 

in the model, and the model correctly classified 86.4% of participants, and accounted for 

51 - 68% of variance in participant type. Impairment on the IGT was also examined, 

with people with ABI performing significantly below healthy individuals as reflected in 

both net raw scores and demographically-corrected T-scores. Results suggested a high 

level of hot executive functioning impairment, regardless of lesion location following 

ABI, and that the IGT is a sensitive measure of hot executive functioning impairment. 
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4.2 Introduction 

As outlined in previous chapters, the nature of impairment in cold executive 

functions in acquired brain injury (ABI), including traumatic brain injury (TBI), has 

been studied extensively, and cold executive functioning has shown some utility in 

differentiating individuals with ABI from healthy individuals. However, given the recent 

focus on the importance of hot executive functioning in characterizing impairment 

following ABI, it is interesting to note the paucity of literature evaluating these functions 

in ABI. Therefore, the first aim of this study was to evaluate the utility of an exemplar of 

hot executive functioning – the Iowa Gambling Task (IGT) – in adding unique 

information when differentiating individuals with ABI from a healthy comparison group. 

The IGT is often described as a measure of hot executive functioning due to the 

requirement to weigh up risk, punishment, and reward, and functional neuroimaging 

studies of IGT performance demonstrate activations of the brain implicated in reward 

and emotion processing (e.g., Buelow & Suhr, 2009; Fukui, Murai, Fukuyama, Hayashi, 

& Hanakawa, 2005). There is a lack of characterization of the pattern and severity of 

IGT impairment following ABI, with previous studies of the IGT in brain injured 

populations having significant psychometric and methodological limitations. Therefore, 

the second aim of the study is to characterize the normative performance on the IGT 

across a range of ABI severity, regardless of lesion location.  

4.2.1 Cold Executive Functions and ABI 

Cold executive functions refer to logical, rational executive processes with little 

or no emotional or motivational components (Chan, Shum, Toulopoulou, & Chen, 

2008). Typical cold executive functions include the processes outlined in the expanded 
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Miyake et al. (2012; 2000) model, for example, set shifting, working memory updating, 

inhibition and generativity (Adrover-Roig, Sesé, Barceló, & Palmer, 2012; Fisk & 

Sharp, 2004).  

Although the majority of literature has supported the predictive utility of tests of 

cold executive function in differentiating people with ABI from comparison subjects, the 

findings of previous studies have varied in the strength of the estimated association. For 

example, using the Trail Making Test B and D-KEFS Sorting Test, Heled et al. (2012) 

demonstrated that tests of set shifting have high sensitivity (88 to 90%) and specificity 

(65 to 82%) in predicting whether an individual had a severe TBI (as compared to 

healthy individuals), correctly classifying 84.2% of participants. Similar results were 

also demonstrated by Anderson et al. (2017). However, in people with mild injuries 

(Wammes, Good, & Fernandes, 2017) or those ten years after their injury (Draper & 

Ponsford, 2008), set shifting measures did not differentiate between those with or 

without an ABI. With regard to inhibition, using the Hayling Test and Sustained 

Attention and Response Test, Draper and Ponsford (2008) demonstrated these tests 

correctly discriminated between TBI participants and healthy individuals in 63% of 

cases, though this was not found by Vaughan et al. (2017) using a measure requiring 

inhibition of motor responses. Furthermore, tests of working memory updating and fluid 

reasoning have also been found to differentiate between TBI and comparison groups 

using the Neuropsychological Assessment Battery Screening Module (NAB-S; Hacker 

et al., 2017). Taken together, there is some limited evidence for tests of cold executive 

functioning in differentiating people with ABI from healthy individuals, though the 

literature is mixed. This may be attributed to the diversity of the samples studied due to 
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the injury severity or time since injury, in addition to utilizing different tests. However, 

the establishment of sensitivity and specificity of tests to ABI is important as clinicians 

aim to select tests likely to detect impairment following ABI (e.g., Anderson et al., 2017; 

Armstrong, Allen, Donohue, & Mayfield, 2008) or to detect a possible ABI where 

neuroimaging is not feasible (e.g., in combat zones, Donnelly et al., 2011), and avoid 

falsely accusing a person of malingering ABI where cognitive impairment is present but 

not detected on neuropsychological testing due to inadequate sensitivity (e.g., Gouvier, 

Hayes, & Smiroldo, 1998). 

4.2.2 Hot Executive Functioning and ABI 

In contrast to cold executive functions used in novel rational or logical tasks, hot 

executive functions are thought to be employed in emotional or motivational tasks (Chan 

et al., 2008) . They are also considered to be used in situations that require socially 

acceptable behaviour, delayed gratification, understanding risk, processing reward and 

punishment, and emotional regulation (Brevers, Bechara, Cleeremans, & Noël, 2013; 

Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009; Chan et al., 2008). 

Measures of hot executive functioning have shown some initial promise in 

differentiating healthy individuals from various groups, including those with gambling 

problems (Ciccarelli, Griffiths, Nigro, & Cosenza, 2017; Nigro & Cosenza, 2016) and 

psychosis (MacKenzie et al., 2017). Conversely, this has not been found in other 

populations, such as frontotemporal dementia (Bertoux, Funkiewiez, O’Callaghan, 

Dubois, & Hornberger, 2013) or substance use disorders (Hagen et al., 2016). Of note, in 

the only study to evaluate the utility of hot executive functioning in ABI, there was some 

support for its utility in differentiating groups. Azouvi et al. (2016) interviewed TBI 
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participants’ family members with the Behavioral Dysexecutive Syndrome Inventory, 

which asks about changes in several neurobehavioral symptoms including apathy-abulia, 

hyperactivity/distractibility, irritability, impulsivity, emotional lability, and social 

behaviour. This mirrors the motivational and emotional changes reported in people with 

hot executive functioning impairment (e.g., Barrash, Tranel, & Anderson, 2000). In 

addition to this interview, they administered traditional neuropsychological tests of cold 

executive functions to 112 people with TBI and 780 healthy individuals. Notably, only 

half of the total sample of TBI participants were able to provide informant ratings, as 

many did not have a close family member or friend. While generativity, set shifting, and 

inhibition demonstrated a 55% sensitivity in classifying participants as having a brain 

injury, behavioural reports of hypoactivity, anticipation/initiation, and 

hyperactivity/distractibility demonstrated 72% sensitivity in classifying TBI. The 

authors argued that the relatively low sensitivity of traditional tests of executive 

functioning highlight the need for more novel measures of executive functioning that 

may show greater ecological validity. Thus, further research would be helpful to 

establish the predictive utility of hot executive functioning in identifying people with 

ABI. 

To date, previous literature in this area has been limited to subjective reports 

relying on participants to have a reliable informant, rather than more objective 

behavioural measures. The Iowa Gambling Task (IGT) is an exemplar objective 

behavioural measure of hot executive functioning that employs a risky decision making 

paradigm requiring individuals to forego immediate large rewards to avoid longer term 
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punishments (Bechara, 2007).6 The IGT is often described as a sensitive measure of 

risky decision making following ABI (e.g., Dunn et al., 2006), however, this assertion 

has not been tested directly. Furthermore, the IGT literature in ABI has been 

predominantly restricted to small samples, with studies examining IGT performance in 

people with specific lesion locations such as individuals with lesions restricted to the 

ventromedial prefrontal cortex (vmPFC; Bechara, Damasio, Damasio, & Anderson, 

1994), rather than in a broader ABI sample. Consequently, the expected level of 

impairment and pattern of performance on the IGT following ABI is yet to be 

established. 

Previous literature has demonstrated an impairment on the IGT following lesions 

to specific cerebral areas, such as to the vmPFC (e.g., Bechara, Damasio, & Damasio, 

2000), dorsolateral prefrontal cortex (dlPFC; e.g., Ouerchefani, Ouerchefani, Allain, Ben 

Rejeb, & Le Gall, 2017), or amygdala and insula (e.g., Bar-On, Tranel, Denburg, & 

Bechara, 2003). However, few studies have investigated the level of impairment seen in 

the IGT following ABI regardless of lesion location. As seen in Table 9, to date, eight  

 

 
6 It is noted that there is limited research on the dimensions of hot executive functioning, 

though it may well consist of multiple dimensions much like cold executive functions. 

As such, the IGT is considered one measure of hot executive functioning though other 

studies measure possibly measure different dimensions such as emotional regulation 

(e.g., Ganesalingam et al., 2011). Further research in this needed in this area to 

determine the factor structure and dimensions of hot executive functions, and the 

relationships between these dimensions. 
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Table 9 

Summary of Studies Investigating Iowa Gambling Task (IGT) Performance in ABI 

Study Sample Results Relating to IGT Performance Conclusions 

Bonatti et al. 

(2008) 

Clinical sample: 21 adults 

(Age M = 34.5, SD = 

11.8) with TBI, ranging 

from 3 to 21 months post 

TBI. Severity not 

reported. 

 

Comparison sample: 20 

healthy adults (Age M = 

31.9. SD = 13.1) matched 

for age and education. 

Number of advantageous choices (selections from decks C 

+ D) examined. 

TBI participants made significant fewer advantageous 

choices (M = 49.00, SD = 17) compared to healthy 

individuals (M = 60.9, SD = 14.9), d = .74. There was an 

increase in advantageous selections from Block 1 to Block 

3, and people with TBIs chose less advantageously than 

healthy individuals particularly in the last 3 blocks.  

Using a cut-off of 61 or more advantageous selections, 

60% of healthy individuals and 23.8% of TBI participants 

were “unimpaired”. Using a cut-off of 61 or more 

disadvantageous selections, 10% of healthy individuals 

and 23.8% of TBI participants were “impaired”. The 

remaining participants were considered “borderline”.  

Overall, the study concluded 

people with TBI demonstrate 

impaired decision making. 

Specifically, the authors argued 

those with TBI demonstrate 

impaired learning in decision 

making, and do not necessarily 

benefit from negative feedback 

provided in the IGT. At the time 

of publication, normative data 

was unavailable, and the authors 

argue for a need for standardized 

gambling task norms. 
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Cardoso et al. 

(2015) 

Clinical sample: 99 adults 

with stroke, tested 19 to 

23 months following 

injury. It is noted that 

these participants were 

generally older than those 

included in other studies 

(aged 20 – 85, Mean 

~58). 

Comparison sample: No 

comparison sample was 

utilised. 

Total net raw score on the IGT demonstrated a mean of -

3.97 (19.12). Means for each IGT Block ranged from -

1.66 to -.07, with no clear pattern to performance. This 

was not examined statistically. 

The study focused predominantly 

on the relationship between the 

IGT and other cold executive 

functioning variables. It 

concluded the results indicated a 

dissociation between hot and cold 

executive processes. The author 

further argued an examination of 

executive deficits following a 

stroke would be beneficial. 

Cotrena et al. 

(2014) 

Clinical sample: 55 adults 

(Age M = 34.9, SD = 14) 

with mild to severe TBI. 

Time since injury not 

reported. 

Significant difference between people with TBI and 

healthy individuals was seen on total net raw score, 

however, means for these groups were not reported. TBI 

participants selected more frequently from 

disadvantageous decks compared to healthy individuals, 

and less frequently from advantageous decks. No effect of 

People with TBI had poorer 

performance on the IGT than 

healthy individuals, and the study 

concluded these results are in line 

with the general tendency to 

demonstrate impairment in 
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Comparison sample: 55 

healthy adults matched 

for age (Age M = 33.4, 

SD = 17.4). Gender, 

education, and history of 

psychiatric disorder were 

controlled for. 

IGT block was found, though an interaction with 

education was seen. No difference was seen between 

people with frontal injuries and non-frontal injuries, nor 

with mild or severe injuries.  

Using a cut-off score of >10, 21.8% of TBI participants 

and 60% of healthy individuals were considered 

“unimpaired”. Using a cut-off score of <-10, 41.8% of 

TBI participants and 7.27% of healthy individuals were 

considered “severely impaired”. 

decision making following TBI. 

There was no impact of injury 

location or severity. As there was 

a significant interaction with 

education, the authors highlighted 

the importance of socioeconomic 

factors in IGT performance.  

Fonseca et al. 

(2012) 

Clinical sample: 18 adults 

(Age M = 37.31, SD = 

13.65) with mild to severe 

TBI, tested 1 to 50 

months following injury. 

Comparison sample: 16 

healthy individuals (Age 

M = 32.88, SD = 13.09) 

No significant different found on the IGT total raw score 

in people with TBI (M = -6.88, SD = 11.95) and healthy 

individuals (M = -3.50, SD = 25.67). No between-groups 

differences were seen between blocks, though 

examination of the learning curve indicated healthy 

individuals changed their performance during Block 4. 

Overall, people with TBI chose more frequently from 

Deck A than healthy individuals.  

No impairment was seen on IGT, 

though a higher rate of choosing 

from disadvantageous decks was 

seen in ABI, and it was argued 

there was a tendency towards 

deficits seen in people with TBI. 

The authors queried whether the 

small sample size may have 

impacted their results and argued 
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matched for age and 

education. 

that it appears non-frontal TBI 

may also produce a decision 

making impairment. 

Levin et al. 

(2010) 

Clinical sample: 37 adults 

(Age M = 31.5, SD = 7.2) 

with mild to moderate 

blast related TBI within 

42 months of injury. Five 

participants showed 

lesions on neuroimaging. 

Comparison sample: 15 

veteran adults (Age M = 

31.4, SD = 5.4) without 

brain injuries, matched for 

age, education, and pre-

injury IQ. 

No significant differences on the IGT total net raw score 

demonstrated between TBI (M = 3.65, SD = 23.74) and 

healthy individuals (M = 8.0, SD = 26.33). There were no 

between group differences on Blocks 1 to 5. The pattern 

of performance was not reported. 

Authors concluded that no deficit 

was seen on the IGT between 

those with blast related TBI and 

healthy individuals, nor was there 

evidence of a greater number of 

outliers. As such, the authors 

concluded the study did not 

support dysfunction in the neural 

system underpinning decision 

making in veterans with blast 

related mild TBI. 

Levine et al. 

(2005) 

Clinical sample: 71 adults 

with mild to severe TBI, 

When participants with TBI were collapsed into one group 

(as opposed to separated by injury severity), TBI 

The IGT was considered to be 

sensitive to TBI, and that this is 
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tested approximately one 

year post-injury. Mean 

age ranged from 28.5 to 

32.5 (SD = 7.6 to 12.4), 

depending on injury 

severity group. 

Demographics for the 

total sample were not 

reported. 

Comparison sample: 22 

healthy adults (Age M = 

29.6, SD = 8.9) matched 

for age, education, and 

vocabulary. 

participants (M = 4.1, SD = 20.4) demonstrated 

significantly lower total net raw scores than healthy 

individuals (M = 14.8, SD =21.4), Hedge’s g = .52. When 

examining the pattern of performance, healthy individuals 

tended to shift to more advantageous performance during 

Block 2, whereas the TBI participants did not shift until 

Blocks 3-5. 

When using a cut-off score of <10, 72%, 65% and 60% of 

mild, moderate, and severe TBI participants respectively 

fell below the cut-off. 41% of healthy individuals 

performed below this cut-off. The differences between 

these groups was not significant. When using a cut-off 

score of <-10, 20%, 15%, and 30% of mild, moderate, and 

severe TBI participants fell below the cut-off. 9% of 

healthy individuals performed below this cut-off.  

best seen in the pattern of 

performance rather than the total 

score. The IGT was not sensitive 

to the severity of injury, with 

mild, moderate, and severe TBI 

showing similar levels of 

impairment. Poorer performance 

was related to large focal frontal 

lesions.  

Sigurdardottir et 

al. (2010) 

 

Clinical sample: 100 

adults (median age = 33) 

with mild to severe TBI, 

Total net score for IGT not reported. Age and substance 

use were controlled for, though no effects were seen. No 

significant difference seen on the IGT net raw scores in 

Decision making deficits were 

common following TBI. 83% of 

sample had frontal lesions, and 



 

 

Chapter 4: Characterizing Iowa Gambling Task Performance Following Acquired Brain Injury in Adults       155 

 

 

tested three months after 

injury.  

Comparison sample: No 

comparison sample 

utilised for IGT data. 

each block between mild, moderate, and severe injuries. 

IGT scores did not differ based on lesion location (e.g., 

frontal, diffuse) or lateralization of injury. Mean for each 

block ranged from -3.7 to 2. 

Using a cut-off score of total net score of <10, 74% of 

mild, 72% of moderate, and 89% of severe injuries 

demonstrated impaired decision making. Using a cut off 

total net score <-10, 39% of the sample were considered 

severely impaired on the IGT. 

the authors questioned whether 

their sample may demonstrate 

great decision-making deficits as 

a result. The authors further 

queried whether a more general 

(cold) executive impairment 

underpins the IGT deficit seen.  

van Noordt & 

Good (2011) 

Clinical sample: 18 

university students with 

self-reported mild TBI. 

Seven of these 

participants sought 

medical attention. 

Demographic information 

was not reported 

separately for groups, 

Percentile ranks on the IGT were examined. No difference 

in means were observed between people with self-reported 

mild TBI (M = 42.08, SD = 35.17) and without TBI (M = 

46.50, SD = 29.59). As severity of the injury increased (as 

rated on a 13-point scale), the proportion of advantageous 

decisions on the IGT decreased (r = .51, p = .03). 

Participants with mild TBI had lower anticipatory skin 

conductance responses. 

Even those with mild TBI can 

have subtle changes on the IGT in 

regard to their physiological 

arousal when completing the task. 
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however total sample 

mean age was 19.8 (SD = 

2.3).  

Comparison sample: 26 

university students with 

no self-reported history of 

TBI. 
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studies have investigated impairment following ABI on the IGT regardless of lesion 

location, though not all studies have utilized a comparison group. Importantly, a 

majority of studies reported some level of IGT impairment following ABI, and moderate 

to large reported effect sizes when compared to healthy individuals (e.g., Bonatti et al., 

2008; Levine et al., 2005), though other studies have not found such differences (e.g., 

Fonseca et al., 2012; Levin et al., 2010). Furthermore, there is variability across these 

studies in whether demographic factors are controlled for, whether a healthy comparison 

group is included, and which scores on the IGT are examined. These factors make it 

difficult to draw conclusions between studies about the pattern of performance expected 

on the IGT following ABI.  

An additional problem in this area of research is that researchers define 

impairment on the IGT in slightly different ways. While some look at between groups 

differences, comparing people with injuries to healthy individuals (e.g., Clark, Manes, 

Antoun, Sahakian, & Robbins, 2003), other studies use a cut-off total raw score of <10 

(e.g., Sigurdardottir, Jerstad, Andelic, Roe, & Schanke, 2010), or < -10 (e.g., Cotrena et 

al., 2014). These different approaches can lead to inconsistency with respect to who is 

identified as impaired on the IGT. For example, by changing the cut-off in Levine et 

al.’s (2005) study, the number of healthy individuals classified as “impaired” changed 

from 41% to 9%. Finally, many of the published approaches utilize the net raw scores, 

rather than the demographically corrected T-scores obtained from Bechara's (2007) 

manual.  

Reporting T-scores would be helpful in characterizing impairment on the IGT for 

four reasons. First, age (Beitz, Salthouse, & Davis, 2014), gender (van den Bos, 
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Homberg, & de Visser, 2013), and education (Cotrena et al., 2014) have all been shown 

to affect IGT performance, and the use of demographically-corrected T-scores allow for 

the impact of these factors to be controlled for in a standardized way. Second, the use of 

T-scores allows for a way of defining impairment that is common in neuropsychological 

practice (i.e., Strauss, Sherman, & Spreen, 2006; Wechsler, 2008). Importantly, this 

allows for results to be compared more easily across studies. Third, there is some 

variability in IGT performance in the normal population (see Suhr & Hammers, 2010) 

and the use of the normative data from a large database (i.e., n = 932; Bechara, 2007) is 

helpful for establishing whether this is clinically significant. Finally, in clinical practice, 

the use of standardized scores, such as T-scores, is expected. Thus, the use of T-scores 

allows for research to be translated more easily into the clinical realm. 

4.2.3 Summary and Purpose 

Given the above, the present study aimed to establish the sensitivity and 

specificity of cold executive functions in differentiating people with ABI from healthy 

individuals. Additionally, the study aimed to determine whether the addition of the IGT 

as a measure of hot executive function to this model provided unique predictive utility. 

Furthermore, it aimed to characterize the level of impairment seen in a sample of people 

with ABI of mixed-aetiology, in comparison to healthy individuals using both net raw 

scores and T-scores. As research has generally found mixed but promising results for the 

sensitivity and specificity of cold executive functioning variables, it was hypothesized 

that cold executive functioning variables would be predictive of participant type using 

bivariate logistic regression. Given that Azouvi et al., (2016) demonstrated support for 

the utility of hot executive functioning as a unique predictor, it was hypothesized that the 
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addition of the IGT to the cold executive functioning model would improve the 

sensitivity and specificity of the bivariate logistic regression model. Furthermore, it was 

hypothesized that participants with ABI will perform significantly more poorly on the 

IGT compared to healthy individuals, as reflected in both raw scores and T-scores. 

4.3 Method 

4.3.1 Participants 

ABI Sample. The inclusion criteria for the study were that participants must: (1) 

have had a documented brain injury that required medical intervention (e.g., presentation 

to hospital); (2) be aged 18 to 75 years old; (3) not require life-saving medical 

intervention (e.g., not requiring a respirator, not having severe uncontrolled seizures); 

(4) be psychiatrically stable (e.g., not currently experiencing psychosis or mania); (5) be 

able to participate in cognitive testing (e.g., not significantly aphasic, be orientated to the 

environment); and (6) be able to provide consent or have a legal guardian able to do so. 

Participants were recruited from a relatively heterogeneous group of individuals with 

ABI to increase generalizability, but none were tested until medically stable and post-

traumatic amnesia had resolved (time since injury ranged from 1 to 144 months). 

Recruitment of ABI participants took place across two phases of this study. In 

the first phase, participants (n = 34) were recruited through a local outpatient 

rehabilitation service that provides treatment to people with ABI. During the second 

phase, participants were recruited through inpatient and outpatient rehabilitation services 

at a tertiary hospital (n = 23), a community-based brain injury rehabilitation service (n = 

11), or through flyers and advertisements in the community (n = 2). All participants 

were recruited as part of a research program, however, given the highly clinical nature of 
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the assessments, the evaluations also informed clinical care for some participants and 

clinical reports were provided to the treating team with the participants’ consent. 

Healthy Comparison Sample. A comparison sample of people without brain 

injuries was also utilised in this study. To ensure that healthy individuals were matched 

on age, gender, and years of education, healthy individuals were recruited through 

multiple sources including family members of substance users and through community 

fliers. Healthy individuals were collected in different phases across approximately ten 

years.  

4.3.2 Materials 

Iowa Gambling Task. The computerised version of the Iowa Gambling Task 

(IGT; Bechara, 2007) was used as a measure of hot executive functioning (specifically, 

risky decision making). This task was described in detail in Chapter 3 of this thesis. 

Briefly, the IGT requires participants to select cards from four decks of cards on a 

screen. Two decks are associated with high reward and high punishment, while two of 

the decks have a low reward and low punishment schedule. Successful performance of 

the IGT requires favouring low reward/low punishment decks. Demographically 

corrected T-scores were used in this study (unless specifically stated otherwise), and 

higher raw scores and T-scores reflect more advantageous performance. 

Cold Executive Functions. Cold executive functions of working memory 

updating, inhibition, set shifting, and generativity were also measured using traditional 

neuropsychological tests as part of a broader test battery. As data were collected across 

multiple sites and phases, the specific neuropsychological tests used to measure cold 
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executive functions varied slightly across participants. The tests administered across 

different phases of the study are displayed in Table 10. 
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Table 10 

Neuropsychological Tests Measuring Cold Executive Functioning Utilised Across 

Different Phases of Recruitment 

 ABI Participants Healthy Participants 

Domain 
Phase 1  

(n = 34) 

Phase 2  

(n = 36) 

Phase 1  

(n = 27) 

Phase 2  

(n = 34) 

Phase 3  

(n = 9) 

Shifting 
TMT Part 

B 

TMT Part   

B 

TMT Part   

B 

TMT Part   

B 

TMT Part   

B 

Working 

Memory 

Updating 

WAIS-III 

Letter 

Number 

Sequencing 

WAIS-IV 

Digit Span 

Backwards 

WAIS-IV 

Digit Span 

Backwards 

WAIS-III 

Letter 

Number 

Sequencing; 

WAIS-III 
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Abbreviations: TMT = Trail Making Test; WAIS-II = Wechsler Adult Intelligence Scale 

3rd Edition; WAIS-IV = Wechsler Adult Intelligence Scale 4th Edition; D-KEFS = Delis-

Kaplan Executive Functioning System; COWA = Controlled Oral Word Association 

Test. 
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Given the above, the following variables were utilised to measure cold executive 

functioning in this study: 

1) Shifting: The Trail Making Test Part B was used to measure shifting. This is 

a paper-and-pencil task that requires participants to connect letters and 

numbers in alternating order. Tombaugh (2004) normative data was used to 

obtain an age-corrected z-score of the time taken to complete the task for all 

participants, with a higher score indicating greater performance.  

2) Working Memory Updating: Not all participants completed the same working 

memory test. Consequently, a normative (scaled) variable was created on the 

basis of performance on three comparable tests, including scaled scores from 

Letter-Number Sequencing – WAIS-III (n = 71; Wechsler, 1997), and scaled 

scores from  Digit Span Backwards – WAIS-IV (n = 63; Wechsler, 2008) or 

Digit Span Backwards – WAIS-III (n = 6; Wechsler, 1997). In participants 

where both Letter-Number Sequencing and Digit Span Backwards were 

available (n = 6), Letter-Number Sequencing was used. The correlations 

between WAIS-IV Letter-Number Sequencing and WAIS-IV Digit Span 

Backwards range from r = .47 and r = .68 for 18 to 75 year olds (Wechsler, 

2008).7 A higher working memory updating score was indicative of greater 

performance. 

 

 
7 To our knowledge, the correlations between WAIS-III Letter-Number Sequencing and 

WAIS-III Digit Span Backwards has not been reported. However, the correlation 
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3) Inhibition: Not all participants completed the same inhibition test. 

Consequently, a normative (scaled) variable was created on the basis of 

performance on two comparable tests, including the Color-Word trial from 

the Trenerry Stroop Task (n = 77; Trenerry, Crosson, DeBoe, & Leber, 1989) 

and the Delis-Kaplan Executive Functioning System (D-KEFS) Color-Word 

Interference Task (n = 63; Delis, Kaplan, & Kramer, 2001). On the Trenerry 

Stroop Task, the number of correct responses within a certain time limit are 

recorded. In the D-KEFS Colour-Word Interference Test, the time taken to 

complete all responses is measured. These scores were converted to 

percentile ranks to form a composite variable, with a higher score indicating 

greater performance. To our knowledge, the correlations between these two 

tasks has not been reported. 

4) Generativity: Not all participants completed the same generativity test. 

Consequently, a normative (scaled) variable was created based on 

performance on two comparable tests, including, the Controlled Oral Word 

Association (COWA) task (n = 68) and the NIH EXAMINER Phonemic 

Fluency task (n = 72). Phonemic fluency tasks require participants to produce 

words beginning with a specified letter of the alphabet within one minute 

(Strauss et al., 2006). The COWA has three trials using letters F, A, and S. 

 

 

between WAIS-III Letter-Number Sequencing and WAIS-III Digit Span (Forwards and 

Backwards) ranges from r = .42 and r = .70 for the age group included in this study 

(Wechsler, 2002). 
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The total number of correct words across the three trials were used to obtain 

an age and education-corrected z-score (using normative data from 

Tombaugh, Kozak, & Rees, 1999). The NIH EXAMINER (Kramer, 2014) 

has two trials (F and L). The total number of words from each trial were 

converted to age-corrected z-scores8, and an average of z-scores from both 

trials was computed to form the total score. A higher score was indicative of 

greater performance. 

 

4.3.3 Procedure 

This project received ethics approval from the University of Western Australia 

Human Research Ethics Committee. Participants provided informed consent to 

participate in the study. If a participant was deemed to not have capacity to provide 

consent, they were asked to provide assent and their legal guardian provided informed 

consent. Participants completed the above-described tests of executive functioning as 

part of a larger neuropsychological battery. As detailed above, the neuropsychological 

test batteries differed slightly across the various phases of recruitment. The examiners 

administering the neuropsychological assessments were either psychologists experienced 

 

 
8 The NIH EXAMINER battery is a research battery that does not provide published 

normative data. However, a database of 461 English-speaking control participants aged 

18-74 was obtained through personal communication with the authors to allow for the 

computation of normative benchmarks (K. Wood, personal communication, August 7, 

2015). 
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in administering neuropsychological assessment, or researchers trained specifically to 

administer the test battery whose competency was assessed by a trained clinical 

neuropsychologist.  

4.3.4 Data Analysis 

As clinical data were utilised, there was some missing data due to participants 

declining to complete tasks, not being able to complete tasks (e.g., due to hemiplegia or 

colour blindness), participant fatigue, or time limitations. Specifically, four ABI 

participants and two healthy participants were missing IGT data. These participants were 

removed from data analysis due to missing key variables. Two additional control 

participants were removed from the analysis to ensure the groups remained matched. 

Furthermore, one ABI participant was missing generativity data, four ABI and 

one healthy participant was missing inhibition data, two ABI participants were missing 

set shifting data, and two ABI participants were missing working memory data. Missing 

data were removed casewise. As such, sample sizes varied slightly across analyses, 

depending on which variables were included in the analysis (sample sizes are stated in 

the results section). 

Prior to the primary analyses, the inter-associations between the predictor 

variables were examined. It was expected that the executive functioning variables would 

inter-correlate positively. Next, to investigate the capacity of each of the five executive 

functioning variables’ (set shifting, working memory updating, inhibition, generativity, 

and the IGT) capacity at classifying correctly ABI participants and healthy individuals 

(ABI = 1; healthy individuals = 0), a series of bivariate logistic regressions were 

performed. Next, to investigate the cold executive functioning variables’ combined 
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capacity at classifying correctly ABI participants and healthy individuals, a multiple 

logistic regression was performed. Finally, a multiple logistic regression was performed 

with the inclusion of the IGT scores (thus, five predictors). It was hypothesized that the 

IGT variable would contribute some statistically significant unique variance to the 

logistic regression equation. Correspondingly, the correct classification rate would 

increase, as would the model pseudo R2 values (i.e., Cox and Snell R2; Nagelkerke R2). 

In order to evaluate the statistical significance of the logistic regression models, 

we focussed on the Hosmer and Lemeshow statistic, as it can accommodate a mixture of 

non-continuous and continuous predictor variables. Although perhaps counterintuitive, 

in practice, a non-significant Hosmer and Lemeshow statistic (p > .05) implies that the 

logistic regression model has predicted the dependent variable in a statistically 

significant way. Odds/ratios and standardised beta-weights were also examined, in order 

to determine the unique predictive utility of the dimensions of executive functioning. As 

SPSS does not report standardized beta-weights, they were estimated with a method 

described by Menard (2004) which uses the standard deviation of predicted log odds.  

Next, we evaluated the participants’ performance (ABI versus healthy 

participants) on the IGT across the five blocks (raw scores and T-scores, separately). 

Specifically, we conducted two 5 (IGT Block) x 2 (Participant Type) mixed-design 

ANOVAs. We tested both the raw scores and the T-scores, because the net raw scores 

allow for the pattern of behaviour on the IGT to be evaluated, whereas the T-scores 

allow for the level of impairment compared to a large normative sample to be evaluated. 

Omnibus main effects (within and between) were followed-up with a series of one-way 

ANOVAs and/or pairwise comparisons. In the event of a statistically significant 
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omnibus interaction, a series of 2 x 2 contiguous mixed design ANOVAs were 

performed, to help understand its nature. All analyses were conducted with SPSS 

version 22 (IBM Corporation, 2013). 

4.4 Results 

4.4.1 Participants 

Seventy participants with ABI participated in this study. As described above, 

four participants were removed from the data analysis as they did not complete the IGT. 

The aetiology of ABI varied across participants9. Thirty-three of the participants 

had a TBI (50%), 24 had a cerebrovascular accident (36.4%), five participants had an 

ABI following a tumour resection (7.6%), two participants had a hypoxic injury (3%), 

and two had an encephalitis or meningitis (3%). The sample also varied in injury 

severity. The method of classifying injury severity was not systematically recorded until 

the second phase of the study. Where possible, the length of posttraumatic amnesia 

(PTA), Glasgow Coma Scale (GCS) or length of coma were utilised as a measures of 

injury severity. When these were not available in the medical records, clinical judgement 

was used to estimate the injury severity based on the mechanism of injury and 

symptomology. Five participants were classified as having a mild injury (7.6%), 20 

 

 
9 Detailed injury information was not available for three participants. One of these 

participants had clinical evidence of a severe brain injury (dense hemiplegia, self-

reported having a stroke 18 months prior, and was undergoing rehabilitation), and the 

other two participants supplied medical records of a vertebral artery dissection though 

detailed imaging evidence was unavailable.  
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participants having a moderate injury (30.3%), and 41 participants having a severe 

injury (62.1%). Time since injury ranged from one month to 144 months, with a mean of 

14.37 months (SD = 18.99 months). Time since injury was not available for one 

participant. 

As can be seen in Table 11, the location of the injury also varied across 

participants. This information was unavailable for 3 participants (4.5%). Ultimately, 43 

participants were classified as having an injury to the frontal lobe(s) (65.2% of the total 

sample) and 20 participants as having an injury to non-frontal areas (30.3%). Of the 63 

participants for whom medical records were available, 12 participants had purely left-

lateralized injuries and nine participants had right-lateralized injuries. 
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Table 11 

Location of Acquired Brain Injury 

Location of injury n (%) 

Left frontal 2 (3%) 

Right frontal 2 (3%) 

Bilateral frontal 6 (9.1%) 

Left parietal 4 (6.1%) 

Left temporal 2 (3%) 

Frontal/parietal 6 (9.1%) 

Frontal/temporal 7 (10.6%) 

Frontal/temporal/parietal 10 (15.2%) 

Subcortical 8 (12.1%) 

Temporal/parietal 6 (9.1%) 

Parietal/occipital 1 (1.5%) 

Temporal/parietal/occipital 1 (1.5%) 

Frontal/subcortical 1 (1.5%) 

Cerebellar 1 (1.5%) 

Global 5 (7.6%) 

Note. An injury was classified as global if more than three brain regions were 

impacted. 

Healthy Comparison Sample. A comparison sample of 66 people without brain 

injuries was also utilised in this study.  
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Demographic characteristics of ABI and healthy participants are displayed in 

Table 12. There were 39 males (59.1%) in each group. Independent samples t-tests 

revealed no significant difference between ABI participants and healthy individuals in 

age (p = .634) or years of education (p = .130), and the effect sizes were relatively small, 

d = .08 and d = .26 for age and education respectively. 

Table 12 

Descriptive Statistics for Age and Years of Education in Participants with ABIs and 

Healthy individuals 

 ABI Participants Healthy Participants 

 M (SD) Range M (SD) Range 

Age (Years) 42.91 

(14.92) 

19 - 73 

41.54 

(17.79) 

18 – 74 

Education (Years) 12.90 

(2.69) 

9 – 19.5 

13.56 

(2.26) 

10 - 20 

Note. ABI n = 66; Healthy Participants n = 66. 

 

4.4.2 Data Cleaning 

The inter-quartile range rule with a 2.2 multiplier was used to identify outlying 

values (Hoaglin, Iglewicz, & Tukey, 1986). One healthy participant and three ABI 

participants yielded set shifting outlying values. Additionally, one ABI participant 

yielded an outlying IGT Block 1 raw score value. These values were winsorized (Dixon, 

1980). As can be in Table 13, the data were considered relatively normally distributed, 

although set-shifting was moderately negatively skewed (skew = -1.52). As can be seen 
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in Table 13, all the cognitive ability variables inter-correlated positively (range: r = .30 

to r = .50), suggesting the presence of a general cognitive dimension. Furthermore, all 

five of the cognitive ability variables correlated (point-biserial correlation) negatively 

and statistically significantly with the dependent grouping variable (0 = healthy 

participants; 1 = ABI). The point-biserial correlations ranged from r = -.67 to r = -.38. 

Thus, higher levels of cognitive functioning were associated with the healthy group. 

Furthermore, based on a series of bivariate logistic regressions displayed in Table 14, the 

corresponding odds/ratios and bivariate Nagelkerke r values suggested that all five 

cognitive ability variables were predictive of participant type. In particular, it will be 

noted that the IGT was associated with an odds/ratio of .90, Wald χ2 = 30.92, p < .001, 

Nagelkerke r = .57. The odd/ratio implied that a one unit increase in IGT performance 

was associated with a 10% lesser chance of the participant having an ABI. 
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Table 13 

Correlations (Pearson and Point-Biserial) and Descriptive Statistics for All Participants 

       Total Sample 

(N = 125) 

Healthy 

(n = 65) 

ABI 

(n = 60) 

 Type IGT Shift WM Inhib.  M (SD) Skew Kurt. M (SD) Skew Kurt. M (SD) Skew Kurt. 

IGT -.67*** 1     41.32 

(20.42) 

-.56 -1.01 54.34 

(10.94) 

-80 .60 27.18 

(18.86) 

.25 -1.55 

Shift -.45*** .36*** 1    -.70 

(2.31) 

-1.52 1.98 .27 

(1.22) 

-.75 .15 -1.74 

(2.73) 

-.94 -.18 

WM -.38*** .30* 

 

.48*** 1   10.78 

(2.98) 

.14 .28 11.72 

(2.65) 

.54 .42 9.77 

(2.97) 

.11 -.04 

Inhib. -.44*** .36*** .48*** .43*** 1  59.71 

(34.11) 

-.38 -1.23 74.01 

(28.21) 

-1.08 .33 44.16 

(33.29) 

.27 -1.25 

Gener. -.46*** .50*** .47*** .47*** .47***  .13 

(1.01) 

-.37 .60 .55  

(.80) 

.21 -.41 -.32 

(1.02) 

-.34 .51 

Note. * p <.05; *** p < .001; Type = Participant Type; IGT = Iowa Gambling Task Total T-Score; Shift = Set Shifting; WM = Working Memory 

Updating; Inhib. = Inhibition; Gener. = Generativity; M = Mean; SD = Standard Deviation; correlations with Type are point-biserial correlations. 
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Table 14 

Bivariate Logistic Bivariate Regression Results for Each Predictor Evaluated Separately: Participant Type (Dependent Variable) 

Predictor b SE β Wald p Odds/ratios 

(95%CI) 

Cox and 

Snell R2 

Nagelkerke R2 

Set Shifting -.57 .13 -.21 18.38 <.001 .56 (.43, .73) .22 .30 

WM Updating -.28 .07 -.13 15.89 <.001 .75 (.66, .87) .14 .19 

Inhibition -.03 .01 -.19 21.62 <.001 .97 (.96, .98) .19 .25 

Generativity -1.16 .25 -.21 21.79 <.001 .31 (.19, .51) .22 .29 

IGT -.11 .02 -.42 30.92 <.001 .90 (.86, .93) .43 .57 

Note. N = 126; b = unstandardized beta-weight; β = standardized beta-weight; SE = Standard Error; WM = Working Memory; IGT = 

Iowa Gambling Task 
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4.4.3 Multiple Logistic Binary Regression  

 Two hierarchical multiple logistic regressions were performed, in order to 

evaluate the predictive capacity of the neuropsychological measures of executive 

functioning as independent variables, (Healthy individuals vs ABI). First, we looked 

only at the four measures of cold executive functioning. It will be noted that the 

correct classification rate for the null model (i.e., no predictors) was 52%. The four 

cold executive functioning variables (set shifting, working memory updating, 

inhibition, and generativity) yielded a statistically significant multiple logistic 

regression model, 2(4) = 46.52, p < .001, Hosmer and Lemeshow test, p = .774, Cox 

and Snell R2 = .31, Nagelkerke R2 = .42. The non-significant Hosmer and Lemeshow 

test implied that the overall correct classification rate of 73.6% was statistically 

significantly greater than the null model 52%. Additionally, 78.5% of the healthy 

individuals and 68.3% of ABI participants were classified correctly, respectively. 

Finally, the model’s sensitivity and specificity estimates were 68.33% and 78.46%, 

respectively. 

 As can be seen in Table 15, two of the cold executive functions were 

statistically significant contributors to the model: Set Shifting and Generativity. 

Furthermore, both Set Shifting and Generativity were associated with comparably 

sized standardized beta-weights of -.09. The Set Shifting odds/ratio implied that a 

one unit increase in Set Shifting performance was associated with a unique 28% 

lesser chance of the participant having an ABI. The Generativity odds/ratio implied 

that a one unit increase in generativity was associated with a unique 52% lesser 

chance of the participant having an ABI.   
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Table 15 

Multiple Logistic Regression Results (Excluding the IGT) Predicting Participant 

Type 

 b SE β Wald p Odds/ratios 

(95%CI) 

Set Shifting -.34 .14 -.09 5.78 .016 .72 (.54, .94) 

WM Updating -.10 .09 -.04 1.30 .254 .90 (.76, 1.08) 

Inhibition -.01 .01 -.06 3.51 .061 .99 (.97, 1.00) 

Generativity -.74 .29 -.09 6.57 .010 .48 (.27, .84) 

Note. N = 127; b = unstandardized beta-weight; β = standardized beta-weight; SE 

= Standard Error; WM = Working Memory; intercept = 1.82, Wald = 3.27, p = 

.071. 

 

 Next, we added IGT to the model (thus, five predictors). Again, we note that 

the correct classification rate for the null model was 52%. The five predictors yielded 

a statistically significant multiple logistic regression model, 2(4) = 89.29, p < .001, 

Hosmer and Lemeshow test, p = .282 Cox and Snell R2 = .51, Nagelkerke R2 = .68. 

The overall correct classification rate was 86.4% (i.e., statistically significantly larger 

than the null model 52%): a value numerically larger than the correct classification 

rate obtained from the model with only the four cold executive function predictors 

(i.e., 73.6%). Additionally, 89.2% of the healthy individuals and 83.3% of ABI 

participants were classified correctly, respectively. Finally, the model’s sensitivity 

and specificity were 83.33% and 89.23%, respectively, which is numerically larger 

than the model results obtained from only the four cold executive functions as 

predictors (68.33%% and 78.46%). 
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 As can be seen in Table 16, the IGT was the only statistically significant 

contributor to the multiple logistic regression model, with a β = -.33 (p < .001) and 

an odds/ratio of .91. Thus, a one unit increase in the IGT was associated with a 

unique 9% lesser chance of the participant having an ABI. Set Shifting and 

Generativity were no longer significant contributors to the logistic regression model, 

and Working memory updating and Inhibition remained non-significant contributors 

to the model.  

 

Table 16 

Multiple Logistic Regression Results (Including the IGT) Predicting Participant Type 

 b SE β Wald p Odds/ratios 

(95%CI) 

Set Shifting -.29 .16 -.11 3.34 .068 .75 (.55, 1.02) 

WM Updating -.14 .11 .07 1.61 .205 .87 (.71, 1.08) 

Inhibition -.02 .01 -.10 2.79 .095 .98 (.96, 1.00) 

Generativity -.46 .38 -.08 1.53 .216 .63 (.30, 1.31) 

IGT -.10 .02 -.33 22.22 <.001 .91 (.87, .94) 

Note. N = 127; b = unstandardized beta-weight; β = standardized beta-weight; SE 

= Standard Error; WM = Working Memory; intercept = 6.62, Wald χ2 = 15.87, p < 

001. 

4.4.4 Mixed Design ANOVA 

Next, the patterns of performance on the IGT over the five blocks were 

examined. Net Raw Scores were examined to determine the participants’ patterns of 

behaviour on the IGT, whereas T-Scores were also examined, in order to determine 

whether people with ABI demonstrate a relative impairment on the IGT. 
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Net Raw Scores. A 5 (IGT Block) x 2 (Participant Type) mixed-design 

ANOVA was performed with the net raw scores on the IGT across the five blocks. 

As sphericity was violated, the Huynh-Feldt corrected results were consulted. First, 

there was a significant omnibus between-subjects main effect of participant type, F 

(1, 130) = 25.75, p <.001, partial η2 = .17. The healthy individuals obtained a higher 

total net raw score on the IGT (M = 6.15, SE = .68, SD =5.52, 95% CI = 4.80, 7.49) 

compared to the ABI participants (M = 1.26, SE = .68, SD = 5.54, 95% CI = -.09, 

2.61) and the effect size was large, d = .88. Additionally, there was a statistically 

significant omnibus within-subjects main effect of IGT Block, F (3.41, 442.81) = 

22.94, p < .001, partial η2 = .15. As can be seen in Figure 3, the trend was for the 

means to increase across blocks, although the effect was clearly non-linear.  

Correspondingly, we identified a statistically significant quadratic effect (F 

(1, 130) = 33.42, p < .001, partial η2 = .21), an effect that implied one bend in the 

pattern of the means. As seen in Table 17, there was a large increase in the means 

from Block 1 to Block 2 (d = .86, p < .001), before a mostly steady level of 

performance from Blocks 2 to 5. Figure 3 suggests that healthy participants 

continued to improve from Block 2 to 3, although this was not significantly greater 

than the increase in performance in the ABI group, consistent with the failure to 

detect a significant 2 x 5 mixed-design ANOVA interaction, F(3.41, 442.81) = 1.62, 

p = .178, partial η2 = 01.  
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Table 17 

Omnibus Within-Subjects Estimated Marginal Means for IGT Net Raw Scores 

 M SE SD 95% CI 

Block 1 -2.12 .65 7.50 -3.43, -.85 

Block 2 4.52 .69 7.89 3.16, 5.88 

Block 3 5.64 .75 8.61 4.15, 7.12 

Block 4 5.32 .86 9.86 3.62, 7.02 

Block 5 5.18 .92 10.59 3.36, 7.02 

Note. SE = Standard Error, SD = Standard Deviation, 95% 

CI = 95% Confidence Interval 

 
 

 Figure 3. Plot of IGT net raw score means 

T-Scores. A 5 (IGT Block) x 2 (Participant Type) mixed-design ANOVA was 

performed with the T-Scores on the IGT. As sphericity was violated, the Huynh-

Feldt corrected results were consulted. First, there was a significant between-subjects 
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main effect of participant type, F (1, 130) = 110.60, p <.001, partial η2 = .46. Healthy 

participants obtained a higher omnibus estimated marginal mean on the IGT (M = 

53.13, SD =14.21, 95%CI = 49.66. 56.59) compared to the ABI participants (M = 

27.11, SD = 14.21, 95%CI = 23.65, 30.57) and the effect size was large, d = 1.83. By 

contrast, there was no significant omnibus within-subjects main effect of IGT Block, 

F (3.53, 458.30) =1.28, p = .279, partial η2 = .01. Finally, a significant interaction 

between IGT Block and Participant Type was observed, F (3.53, 458.30) = 2.68, p = 

.038, partial η2 = .02. As T-Scores were utilized to examine impairment on the IGT, 

the primary effect of interest was the between-subjects main effect, rather than the 

interaction as T-Scores mask the pattern of performance. 

  In order to help isolate where the interaction resided, a series of contiguous 2x2 

mixed-design ANOVAs were conducted. As can be seen in Table 18, a significant 

interaction was observed from Block 1 to Block 2 and a trend level interaction was 

observed from Block 3 to Block 4. On the basis of the T-score means plotted in Figure 

4, the Block 1 to Block 2 significant interaction implied that the magnitude of the 

increase from Block 1 to Block 2 for healthy participants was statistically different 

from the magnitude of the decrease from Block 1 to Block 2 of ABI participants. 

Specifically, the effect size for healthy participants from Block 1 to Block 2 was 

associated with a Cohen’s d of .38, whereas the effect size for ABI participants from 

Block 1 to Block 2 was associated with a Cohen’s d of .04. By contrast, with respect 

to Block 3 to Block 4, the trend level mixed-design interaction implied that the 

magnitude of the decrease in healthy participants’ performance from Block 3 to Block 

4 (d = .19) was different from the increase in ABI participants’ performance from 

Block 3 to Block 4 (d = .06).  
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Table 18 

Contiguous 2 (IGT Block) x 2 (Participant Type) Mixed Design ANOVAs for IGT T-

Scores 

  Block 1 vs 

Block 2 

Block 2 vs 

Block 3 

Block 3 vs 

Block 4 

Block 4 vs 

Block 5 

Interaction 

F 4.72 .56 3.78 .84 

p .032 .455 .054 .362 

Between-

Subjects  

F 90.74 122.92 104.11 90.42 

p <.001 <.001 <.001 <.001 

Note. N = 132 

 

In order to evaluate whether the statistically significant between-subjects main 

effect could be interpreted (given the significant interaction), a series of simple main 

effect analyses were conducted. As can be seen in Table 19, the one-way between-

subjects ANOVAs (on two means) revealed large significant differences between ABI 

participants and healthy individuals, p <.001, d = 1.30 to 1.91. Specifically, ABI 

participants had statistically significantly lower T-Scores, in comparison to the healthy 

participants across all blocks of the IGT (all p <.001). 

Finally, to determine how common impairment was on the IGT, the 

percentage of people with an impaired score was examined. When using a cut-off of 

a T-score ≤ 30, 51.5% of people with ABI were classified as impaired, compared to 

3% of healthy individuals. When using a cut-off of T ≤ 39, 65.2% of people with 

ABI were considered impaired, compared to 9.1% of the healthy sample. 
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Table 19 

One-Way ANOVAs Comparing T-Score Means Between ABI Participants and 

Healthy individuals on IGT Blocks 

 M (SD) One-Way ANOVA 

 ABI 

Participants 

Healthy 

Participants  

F p Cohen’s 

d 

Block 1 28.65 (21.16) 50.79 (11.60) 55.55 <.001 1.30 

Block 2 27.85 (19.25) 55.09 (10.78) 100.63 <.001 1.75 

Block 3 26.03 (18.80) 54.56 (9.61) 120.50 <.001 1.91 

Block 4 27.27 (20.51) 52.53 (12.01) 74.54 <.001 1.50 

Block 5 25.74 (20.08) 52.67 (11.64) 88.86 <.001 1.64 

Abbreviations: SD = Standard Deviation; IGT = Iowa Gambling Task 

Note: df = 1, 131 for all analyses, ABI participants n=66, healthy individuals n = 

66 
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Figure 4. Plot of IGT T-score means 

4.4.5 Exploratory Statistics 

Finally, given the heterogeneity of the sample, it is noted that we examined 

IGT performance between the participants in this study with frontal (n = 43) and non-

frontal (n = 20) injuries and the sensitivity and specificity of the IGT in predicting 

lesion location and failed to reject the null hypothesis. Similarly, we also examined 

IGT performance between participants with TBIs, strokes, and non-traumatic ABI and 

the sensitivity and specificity of the IGT in predicting aetiology of ABI. These 

analyses lacked sufficient power and, as such, are not reported. Descriptive statistics 

for these subgroups are displayed in Table 20 
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Table 20 

Descriptive Statistics (Means and Standard Deviations) of IGT Block and Total T-

Scores for Different Subgroups of Participants 

 

 Frontal 

Injuries      

(n = 43) 

Non-Frontal 

Injuries       

(n = 20) 

Traumatic 

Brain 

Injuries      

(n = 33) 

Stroke        

(n = 24) 

Other ABI 

(n = 9) 

Block 1 27.70 

(21.03) 

28.30 

(22.51) 

26.09 

(21.47) 

28.91 

(21.46) 

37.33 

(18.95) 

Block 2 26.09 

(18.48) 

28.95 

(21.22) 

25.18 

(19.41) 

30.08 

(19.95) 

31.67 

(17.25) 

Block 3 25.37 

(19.63) 

25.40 

(22.51) 

21.70 

(15.81) 

28.71 

(21.50) 

32.11 

(19.59) 

Block 4 26.26 

(21.61) 

27.05 

(19.05) 

23.24 

(18.39) 

29.71 

(21.87) 

35.56 

(22.96) 

Block 5 25.58 

(21.68) 

24.45 

(17.66) 

23.24 

(30.03) 

26.92 

(20.34) 

31.78 

(20.25) 

Total        

T-Score 

25.70 

(19.70) 

26.70 

(18.42) 

23.03 

(17.45) 

29.17 

(20.67) 

32.78 

(18.53) 

 

4.5 Discussion 

This study aimed to determine the sensitivity and specificity of tests of cold 

executive functioning following ABI, and whether hot executive functioning 

provided further unique predictive utility. It further aimed to characterize the pattern 



 

 

Chapter 4: Characterizing Iowa Gambling Task Performance Following Acquired Brain Injury in Adults 185 

of performance and level of impairment on the IGT seen in a sample of people with 

ABI of mixed aetiology compared to healthy individuals. 

4.5.1 Sensitivity and Specificity 

It was first hypothesized that cold executive functioning variables would be 

predictive of participant type. This hypothesis was supported with all variables found 

to be significant predictors when included individually in a series of bivariate logistic 

regressions. When cold executive functions were entered together in a multiple 

logistic regression, both set shifting and generativity emerged as unique significant 

predictors of participant type. This finding is broadly consistent with previous 

literature that has demonstrated the sensitivity and specificity of measures of set 

shifting (Anderson et al., 2017; e.g., Heled et al., 2012) and generativity (e.g., 

Vaughan et al., 2017), with the sensitivity and specificity falling in a similar range as 

to what is reported in these studies. While other studies have not found these 

functions to be significant predictors (e.g., Draper & Ponsford, 2008; Hacker et al., 

2017; Wammes et al., 2017), this may be due to differences between samples, as the 

participants in previous literature may have had less severe cold executive 

dysfunction due to having milder injuries or a longer period of recovery. For 

example, Draper & Ponsford (2008) did not report a set shifting impairment in their 

participants with TBI ten years post-injury relative to healthy individuals, whereas, in 

the current study, there was a large significant set shifting difference between people 

with ABI and healthy individuals (p <.05, d =.97). The present study also included a 

larger sample than much of the previously published research in this area (e.g., Heled 

et al., 2012; Vaughan et al., 2017) and would consequently have greater statistical 

power. Furthermore, in contrast to previous studies (Draper & Ponsford, 2008; 

Hacker et al., 2017), working memory updating and inhibition did not emerge as 
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significant unique predictors in the current study. It is possible that the differences in 

the tasks used in the current study may underlie this discrepancy, as neither of the 

inhibition or working memory updating tasks were utilized in previous research. 

Furthermore, it is possible that the inclusion of people with strokes and other forms 

of non-traumatic ABI might have impacted on these results, as even similar lesion 

locations arising from different injury aetiologies can result in different patterns of 

neuropsychological impairment (Anderson, Damasio, & Tranel, 1990). 

The second hypothesis, that including the IGT in the model with cold 

executive functioning would provide unique predictive utility over and above the 

cold variables was also supported. When the IGT was added to the model, the cold 

executive functioning variables were no longer unique significant predictors of 

participant type. Furthermore, the model including the IGT accounted for 

approximately 68% of the variance in participant type and demonstrated 83.33% 

sensitivity and 89.23% specificity in predicting participant type. This was 

numerically larger than the sensitivity and specificity of the cold executive functions 

(i.e., 68.33% and 78.46%), though it is not possible to test this difference 

statistically. Finally, the large Wald statistic associated with the IGT in addition to 

the associated numerical increases in Nagelkerke and Cox & Snell R2 when the IGT 

was added to the model (increases of .26 and .20, respectively) suggests it was a 

promising predictor. 

Despite studies describing the IGT as a sensitive predictor of decision making 

impairment following ABI (e.g., Toplak, Sorge, Benoit, West, & Stanovich, 2010), 

this is the first study to directly test this assertion, though previous literature has 

provided support for this notion in other populations (e.g., Ciccarelli et al., 2017). In 

line with the present study, Azouvi et al. (2016) also provided support for hot 
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executive functioning behaviours as strong predictors of whether an individual had 

an ABI, though used family-rated interviews of hot executive functioning 

behaviours, rather than an objective behavioural measure such as the IGT. While 

family-report measures of behaviour are common in the hot executive functioning 

literature (e.g., Ganesalingam et al., 2011) and are often considered to be 

ecologically valid (Chaytor, Schmitter-Edgecombe, & Burr, 2006), they can be 

problematic if an individual does not have a close relative or friend to provide the 

ratings (e.g., as in Azouvi et al., 2016) and can be prone to bias (e.g., Merydith, 

Thompson Prout, & Blaha, 2003; Najman et al., 2001) or be impacted by how the 

symptoms rated affect the informant (Fordyce & Roueche, 1986). The arguable 

strength of the IGT is that it provides a measure of hot executive functioning that 

does not rely on subjective behaviour reports: this study supports the IGT as a 

sensitive measure to the effects of ABI.  

Furthermore, while previous studies have described the IGT as sensitive to 

changes in decision making following damage to specific areas of the brain (e.g., 

vmPFC damage; Bechara et al., 1994), the findings of this study provide support for 

the IGT as sensitive to the effects of ABI, regardless of lesion location as a mixed 

sample was used. This is particularly important, when interpreted in the context of 

the level of impairment seen on the IGT in this study. 

4.5.2 Impairment on the IGT 

The present study hypothesized that participants with ABI would perform 

more poorly on the IGT, in comparison to healthy participants, as reflected by both 

lower raw scores and T-scores. This hypothesis was also supported, with large 

between-groups differences seen on the total scores, as well as nearly all blocks of 

the IGT, again, on the basis of both raw scores and T-scores.  
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Specifically, regarding the pattern of net raw scores, it was found that people 

with ABIs started off at a similar level to healthy individuals, before their 

performance diverged. While both groups began to make more advantageous 

decisions from Block 1 to Block 2, ABI participants did not ever reach the level of 

performance of healthy individuals. This led to a total score significantly below that 

of healthy individuals. This pattern of performance is broadly in line with previous 

research suggesting people with ABI tend to make disadvantageous decisions on the 

IGT, while healthy individuals ultimately make advantageous ones (e.g., Bechara et 

al., 2000). Notably, these previous studies have been mostly confined to those with 

lesions in specific locations (e.g., Bechara et al., 1994; Manes et al., 2002) or people 

with TBIs (e.g., Bonatti et al., 2008; Levine et al., 2005), rather than strokes or other 

causes of ABI. While some studies demonstrate a relatively flat level of poor 

performance in people with ABI (e.g., Ouerchefani et al., 2017), other studies show a 

sharp increase in performance from Blocks 1 to 2 as was seen in the current study 

(e.g., Sigurdardottir et al., 2010), and others find participants with ABIs have a 

slower learning curve, though they eventually acquire a similar level of performance 

to healthy individuals by Block 5 (e.g., Levine et al., 2005). This variability in 

performance may come from the effects of different lesion locations (e.g., Clark 

2003), as studies in this area tend to be heterogeneous. Furthermore, the effects of 

age (Beitz et al., 2014), gender (van den Bos et al., 2013), or education (Cotrena et 

al., 2014) may also influence the learning curves seen on the IGT and this is often 

not controlled for using raw data.  

The level of impairment in raw scores seen in the present study is also 

consistent with much of the previous literature. Levine et al. (2005) demonstrated 

that participants with TBIs had significantly lower raw scores than healthy 
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individuals, though a larger effect size was seen in the present study largely due to 

the healthy group performing more advantageously than in Levine et al.’s study. A 

similar level of ABI performance was also seen in Cardoso et al (2015) and 

Sigurdardottir et al. (2010), though neither study used a comparison group, so, effect 

sizes cannot be compared. Furthermore, when compared to studies looking at the 

effects of specific frontal lesions (e.g., Clark et al., 2003; Ouerchefani et al., 2017; 

Waters-Wood, Xiao, Denburg, Hernandez, & Bechara, 2012), the ABI participants 

performed slightly more advantageously than those with vmPFC lesions, indicating 

there may be an effect of lesion location on IGT performance.  

By contrast, others studies have detected no impairment in people with TBI 

compared to healthy individuals (e.g., Fonseca et al., 2012; Levin et al., 2010). One 

possible explanation is the relatively small sample sizes used in previous literature 

may have influenced the results (i.e., lack of statistical power). Alternatively, the 

healthy group in the present study performed at a much higher level than that 

reported in those previous studies. While it is possible the present study had a 

particularly advantageously performing healthy group, this is unlikely when 

examining the broader IGT literature, as the healthy individuals in this study 

performed at a similar or lower level than that reported in larger studies (Bechara, 

2007; Clark et al., 2003; Ouerchefani et al., 2017). Furthermore, the demographically 

matched comparison group used in this study could be considered a strength, as it 

helped control for the effects of demographic factors. 

T-scores were also examined to characterize the level of impairment seen in 

people with ABI, allowing for a more standardized way of defining impairment that 

is common in clinical practice (e.g., Strauss et al., 2006), rather than the variety of 

cut-off scores using in previous literature. The present study demonstrated that on 
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average people with ABI were significantly impaired on all blocks and the total score 

of the IGT, performing at a level of less than two standard deviations below the 

normative mean (i.e., T-score <30). The mean T-score was impaired for participants 

with frontal and non-frontal injuries. Furthermore, the control sample used in the 

current study was representative of the normal population, with mean T-scores 

ranging between 50 and 55 (i.e., representing normal performance). To date, this is 

the first study to characterize the level of IGT impairment following ABI using T-

scores. 

4.5.3 Implications and Future Research 

Taken together, the results of this study highlight the importance of looking 

beyond traditional (cold) measures of executive functioning when investigating 

cognitive impairment following ABI. In the present study, the IGT demonstrated 

promise in differentiating people with ABIs from healthy individuals, and the 

inclusion of the IGT improved the sensitivity and specificity of the model. 

Furthermore, a high level of IGT impairment was seen in people with ABI relative to 

healthy individuals, and this level of impairment was present in a sample of people 

with ABI, regardless of lesion location. 

These findings are important when considering that the IGT was developed to 

measure hot executive functioning impairments evident in behaviour following a 

brain injury that were otherwise not detected by traditional cold executive 

functioning tests. The case study of EVR (Eslinger & Damasio, 1985 described in 

detail in Chapter 1) highlights the importance of these tests of hot executive 

functioning, as EVR demonstrated significant everyday life dysfunction following a 

bilateral vmPFC meningioma resection. However, prior to the development of the 

IGT, EVR was considered to be malingering his symptoms as he performed 
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adequately on tests of cold executive functions (Eslinger & Damasio, 1985; 

Rosenbloom, Schmahmann, & Price, 2012). To date, to our knowledge there is no 

published literature that examines the relationship between IGT performance and 

performance validity (i.e., malingering) testing. However, case studies such as EVR 

highlight the potential impact of hot executive functioning impairment when 

assessing an individual’s behaviour and neuropsychological functioning following 

ABI (and the validity of their reported symptoms). Furthermore, given the high level 

of IGT impairment demonstrated in this study and the sensitivity in detecting people 

with ongoing neuropsychological and neurobehavioral impairment, the inclusion of 

the IGT when assessing people with ABI in a clinical setting, regardless of lesion 

location, would be helpful in clinical decision making. Notably, this is particularly 

important in better recognising an underlying “hidden disability” in clinical and 

medicolegal settings that may not otherwise be detected on traditional executive 

functioning measures. Falsely classifying an individual as malingering or 

exaggerating their symptoms can have an enormous adverse impact on the individual 

(Bianchini, Mathias, Greve, Houston & John, & Crouch, 2001; Wasyliw & Golden, 

1985). That is, being falsely classified as malingering or exaggerating symptoms can 

have an adverse impact on compensation claims (e.g., Bordini, Chaknis, Ekman-

Turner, & Perna, 2002). This can further contribute to emotional symptoms an 

individual may be experiencing following their injury, and could isolate them from 

adequate support (e.g., either due to a lack of financial access or from feeling 

invalidated; Bordini et al., 2002). Furthermore, it prevents the individual from 

understanding their difficulties which can be a barrier to rehabilitation (Prigatano, 

1999). This is not to suggest that a person cannot be consciously or unconsciously 

performing sub optimally and also perform poorly on the IGT, but a closer 
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examination of IGT performance in a person whose self- or informant-reported 

symptoms do not match their neuropsychological profile may be beneficial (e.g., 

when a great degree of dysfunction is reported in the context of a relatively ‘normal’ 

neuropsychological profile). Thus, the use of measures sensitive to hot executive 

functioning following ABI can be crucial in clinical practice.  

While the present study demonstrated a high level of impairment on the IGT 

that is sensitive and specific in detecting ABI, the functional impact of this 

impairment is yet to be demonstrated. There is limited support in the literature 

suggesting the IGT’s relationship with everyday executive behaviours following TBI 

(e.g., Levine et al., 2005), and the IGT has demonstrated a relationship with real-

world functioning in other populations such as relapse in pathological gambling 

(Domínguez-Salas, Díaz-Batanero, Lozano-Rojas, & Verdejo-García, 2016) and 

substance use (Passetti, Clark, Mehta, Joyce, & King, 2008). Thus, there is some 

limited evidence for the IGT’s ecological validity in predicting real world outcomes 

which requires further investigation in people with ABI. 

As indicated by the present results, future research is also needed to better 

understand how lesion location impacts IGT performance. There is considerable 

research examining frontal lobe injuries, specifically to the vmPFC (Bechara et al., 

1994, 2000; Clark et al., 2008) or dlPFC (MacPherson, Phillips, Della Sala, & 

Cantagallo, 2009; Manes et al., 2002) and their connections with subcortical regions 

of the brain. However, there is mixed evidence regarding the nature of injuries to 

posterior areas of the brain, with some studies demonstrating reduced IGT 

performance in people with cerebellar lesions (e.g., Cardoso et al., 2014) and others 

demonstrating no impact of posterior lesions on IGT performance (Bechara et al., 

1994). Some studies have compared the difference between frontal and non-frontal 
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lesions (e.g., Cotrena et al., 2014) and found no impact of lesion location, however 

these have been limited in sample size (e.g., n = 53) and likely did not have sufficient 

power to demonstrate an effect. It is noted the current study also demonstrated 

similar means in people with frontal and non-frontal injuries though the statistical 

difference could not be tested. Future research investigating this using a larger 

sample or meta-analytic techniques would be useful in determining whether those 

with non-frontal lesions also demonstrate a similar level of IGT impairment. 

Similar to this, IGT performance in people with ABIs of different aetiologies 

should also be examined. Many of the previous studies of IGT performance have 

focused on people with TBI (e.g., Levine et al., 2005) or strokes (e.g., Cardoso et al., 

2015), rather than other forms of ABI including hypoxia or encephalitis. Exploratory 

analyses in this study suggested a potential lesser degree of impairment in the small 

number of people included with these types of injury, however this could not be 

examined statistically. This is somewhat surprising given that these types of injuries 

have been associated with other types of (cold) executive dysfunction (Anderson & 

Arciniegas, 2010; McKeon et al., 2016; Utley et al., 1997), and some studies have 

documented social changes suggestive of hot executive functioning deficits (e.g., 

McKeon et al., 2016), though it is noted there is considerable variability between 

individuals. Further investigation of IGT performance in people with these types of 

injuries using larger samples would be interesting to better understand IGT 

performance, including who might be impaired on measures of hot executive 

functioning. Investigating whether the pattern of IGT performance differs between 

different injury aetiologies would also be helpful for understanding the mechanism of 

hot executive functioning impairment. 
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Further research regarding the lateralization of the injury and its impact on 

IGT performance is also recommended. The present study included participants with 

unilateral left-sided injuries (n = 13), unilateral right-sided injuries (n = 10), and 

bilateral injuries (n = 44), and detected a significant impairment on the IGT. Given 

that a substantial majority of participants had bilateral injuries, the lateralization of 

injury is unlikely to have influenced the results considerably. However, there is 

conflicting evidence regarding the impact of lateralization of injury on IGT 

impairment, with some studies finding only right-sided injuries produce an IGT 

impairment (e.g., Clark et al., 2003; Tranel, Bechara, & Denburg, 2002), others find 

only left-sided injuries (e.g., Mattavelli et al., 2012), whereas others find no impact 

of lateralization of injury (e.g., Ouerchefani et al., 2017; Sigurdardottir et al., 2010). 

Furthermore, there is evidence that there may be an interaction with gender, whereby 

female participants demonstrate poorer performance after experiencing left-sided 

injuries and males after right-sided injuries (Gupta, Koscik, Bechara, & Tranel, 2011; 

Reber & Tranel, 2017; Sutterer, Koscik, & Tranel, 2015). Clarifying whether the 

level of impairment seen in this study is limited to people with damage to a particular 

cerebral hemisphere would assist in clinical settings in determining who might 

demonstrate a decision making impairment. 

Furthermore, while the age, education, and gender were considered, 

premorbid intellectual functioning was not measured in this study. Intellectual 

functioning is strongly related to executive functioning performance (Arffa, 2007; 

Friedman et al., 2006), and studies controlling for pre-morbid intellectual functioning 

have not demonstrated hot executive functioning impairments in people with ABI 

compared to controls (Levin et al., 2010). Consequently, it is possible that the 

between-subjects differences in IGT performance seen in this study could be 
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explained by differences in premorbid intellectual skills. Supporting this, a 

relationship between IGT performance and intellectual functioning has been 

demonstrated in non-clinical samples (Suhr & Hammers, 2010). However, Suhr and 

Hammers’ (2010) study used only one measure (WASI Matrix Reasoning) as an 

estimate of intellectual functioning and the authors acknowledge that this is often 

thought of as a problem solving and reasoning task (i.e., strongly related to executive 

functioning). Other studies have not found a relationship between Matrix Reasoning 

and IGT performance (e.g., Brand et al., 2007). Furthermore, while there is a 

relationship between executive functioning and intelligence, there is not a one-to-one 

relationship between the constructs (Davis, Pierson, & Finch, 2011), meaning that 

executive functioning impairments can be present in people with normal intelligence. 

This was demonstrated in Kersel and colleagues’ (2001) study, who found that the 

proportion of their sample who demonstrated executive functioning impairment 

following severe TBI was greater than the proportion with intellectual deficits. 

However, given this link, future research in this area controlling for premorbid 

intellectual functioning is recommended. 

While the use of T-scores allowed for the potential covarying influence of 

age, gender, and education to be considered, the sample size did not allow for these 

variables to be included as covariates in the model. This should be considered as 

limitations of the present study. Other potential covariates that may influence this 

relationship include a history of substance use or gambling (Domínguez-Salas et al., 

2016; Passetti et al., 2008) or psychiatric conditions such as or anorexia nervosa 

(Tchanturia et al., 2007). Future research should consider evaluating the potential 

influence of such sociodemographic and clinical factors. 
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While the use of T-scores was a strength of this study, it is noted there is a 

limitation to this approach. The T-scores in Bechara’s (2007) manual were derived 

from an American normative sample, whereas the participants in this study were 

Australian. Previous research has suggested that cultural differences can change the 

way individuals perform on neuropsychological tests (Rosselli & Ardila, 2003), and 

Bakos et al. (2010) demonstrated differences on IGT performance between American 

and Brazilian samples. While there is yet to be published research examining the 

differences between American and Australian populations on the IGT, research 

suggests Australians may perform slightly superior to Americans on other 

neuropsychological tests (e.g., Olaithe et al., 2019). As such, it is possible the T-

scores obtained in the current study may be a slight overestimate of how a person 

with an ABI may perform in other cultural groups. The use of an Australian 

comparison group helped mitigate this, as large effect sizes were seen between two 

Australian groups. Furthermore, the healthy group performed within normal limits 

(i.e., within half a standard deviation of the Bechara, 2007 mean) and more than two 

standard deviations above the ABI group. As such, the sensitivity, specificity, and 

impairment shown in the people with ABI relative to healthy individuals is likely a 

relatively accurate estimate, though the cultural context of research should always be 

considered. 

A further limitation of this study was the measure of working memory. While 

necessary due to the use of archival data, as recruitment and testing occurred in 

multiple phases, there are slight differences between tests across the studies. While 

most of these would be considered essentially the same test (e.g., two different 

versions of the verbal fluency), the working memory measures were not exactly 

equivalent, as evidenced by the moderate correlations between the tests reported by 
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Wechsler (2002, 2008). The use of a combined variable may have introduced error 

into the measurement of working memory updating, affecting its predictive utility. 

Thus, it is recommended future research replicates these results using a single 

measure of working memory updating. 

In future studies, the severity of the injury should also be examined in greater 

detail. While efforts were made to systematically record injury severity in Phase 2 of 

the study, this was not followed in Phase 1. Furthermore, records such as the NIH 

Stroke Score (NIHSS) were not made available for participants with stroke, which is 

the most common way of classifying strokes. This unfortunately limited the quality 

of this study. Future research should attempt to quantify injury severity in a more 

standardised manner.  

4.5.4 Conclusion 

 In conclusion, the present study builds on Azouvi et al.’s (2016) study and 

demonstrated the unique sensitivity and specificity of including hot executive 

functioning measures in detecting ABI. It further characterized the level of 

impairment on an exemplar measure of hot executive functioning, the IGT, in a 

sample of people with ABI of mixed aetiologies using both raw scores and T-scores, 

which have not previously been examined in this literature. Simply differentiating 

individuals with ongoing neuropsychological impairment, while important, has 

limited utility compared to whether this neuropsychological impairment predicts 

everyday functioning. Investigating this level impairment and its impact on 

functional outcome following ABI would be an important next step.   
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5.1 Abstract 

Previous literature has demonstrated a high level of impairment in hot executive 

functioning following acquired brain injury (ABI). Furthermore, an exemplar measure of 

hot executive functioning – the Iowa Gambling Task (IGT) – has demonstrated 

sensitivity to the effects of ABI. However, it is not clear how the IGT relates to 

functional outcome following ABI. Previous literature has been limited, though there is 

preliminary support for hot executive functioning as a unique predictor. Consequently, 

the present study aimed to investigate the IGT as a unique predictor of functional 

outcome following ABI, in the context of cold executive functions and demographic 

variables. Fifty-nine adults with ABI of mixed aetiology completed tests of cold 

executive functioning (set shifting, inhibition, working memory updating, and 

generativity) in addition to the IGT. Functional outcome was measured using the self-

report MPAI-4. Only the IGT (β = .38, p = .003) and time since injury (β = .30, p = .018) 

were significant predictors of functional outcome, with the model accounting for 27.3% 

of the total MPAI-4 composite score. The IGT was the only variable to share a 

significant association with the Abilities Subscale (r = .44, p = .001) and Adjustment 

Subscale (r = .35, p = .006), while only time since injury demonstrated a unique 

association with the Participation Subscale (β = .29, p = .030). However, the direction of 

these associations was contrary to expectations, with greater IGT performance and 

longer time since injury predictive of poorer self-reported functional outcome. These 

results were interpreted in the context of limited self-awareness and insight, and 

potential covariates such as alexithymia were explored, with recommendations made for 

future research in this area. 
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5.2 Introduction 

While executive functioning has been linked to functional outcome following 

ABI (e.g., Spitz, Ponsford, Rudzki, & Maller, 2012), the conceptualization of executive 

functioning in this literature has not considered more recent developments such as the 

distinction between hot and cold executive functions (Chan, Shum, Toulopoulou, & 

Chen, 2008). Hot executive functioning refers to executive functions that require 

emotional or motivational processes, whereas cold executive functions require logic and 

reasoning but do not contain any emotional content (Chan et al., 2008; Grafman & 

Litvan, 1999). Despite the limited focus on hot executive functioning following ABI, 

previous chapters in this thesis demonstrated an exemplar measure of hot executive 

functioning – the Iowa Gambling Task (IGT) – as having high sensitivity and specificity 

in differentiating people with ABI from healthy individuals, and at a group level, 

individuals with ABI perform in the significantly impaired range on the IGT. However, 

the real-world effect of this impairment remains to be seen, despite poor IGT 

performance often being described as having an impact on everyday life following an 

injury (e.g., Dunn, Dalgleish, & Lawrence, 2006). As such, the next important step is 

determining whether this impairment in hot executive functioning influences everyday 

life following ABI. Thus, the aim of this study is to determine whether hot executive 

functioning, as measured by the IGT, is predictive of functional outcome following ABI. 

As other cold executive functions (e.g., Allanson, Pestell, Gignac, Yeo, & Weinborn, 

2017) and demographic variables (e.g., Mushkudiani et al., 2007) are considered 

important predictors of functional outcome, hot executive functioning will be explored 

in the context of these dimensions.  
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Case studies of people with ventromedial prefrontal cortex (vmPFC) lesions 

provide preliminary support for the assertion that hot executive functioning impacts 

daily life, as vmPFC injuries have been associated with hot executive functioning 

impairment (Chan et al., 2008). For example, EVR (described by Eslinger & Damasio, 

1985) underwent a bilateral vmPFC resection of a meningioma. Prior to the surgery, he 

was described as a respected member of the community, was financially successful, and 

had a strong relationship with his wife. Following the surgery, he divorced his wife and 

quickly remarried, entered a series of disastrous business ventures, and was unable to 

maintain stable employment. He ultimately returned to live with his parents 

(Rosenbloom, Schmahmann, & Price, 2012). Despite this real-world dysfunction, EVR 

performed normally on all other tests of executive functioning and intelligence, yet 

demonstrated an impairment on the IGT (Bechara, Damasio, Damasio, & Anderson, 

1994). Thus, it is possible hot executive functioning impairment may contribute to some 

of the difficulties he experienced following his injury, and it has be speculated that the 

IGT should have greater ecological validity compared to other neuropsychological tests 

due to its ability to detect this type of impairment (Brevers, Bechara, Cleeremans, & 

Noël, 2013). 

While support for the relationship between the IGT and functional outcome has 

been demonstrated in other populations such as substance users (e.g., Chen, Chen, & 

Wang, 2015; Passetti, Clark, Mehta, Joyce, & King, 2008), the empirical literature 

investigating this relationship following ABI in adults is very limited. Levine et al. 

(2005) studied 71 people with mild to severe traumatic brain injury (TBI) on a range of 

neuropsychological tests. Participants completed a neuropsychological test battery 
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including measures of cold executive functioning and the IGT. Functional outcome was 

measured using the self- and informant-reported Dysexecutive Questionnaire (DEX) and 

the examiner-rated interview of the Neurobehavioral Rating Scale-Revised (NRS-R), 

both of which assess executive functioning behaviours and affect (e.g., inhibition, 

emotional and behavioural hyperactivation; Burgess et al., 1998; Levin et al., 1990; 

Norris & Tate, 2000). The study observed significant correlations between IGT blocks 

and subscales of the DEX and NSR-R, though there was no significant relationship 

between the total score on the IGT and these outcome measures. However, no measure 

of participation in work, leisure, or social relationships was utilized. Thus, the IGT has 

demonstrated a relationship with real-world ratings of cognitive and emotional 

behaviours, yet whether this translates into outcomes such as participation in productive 

activity remains unseen. 

Rebetez et al. (2015) provided further support for a link between hot executive 

functioning and functional outcome, this time using self- and informant-report 

questionnaires and interviews tapping hot executive behaviours rather than the IGT. The 

authors were primarily interested in the idea of ‘urgency’, which is a trait of impulsivity 

defined as the tendency to experience strong reactions under conditions of negative 

affect (Rebetez et al., 2015). In a sample of 60 people with severe TBI, they used 

questionnaires to measure participants’ impulsivity and emotional/behavioural 

hyperactivation, which are behaviours often described in people with hot executive 

functioning problems (e.g., Barrash, Tranel, & Anderson, 2000; Scott & Schoenberg, 

2011). Functional outcome was measured using the Glasgow Outcome Scale – Extended 

(GOS-E), which looks at a person’s global level of functioning including at home, work, 
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and in social relationships. The study demonstrated that the relationship between 

urgency and functional outcome was mediated by emotional/behavioural 

hyperactivation, explaining 25% of the variance in functional outcome. That is, high 

levels of urgency results in high levels of emotional/behavioural hyperactivation, which 

affects functional outcome. Thus, they provided support for ratings of hot executive 

behaviours in predicting functional outcome following TBI.  

By contrast, Homaifar and colleagues (2012) did not demonstrate a link between 

the IGT and real-world behaviours following TBI. In this study, 47 veterans with mild to 

severe TBI were administered a range of hot and cold executive functioning tests 

(including the IGT) in addition to mood and demographic factors. The study aimed to 

discover the relationship between executive dysfunction and suicidal behaviour 

following TBI. The IGT did not differentiate between people with or without suicidal 

behaviours, though no regression analysis was performed (Homaifar et al., 2012). It is 

noted that suicidal behaviour is very specific and not necessarily reflective of a person’s 

functioning across their everyday life, as there may be other factors influencing 

suicidality which were not controlled for (e.g., mental health disorders). Furthermore, 

this study was limited by a small sample sizes and very heterogeneous groups, as 

participants were between one and 63 years post-injury. 

Taken together, there is preliminary evidence that hot executive functioning may 

be related to functional outcome following ABI in adults. However, the literature is very 

limited and somewhat mixed, and there is variability in the measures used to assess hot 

executive functioning and functional outcome.  
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5.2.1 Cold Executive Functions 

When investigating the IGT as a predictor of outcome, it is important to control 

for cold executive functions to determine the unique predictive utility of the IGT. That 

is, cold executive functions have been identified as promising predictors of functional 

outcome following ABI (e.g., Allanson et al., 2017; Pohjasvaara et al., 2002), and there 

is mixed evidence demonstrating a relationship between the IGT and cold executive 

functions. While some studies demonstrated a moderate to large relationship between 

the IGT and working memory (e.g., r = -.40; Levine et al., 2005), others have not found 

a relationship (Kelly, McDonald, & Kellett, 2014). Furthermore, some studies have 

argued that an impairment on the IGT is due to a working memory impairment, as 

increasing the working memory load of the task has been shown to impact IGT 

performance on a modified version of the task (Hinson, Jameson, & Whitney, 2002; 

Jameson, Hinson, & Whitney, 2004), meaning that it is important to evaluate the IGT in 

the context of working memory. However, other studies using the original IGT task have 

failed to find this relationship (e.g., Gozzi, Cherubini, Papagno, & Bricolo, 2011). 

Furthermore, studies have also reported a relationship between other cold executive 

functions and the IGT, including moderate relationships with set shifting, (r = .32 to .35; 

Brand, Recknor, Grabenhorst, & Bechara, 2007), inhibition (r = .20; Sigurdardottir, 

Jerstad, Andelic, Roe, & Schanke, 2010), and generativity (r = .23; Sigurdardottir et al., 

2010). By contrast, a meta-analysis by Toplak et al. (2010) revealed a relative 

dissociation between IGT performance and performance on tests of cold executive 

functioning and intelligence in a mixed clinical sample. Given this ambiguity, the 

present study will evaluate the unique predictive utility of the IGT while controlling for 

the impact of cold executive functioning variables. 
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5.2.2 Demographic Variables 

The impact of demographic characteristics should also be considered in the 

relationship between the IGT and functional outcome. Demographic predictors are 

considered valuable predictors of functional outcome, particularly because they can 

often be determined close in time to injury (Perel et al., 2008). Age and injury severity 

are thought to be two of the strongest predictors of functional outcome with older age 

and greater severity associated with poorer functional outcome (Atchison et al., 2004; 

Brooks, McKinlay, Symington, Beattie, & Campsie, 1987; Dawson, Schwartz, Winocur, 

& Stuss, 2007; Mushkudiani et al., 2007). Furthermore, level of education has also 

shown a relationship with functional outcome, with higher levels of education related to 

greater outcome (Ponsford, Draper, & Schonberger, 2008). Finally, given the 

spontaneous recovery expected following ABI (Nudo, 2013), time since injury is also 

important to control for when examining functional outcome (Malec, Smigielski, 

DePompolo, & Thompson, 1993). 

5.2.3 Measuring Functional Outcome 

The measurement of functional outcome also needs to be considered. In Chapter 2, 

the Glasgow Outcome Scale – Extended (GOS-E) was one of the most commonly used 

measures of functional outcome following TBI, and neuropsychological variables 

predicted approximately 31% of its variance. However, as described in Chapter 2, this is 

a brief measure of functional outcome. When using brief outcome measures, it can be 

difficult to examine the predictive utility of the IGT across multiple areas of people’s lives, 

such as adjusting to their injury, managing finances, or initiating activities. Outcome 

measures such as the Mayo-Portland Adaptability Inventory (MPAI-4) may provide a 

more nuanced approach as it specifically asks about multiple areas of a person’s life, and 
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has been considered a more holistic approach to assessing functional outcome (Spitz et 

al., 2012). 

The MPAI-4 is a multidimensional measure that captures a range of areas across an 

individual’s life. The MPAI-4 was developed for use with brain-injured populations and 

was designed to measure both physical and cognitive impairment, participation in the 

community and home, and adjustment to their injury. It contains three subscales of 

abilities (e.g., mobility, communication, memory, and executive functioning), adjustment 

(e.g., mood, fatigue, and self-awareness), and participation (e.g., leisure activities, self-

care, employment, and money management). The MPAI-4 has good psychometric 

properties, demonstrating high internal consistency (a = .89; Malec et al., 2003), and 

strong correlations between the subscales and the full MPAI-4 score (r = .82 - .86; Malec 

et al., 2003). It has been found to be one of the five most comprehensive outcome measures 

available, along with the Community Living Skills Scale, the Participation Measure for 

Post-Acute Care, the Assessment of Life Habits, and the Psychological Adjustment to 

Illness Scale self-report version (Resnik & Plow, 2009)– none of which have been used 

widely in the literature on neuropsychological prediction of outcome in ABI. 

The MPAI-4 has shown promise in similar literature (i.e., investigating the utility of 

neuropsychological tests in predicting functional outcome following ABI). For example, 

Spitz et al. (2012) demonstrated that cold executive functioning variables (i.e., planning, 

working memory updating, and set shifting) were the strongest predictor of functional 

outcome (as measured by the MPAI-4) in people with moderate to severe TBI. Other 

studies have also demonstrated relationships between neuropsychological functioning and 

the MPAI-4 following ABI (e.g., Perna, Loughan, &Talka, 2012; Zgaljardic et al., 2011), 
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although it is noted not all studies have demonstrated such a strong link (e.g., Erez et al., 

2009). 

Consequently, given its promise in previous literature, the holistic and 

comprehensive manner in which it measures functional outcome, and its strong 

psychometric properties, the MPAI-4 was chosen as the primary outcome measure in this 

study. 

5.2.4 Aims and Hypotheses 

In this study, we investigated the association between the IGT and functional 

outcome following ABI, controlling for the effects of cold executive functions and 

demographic factors. It was hypothesized that demographic factors previously described 

as predictive of functional outcome (e.g., age, education, injury severity, and time since 

injury; Atchison et al., 2004; Mushkudiani et al., 2007; Ponsford et al., 2008) would be 

significant predictors of functional outcome in the present study. Furthermore, based on 

the meta-analysis of Allanson et al. (2017), it was hypothesized that cold executive 

functions would also be unique predictors of functional outcome, whereby poorer cold 

executive functioning performance would be associated with poorer outcome. Finally, 

based on evidence suggesting a possible association between IGT and everyday life 

(e.g., Levine et al., 2005), it was hypothesized that the IGT would be a significant 

unique predictor of functional outcome, independently of the effects of cold executive 

functioning and demographic variables. That is, that poorer IGT performance would be 

predictive of poorer functional outcome. 
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5.3 Methods 

5.3.1 Participants 

Participants were recruited in two phases through local hospital-based 

rehabilitation services, a community-based rehabilitation service, and through flyers and 

advertisements in the community. This process is described in detail in Chapter 4 of this 

thesis. 

5.3.2 Materials and Procedure 

A detailed description of the neuropsychological tests and the procedures 

undertaken as part of this study can be found in Chapter 4 of this thesis. For all 

executive functioning variables, higher scores were indicative of better performance. 

Briefly, the following executive functioning dimensions were measured in this study: 

1) Hot Executive Functioning: The computerized Iowa Gambling Task (IGT; 

Bechara 2007) was used as a measure of hot executive functioning. The 

demographically corrected total T-score was used in this study.  

2) Set Shifting: The Trail Making Test Part B was used to measure set shifting. 

Tombaugh (2004) normative data was used to obtain an age-corrected (and 

subsequently reversed) z-score of the time taken to complete the task for all 

participants. 

3) Working Memory Updating: Not all participants completed the same 

working memory test. Consequently, a normative (scaled) variable was 

created on the basis of performance on two comparable tests, including 

scaled scores from Letter-Number Sequencing – WAIS-III (n = 34; 

Wechsler, 1997) and Digit Span Backwards – WAIS-IV (n = 36; Wechsler, 
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2008). To our knowledge, there are no reported correlations between these 

subtests. However, the correlations between WAIS-IV Letter-Number 

Sequencing and WAIS-IV Digit Span Backwards range from r = .47 and r 

= .68 for 18 to 75 year olds (Wechsler, 2008). 

4) Inhibition: Not all participants completed the same inhibition test. 

Consequently, a normative (scaled) variable was created on the basis of 

performance on two comparable tests, including the Color-Word trial from 

the Trenerry Stroop Task (n = 34; Trenerry, Crosson, DeBoe, & Leber, 

1989) and the Delis-Kaplan Executive Functioning System (D-KEFS) 

Color-Word Interference Task Inhibition Trial (n = 36; Delis, Kaplan, & 

Kramer, 2001). These scores were converted to percentile ranks to form a 

composite variable. To our knowledge, the correlations between these two 

tasks has not been reported. 

1) Generativity: Not all participants completed the same generativity test. 

Consequently, a normative (scaled) variable was created on the basis of 

performance on two comparable tests, including, the Controlled Oral Word 

Association (COWA) task (n = 34) and the NIH EXAMINER Phonemic 

Fluency task (n = 36). The total number of correct words were transposed 

into z-scores based on normative data obtained through personal 

communication (Wood, personal communication, August 7, 2015) or using 

Tombaugh et al. (1999)’s norms.   

Outcome measurement. The Mayo-Portland Adaptability Inventory (Malec et al., 

2003) was administered as the measure of functional outcome. As described above, it 
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contains three subscales of abilities, adjustment, and participation and a total score. 

Malec et al. (2003) recommended that T-scores between 40 and 60 be considered 

average or typical of people involved in outpatient and community-based or residential 

rehabilitation. T-scores above 60 would suggest severe limitations compared to others 

with ABI, whereas T-scores of 30 to 40 would suggest mild limitations. A T-score 

below 30 would represent a good outcome following ABI. Thus, a higher T-score on the 

MPAI-4 denotes poorer functional outcome. 

Due to data entry practices at the time, the MPAI-4 Total score was not available 

for approximately half the participants. As such, a composite score based on the means 

of the three subscales was computed. In participants for whom both scores were 

available (n = 35), the computed composite score (henceforth referred to as the MPAI-4 

Total Composite Score) was highly correlated with the MPAI-4 Total score, r = .98, p < 

.001. It is noted that when the subscale scores are computed, three questions are included 

in both the Adjustment and Participation subscales. These questions are in relation to 

initiation, social contact, and leisure and recreation abilities. The repetition of these 

items is controlled for in the total score. Thus, these items have a greater weighting in 

the MPAI-4 Total Composite Score compared to the traditional way of computing the 

total score. 

The MPAI-4 was administered as a self-report questionnaire in this study. Given 

the complexity of the questionnaire, it was conducted as an interview with the 

participants. It is noted that we intended to use both self-report and informant-report 

(clinician and family report) measures of functional outcome. However, we were unable 

to collect an adequate number of informant-report questionnaires for a variety of reasons 
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(i.e., lack of clinician time to complete the questionnaire, not having questionnaires 

returned by family members, and participants being either unwilling or unable to select 

an informant). An inadequate number of informant-report measures were available at the 

time of completing this study (n = 19) and these could not be included as part of the data 

analysis. Of those 19 informant-reports, 13 were clinician-reports and six were family-

report. 

5.3.3 Data Analysis 

As clinical data were utilized there were some missing data, due to participants 

declining to complete tasks, not being able to complete tasks (e.g., due to hemiplegia or 

colour blindness), participant fatigue, or time limitations. There were four missing data 

points for the IGT, one for generativity, four for inhibition, two for set shifting, and two 

for working memory updating. Sixty-nine participants completed the MPAI-4. Missing 

data were removed casewise. Consequently, the total sample included in this study was 

N = 59.  

To establish the predictive utility of the IGT, controlling for the effects of other 

executive measures and demographic factors, four hierarchical multiple regressions were 

performed, with the MPAI-4 Total Composite Score and each of the MPAI-4 subscales 

as dependent variables. First, in order to conduct the multiple regressions, the inter-

correlations between executive functioning and demographic predictors and MPAI-4 

subscales were estimated. Correlations equal to .10, .20, and .30 were considered 

relatively small, typical, and relatively large, respectively (Gignac & Szodorai, 2016). 

To potentially reduce the number of predictors in the models, only demographic and 

cold executive functioning variables associated with a significant or a trend level 



 

 

Chapter 5: Iowa Gambling Task and Functional Outcome Following Acquired Brain Injury 225 

significant correlation (i.e., p < .06) with the outcome measure were included in the 

regression models. The IGT was included in all hierarchical regression models as the 

primary variable of interest in this study. In all models, demographic predictors were 

entered in step 1, followed by cold executive functioning variables at step 2, and the IGT 

was entered in the final step (step 3). All analyses were conducted with SPSS version 22 

(IBM Corporation, 2013). 

5.4 Results 

5.4.1 Participants 

Seventy participants with ABIs participated in this study. Demographic 

information for the participants is displayed in Table 21. The sample consisted of 42 

males (61.4%). Time since injury was not available for one participant. 

The mechanism of ABI varied across participants.10 Thirty-six of the participants 

had a TBI (51.4%), 25 had a cerebrovascular accident (35.7%), five participants had an 

ABI following a tumour resection (7.1%), two participants had a hypoxic injury (2.9%), 

and two had an encephalitis or meningitis (2.9%). The sample also varied in injury 

severity, with five participants classified as having a mild injury (7.1%), 21 participants 

having a moderate injury (30%), and 44 participants having a severe injury (62.9%). 

More detailed information regarding injury severity and lesion location can be seen in 

Chapter 4. 

 

 
10 As described in Chapter 4, detailed injury information was not available for three 

participants though they had clinical evidence of an injury, and two participants supplied 

medical records of a vertebral artery dissection.  



 

 

Chapter 5: Iowa Gambling Task and Functional Outcome Following Acquired Brain Injury 226 

 

Table 21 

Demographic Information For All Participants Separated By Phase of Recruitment 

 

5.4.2 Data Cleaning 

The inter-quartile range rule with a 2.2 multiplier was used to identify outlying 

values (Hoaglin, Iglewicz, & Tukey, 1986). Three participants yielded set shifting 

outlying values, and three participants yielded time since injury outlying values. These 

values were winsorized (Dixon, 1980). As can be seen in Table 22, the data were 

considered relatively normally distributed (i.e., skew < |1.25|). 

 Independent samples t-tests were performed to determine whether participants 

recruited in Phase 1 differed from Phase 2 with regard to demographics (age, years of 

education, and time since injury). Independent samples t-tests revealed no differences 

between Phase 1 and Phase 2 participants in mean age (t (68) = 1.62, p = .109) nor mean 

 Total Sample 

(N = 70) 

Phase 1 

(n = 34) 

Phase 2 

(n =36) 

 M (SD) Range M (SD) Range M (SD) Range 

Age (Years) 43.27 

(14.95) 

19 - 73 

40.27 

(14.21) 

19 - 65 

46.06 

(15.48) 

20 - 73 

Education 

(Years) 

12.87 

(2.61) 

9 – 19.50 

12.36 

(2.3) 

9 - 17 

13.36 

(2.85) 

9 – 19.50 

Time Since 

Injury 

(Months) 

13.96 

(18.54) 

1 - 144 

18.45 

(25.13) 

1-144 

9.83 

(7.33) 

2 - 34 
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years of education (t (68) = 1.63, p = .107). Homogeneity of variance was violated in the 

independent samples t-test examining between-group differences for time since injury, 

and a Welch-Satterthwaite correction was utilized. Consequently, an independent 

samples t-test revealed trend level differences in time since injury between Phase 1 (M = 

18.45, SD = 25.13) and Phase 2 participants (M = 9.83, SD = 7.33), t (36.98) = -1.97, p = 

.066, with Phase 1 participants being further in time from their injury. 

Table 22  

Descriptive Statistics for Cognitive and Outcome Variables 

 

As can be seen in Table 23, all of the cold executive functioning variables 

demonstrated large, positive inter-correlations (range: r = .30 to r = .45), suggesting the 

Variable M (SD) Range Skew Kurtosis 

MPAI-4 Composite 43.37 (9.25) 26.67 – 65 .26 -.58 

MPAI-4 Ability Subscale 43.53 (10.79) 7 – 63 -1.13 2.94 

MPAI-4 Adjustment Subscale 42.88 (11.04) 12 – 67 -.16 .28 

MPAI-4 Participation Subscale 43.69 (13.39) 20 - 81 .03 -.32 

Iowa Gambling Task 27.46 (18.91) 4 – 64 .22 -1.56 

Set Shifting -1.77 (2.74) -7.52 – 2.58 -.91 .23 

Working Memory Updating 9.68 (2.91) 2 – 16 .11 .08 

Inhibition 43.21 (32.75) .1 - 100 .29 -1.21 

Generativity -.32 (1.03) -3 – 1.74 -.32 .46 

Note. N = 59; M = Mean; SD = Standard Deviation; MPAI-4 = Mayo-Portland 

Adaptability Inventory 4th Edition 
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presence of a general cold executive functioning process. By contrast, the IGT yielded 

one significant correlation with the cold executive functions (i.e., generativity; r = .27), 

suggesting relative independence from most cold executive processes. 

With respect to the outcome measures, the MPAI-4 subscales shared large 

positive correlations with one another, suggesting a general outcome factor. Of note, of 

all of the variables reported in Table 23, time since injury, set shifting, and the IGT 

demonstrated moderate to large, significant correlations with the MPAI-4 Total 

Composite Score. Additionally, working memory updating demonstrated trend level 

significance, r = -.24, p = .064. Only the IGT was associated with a significant positive 

correlation with the Ability and Adjustment subscales. Consequently, greater 

performance on the IGT was associated with poorer self-reported functional outcome (as 

a higher score on the MPAI-4 indicates more severe symptoms). Furthermore, only time 

since injury and set shifting were associated with significant correlations with the 

Participation subscale. That is, shorter time since injury and greater set shifting abilities 

were associated with better self-reported participation.  

While the informant-report MPAI-4 data could not be analysed due to the small 

number of informant reports collected, descriptive statistics for the Abilities (M = 41.47, 

SD = 15.83, range -4 to 68), Adjustment (M = 46.42, SD  = 10.52, range -4 to 68), and 

Participation (M = 39.79, SD = 11.91, range 7 to 55) subscales were calculated. The 

mean difference between self- and informant-reports was 5.79 (SD = 16.81, range -15 to 

53) for the Abilities subscale, -.84 (SD = 14.3, range -38 to 20) for the Adjustment 

subscale, and 6.05 (SD = 11.40, range -13 to 32) for the Participation subscale. 
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Table 23 

Pearson Correlations Between the MPAI-4, Executive Functioning Variables, and Demographic Variables 
 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1. MPAI Comp 1            

2. MPAI Ability .77*** 1           

3. MPAI Adjust. .81*** .54 *** 1          

4. MPAI Part. .78*** .34** .42** 1         

5. Age .08 .01 .07 -.01 1        

6. Edu. -.18 -.05 -.11 -.24 .12 1       

7. TSI .27* .16 .13 .32* -.17 -.28* 1      

8. Sever. .20 .17 .15 .15 -.01 -.14 -.10 1     

9. Set Shift -.28* -.21 -.16 -.28* -.15 .22 -.20 -.07 1    

10. WM -.24^ -.21 -.10 -.25 .07 .28* -.13 -.10 .40** 1   

11. Inhib. -.16 -.18 -.03 -.17 .02 .10 -.04 .07 .39** .45*** 1  

12. Gener. -.14 -.14 .09 -.26 .01 .08 -.35** -.06 .32* .30* .40** 1 

13. IGT .31* .44** .35** .01 .24 .21 -.21 .21 .03 -.08 .10 .27* 

Note. N = 59. * denotes p < .05; ** denotes p < .01; *** denotes p < .001; ^ denotes trend level p. Abbreviations: MPAI = Mayo-

Portland Adaptability Inventory 4th Edition; Comp = Composite Total Score; Ability = Ability Subscale; Adjust. = Adjustment 

Subscale; Part. = Participation Subscale; Edu = Years of Education; TSI = Time Since Injury (months); Sever. = Injury Severity; Set 

Shirt = Set Shifting; WM = Working Memory Updating; Inhib. = Inhibition; Gener. = Generativity; IGT = Iowa Gambling Task. 
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5.4.3 Hierarchical Multiple Regressions  

Composite Total Score. First, a hierarchical multiple regression was 

performed with the MPAI-4 Composite Total Score as the dependent variable (see 

Table 24). At Step 1, time since injury was included in the model as a control 

variable. The model accounted for 7.2% of the variance in the MPAI-4 total scores, 

R2 = .07, F (1, 57) = 4.44, p = .040. Correspondingly, time since injury was 

associated with a statistically significant beta weight, β = .27, p = .040.  

At Step 2, Set Shifting and Working Memory Updating were included in the 

model, with the model accounting for 14.1% of the variability in the MPAI-4 

Composite Total Score, R2 = .14, F(3, 55) = 3.01, p = .038. The addition of these two 

variables did not result in a statistically significant change in R2 (R2 change = .07, F 

(2, 55) = 2.20, p = .120). As can be seen in Table 24, none of the predictor variables 

were associated with a statistically significant beta weight (all p > .05).  

At Step 3, the IGT was added to the model (thus, four predictors). The 

regression equation based on all four predictors accounted for 27.3% of the total 

variance in the MPAI-4 composite score, R2 = .27, F (4, 54) = 5.08, p = .002. 

Furthermore, there was a statistically significant change in R2 at Step 3, R2 change = 

.13, F (1, 54) = 9.83, p = .003. Only the IGT (β = .38, p = .003) and time since injury 

(β = .30, p = .018) variables were associated with statistically significant beta 

weights. As anticipated by the zero-order correlation, the direction of the beta-weight 

implied that higher scores on the IGT were associated with poorer outcome, 

independently of time since injury and the included cold executive functions. Set 

Shifting and Working Memory Updating were not found to be statistically significant 

unique predictors of the MPAI-4 Total Composite Score (see Table 24). 
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Table 24 

Hierarchical Multiple Regression Results Predicting MPAI-4 Composite Score 

  b SE β t p Semi-

partial r 

Step 1 TSI .29 .14 .27 2.11 .040 .21 

Step 2 TSI 
.23 .14 .21 1.67 .100 

.21 

 Set Shifting 
-.60 .47 -.18 -1.27 .209 

-.17 

 WM Updating 
-.45 .44 -.14 -1.04 .301 

-.18 

Step 3 TSI 
.32 .13 .30 2.43 .018 

.27 

 Set Shifting 
-.65 .43 -.19 -1.49 .143 

-.18 

 WM Updating 
-.31 .41 -.10 -.76 .451 

-.14 

 IGT 
.18 .06 .38 3.14 .003 

.36 

Note. N = 59; b = unstandardized beta-weight; β = standardized beta-weight; SE = 

Standard Error; MPAI-4 = Mayo-Portland Adaptability Inventory – Fourth 

Edition; TSI = Time Since Injury; WM = Working Memory; IGT = Iowa 

Gambling Task.  

Step 1 Model R2 = .07, p = .040. Intercept b = 39.93, p < .001.  

Step 2 Model R2 = .14, p = .038. Intercept b = 43.98, p < .001. 

Step 3 Model R2 = .27, p = .002. Intercept b = 36.41, p < .001. 

 

Abilities and Adjustment Subscale. Multiple regressions were not performed 

using these subscales, as only the IGT was significantly correlated with the Abilities 

Subscale (r = .44, p = .001) and Adjustment Subscale (r = .35, p = .006). That is, 
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contrary to expectations, poorer performance on the IGT was associated with better 

functional outcome on these two subscales.  

Participation Subscale. Finally, a hierarchical multiple regression was 

performed with the MPAI-4 Participation Subscale as the dependent variable. In Step 

1, time since injury was included in the model. The model accounted for 10% of the 

variance in the MPAI-4 Participation Subscale, R2 = .10, F (1, 57) = 6.37, p = .014. 

Correspondingly, time since injury was associated with a statistically significant beta 

weight, β = .32, p = .014.  

Set shifting was then included in the model (Step 2), with the model 

accounting for 14.7% of the variance in Participation, R2 = .147, F (2, 56) = 4.83, p = 

.012. The addition of Set Shifting to the model did not result in a statistically 

significant change in R2, R2 change = .047, F (1, 56) = 3.06, p = .086. In Model 2, 

time since injury was associated with a statistically significant beta weight (β = .29, 

p = .035), whereas Set Shifting was not a unique predictor, p = .089 

At Step 3, the IGT was added to the model (thus, three predictors). The 

regression equation based on all three predictors accounted for 15.2% of the total 

variance in the MPAI-4 composite score, R2 = .15, F (3, 55) = 3.30, p = .027. The 

model was not associated with a statistically significant change in R2, R2 change = 

.005, F (1, 55) = .35, p = .555. Furthermore, only time since injury was associated 

with a statistically significant beta weight (β = .29, p = .030). Contrary to 

expectations, the direction of the beta-weight implied that longer time since injury 

was associated with poorer outcome. Finally, Set Shifting and the IGT were not 

found to be statistically significant unique predictors of the MPAI-4 Participation 

Subscale, p > .05 (see Table 25). 

 



 

 

Chapter 5: The Iowa Gambling Task and Functional Outcome in Adults with Acquired Brain Injury 233 

Table 25 

Hierarchical Multiple Regression Results Predicting MPAI-4 Participation 

  b SE β t p Semi-

partial r 

Step 1 TSI .49 .19 .32 2.52 .014 .30 

Step 2 TSI .42 .20 .27 2.16 .035 .28 

 Set Shifting -1.08 .62 -.22 -1.75 .086 -.26 

Step 3 TSI .45 .20 .29 2.23 .030 .29 

 Set Shifting -1.07 .62 -.22 -1.73 .089 -.26 

 IGT .05 .09 .08 .60 .555 .08 

Note. N = 59; b = unstandardized beta-weight; β = standardized beta-weight; SE = 

Standard Error; MPAI-4 = Mayo-Portland Adaptability Inventory – Fourth 

Edition; TSI = Time Since Injury; IGT = Iowa Gambling Task.  

Step 1 Model R2 = .10, p = .014. Intercept b = 37.84, p < .001.  

Step 2 Model R2 = .15, p = .012. Intercept b = 36.75, p < .001. 

Step 3 Model R2 = .15, p = .027. Intercept b = 35.00., p < .001. 

 

5.5 Discussion 

The present study aimed to investigate the IGT as a unique predictor of 

functional outcome following ABI, in the context of demographic and cold executive 

functioning predictors. Firstly, it was hypothesized that demographic variables would 

be significant predictors of functional outcome. This was not supported, with only 

time since injury demonstrating predictive utility. Furthermore, the direction of the 

association between time since injury and measures of functional outcome was 
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contrary to expectations, with longer time since injury associated with poorer 

outcome. It was also hypothesized that cold executive functioning variables would be 

significant predictors of functional outcome. This was also not supported, with none 

of the cold executive functioning being significant unique predictors of outcome.  

Finally, it was hypothesized that the IGT would be a unique predictor of 

functional outcome following ABI, and that poorer performance on the IGT would 

be associated with poorer outcome. This hypothesis was not supported. While the 

IGT was a significant unique predictor of the composite total score, and shared 

significant relationships with the abilities and adjustment subscales, it was not a 

unique predictor of participation following ABI. Furthermore, the direction of the 

association was contrary to expectations, with poorer performance on the IGT 

predicting better functional outcome.  

5.5.1 Self-Awareness and Insight 

The results of the present study were contrary to previous literature 

suggesting the utility of demographic information such as higher age or lower levels 

of education (e.g., Mushkudiani et al., 2007; Ponsford et al., 2008; Steyerberg et al., 

2008), shorter time since injury (e.g., Corrigan, Smith-Knapp, & Granger, 1998), 

poorer cold executive functioning (e.g., Allanson et al., 2017), and poorer hot 

executive functioning (e.g., Levine et al., 2005; Rebetez et al., 2015) in predicting 

poorer functional outcome following ABI. While it is certainly possible that these 

results are reflective of real life, this seems unlikely given the results of case studies 

and past literature to the contrary. As such, other explanations (such as 

methodological limitations) need to be considered. 

One possible explanation for these puzzling results is the use of self-report 

outcome measurement, as participants’ reporting of their functional outcome may be 
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limited by impaired self-awareness and insight. The impact of this is purely 

speculative, given that self-awareness and insight were not measured as part of this 

study. However, it is an important explanation to consider when interpreting the 

results of this study as impaired self-awareness and insight are common following 

ABI (e.g., Hoofien, Gilboa, Vakil, & Barak, 2004; Prigatano & Schacter, 1991), and 

there is considerable evidence that people with ABI have difficulties appraising their 

abilities and functional limitations accurately following their injury (e.g., Ownsworth 

& Fleming, 2005). For example, with a previous version of the Mayo-Portland 

Adaptability Inventory (MPAI-3), people with ABIs rated their functional outcome 

as being one to two standard deviations better (that is, lower MPAI-3 T-scores) than 

informants, reporting mild limitations following their injury compared to moderate to 

severe limitations reported by their family members and treating healthcare teams 

(Malec, 2004a). On the MPAI-4, self-ratings were shown to be less reliable than 

informant-ratings (Malec, 2004b). Furthermore, with regard to participation 

specifically, people with more severe injuries tended to under-report their 

difficulties, in comparison to informants, whereas people with milder injuries tended 

to report greater difficulties than informants (Malec, 2004b). Thus, it is possible that 

the current sample did not appraise accurately their own abilities and participation, 

leading to an invalid measure of functional outcome. Such a possibility may also 

help explain the failure to identify a significant association between objectively 

measured cold executive functioning abilities and self-reported functional outcome 

as this relationship has previously been shown (e.g., Allanson et al., 2017; Spitz et 

al., 2012). 

Related to this, the IGT and hot executive functioning has also been linked to 

impairments in self-awareness and insight which may be compounding the problem. 
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Traditionally, the IGT has been extensively studied in populations with vmPFC 

injuries (Bechara et al., 1994), and vmPFC injuries and activations of the vmPFC 

have also been associated with a lack of self-awareness and insight (Bar-On, Tranel, 

Denburg, & Bechara, 2003; Barrash et al., 2000). Despite this, to date, no study has 

directly examined the relationship between the IGT and self-awareness following 

ABI. However, poorer performance on the IGT has been associated with poorer self-

awareness in other populations, such as people with mania (e.g., Adida et al., 2008) 

and pathological gambling (e.g., Brevers, Cleeremans, et al., 2013). Thus, those with 

poorer IGT performance may have demonstrated particularly poor self-awareness, 

which may explain the direction of the relationship seen between the IGT and 

functional outcome in the current study. Supporting this, while non-significant at the 

multivariate level, bivariate correlations between cold executive functioning 

variables (specifically, set shifting and working memory updating) and the MPAI-4 

were in the expected direction, indicating self-awareness may be a greater issue in 

hot rather than cold functions. 

Furthermore, there is evidence that as time since injury increases, the level of 

self-awareness of deficits also increases (Fleming & Strong, 1999; Godfrey, 

Partridge, Knight, & Bishara, 1993). That is, self-reports and informant-reports of 

symptoms following the injury converge over time as people build insight into their 

difficulties. In the current study, as time since injury increased, self-reported 

outcome was poorer. While this was initially unexpected as an improvement in 

outcome is expected over time due to spontaneous recovery and adaptation (Malec et 

al., 2003; Nudo, 2013), it is possible that insight and self-awareness improved over 

time leading to a greater (and possibly more accurate) reporting of symptoms.  
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An additional confounding factor to this is that participants with hot executive 

dysfunction with a longer time since injury may have adapted to their difficulties 

over time (Spitz et al., 2012). Routine and familiarity are a key components of 

adapting to a brain injury (Hooderdijk, Runge, & Haugboelle, 2011), and routines 

take the load off executive functions (Gilbert & Burgess, 2008). Thus, it is possible 

that those longer with time to injury function well in their everyday life due to the 

development of routines and structures, even in the context of (or necessitated by) 

high levels of executive dysfunction. 

While self-report measures are helpful in many populations as they are both 

time effective (McDonald, 2008) and do not rely on participants having 

knowledgeable informants (e.g., as in Azouvi et al., 2016), they have been heavily 

criticized for a lack of validity and being prone to bias (Chan, 2009). The results of 

the present research suggest self-report measures may be inappropriate for measuring 

functional outcome, particularly in people with hot executive functioning 

impairment. Future research is recommended to evaluate the link between hot 

executive functioning and functional outcome following ABI using informant report 

measures of functional outcome. It is noted that this is not a perfect approach, as 

informant report rating can produce a different type of bias. For example, significant 

others can emphasize concerns to elicit help or due to stress, or alternatively 

downplay difficulties out of compassion (Malec, 2004b). Using objective measures 

such as whether the participant returned to their previous work or study role, or 

functional assessments, may be a helpful way of supplementing this to assist with 

better understanding of the participant’s level of functioning. 

We note that in the present study we intended to use both self-report and 

informant-report measures of functional outcome as previous literature has 
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demonstrated a relationship between both self- and informant-report measures (e.g., 

Levine et al., 2005). However, due to the above-described issues with data collection, 

an inadequate number of informant-report measures were available at the time of 

completing this study (n = 19) and these could not be included. Of those that were 

collected, there was considerable variability in differences between self- and 

informant-report. One interesting potential confound to interpreting this limited data 

was that many of the participants with informant-ratings were currently engaged in 

residential rehabilitation at the time of participation, as evidenced by the high 

number of case manager reports. An initial goal to engaging in many rehabilitation 

programs is the building of insight (Prigatano, 1997), as a lack of insight represents a 

major barrier to effective rehabilitation (Fleming & Strong, 1995; Winkens, van 

Heugten, Visser-Meily, Boosman, 2014). Thus, there may be differences in insight 

levels across participants based on their recruitment location and their current 

treatment. Consequently, in addition to the small number of informant-reports, this 

makes it difficult to draw conclusions regarding self-awareness and insight in this 

sample based on only the small number of people with informant-reports. 

Taken together, the results of the present study need to be replicated to better 

understand potential confounds. This could include using informant-report or 

objective measures, as well as measuring self-awareness. 

5.5.2 ABI Symptoms Affecting Reporting of Functional Outcome 

While impaired self-awareness may be one potential explanation, other 

factors need to be considered when interpreting the results of this study. Certainly, 

there is more than one possible explanation for these results. This can be better 

understood when examining specific subscales of the MPAI-4.. 
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Abilities Subscale. The Abilities subscale does not tap skills directly related to 

hot executive behaviours, and focuses on more traditional cognitive skills of 

memory, and language, in addition to physical symptoms. In the current study, the 

magnitude of mean impairment in generativity, inhibition, and working memory was 

relatively small (that is, within one standard deviation of the normative mean).11 

Thus, the self-reported abilities reported by participants may be a true reflection of 

their skill level. Furthermore, in the current sample, the majority of the sample 

(64.4%) had injuries to their frontal lobes, though it is not clear how many people 

had vmPFC injuries. In people with vmPFC injuries, a hot executive functioning 

impairment (e.g., a deficit in the IGT) is expected, with a relative sparing of cold 

executive skills and other cognitive dimensions (Schneider & Koenigs, 2017). 

Consistent with prior research (e.g., Toplak et al., 2010), a relative dissociation was 

seen in the current study between hot and cold executive skills, with only 

generativity demonstrating a significant relationship with the IGT. It is possible that, 

by chance, the current study included a relatively large number of participants with 

vmPFC injuries. If so, it would be expected that traditional cognitive abilities are 

relatively spared, with significant hot executive dysfunction. This could also explain 

the results that those with lower IGT scores reported better abilities, as those with 

 

 
11 It is noted that, compared to the control group utilised in Chapter 4, the ABI 

participants demonstrated a significant difference in means on all tasks of cold 

executive functions, p < .001.  
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lower IGT scores may have a greater degree of vmPFC dysfunction (Bechara et al., 

1994; Cardoso et al., 2014).  

Furthermore, the inclusion of people with mild ABIs in the sample may have 

further impacted results. Milder injuries are associated with less severe levels of 

cognitive dysfunction (e.g., Dikmen, Machamer, Winn, & Temkin, 1995) while the 

total score on the IGT is relatively insensitive to injury severity (e.g., Levine et al., 

2005). Thus, it is possible a person with a mild injury could report a less severe 

impact on functional outcome (e.g., Malec, 2004) yet have significant hot executive 

functioning impairment. However, this is less likely as severity of injury was not 

significantly related to any of the cognitive or outcome variables, and only a small 

proportion of the sample had a mild injury (7.1%). 

Adjustment Subscale. The Adjustment subscale, which looks at self-reported 

emotional symptoms such as depression, may be influenced by symptoms of 

alexithymia. Alexithymia refers to a reduction in inability in being able to 

consciously experience, identify, and describe emotions (Larsen, Brand, Bermond, & 

Hijman, 2003). As alexithymia was not measured in this study, it is not possible to 

examine the exact impact of alexithymia on self-reported outcome. However, it is 

speculated that this could be an important factor in this relationship as high rates of 

alexithymia have been identified in people with ABI across multiple studies 

(Becerra, Amos, & Jongenelis, 2002; Henry, Phillips, Crawford, Theodorou, & 

Summers, 2006), with up to 60% of people with ABI exhibiting alexithymia 

(Williams & Wood, 2010). Thus, self-reported mood symptoms following ABI may 
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be influenced by alexithymia, due to difficulties identifying and experiencing 

emotion, leading to an under-reporting of adjustment problems.  

Alexithymia has also been linked to emotional regulation (Parker, Taylor, & 

Bagby, 2003), which is thought to be a hot executive functioning process (Chan et 

al., 2008), with emotional regulation linked to IGT performance (Heilman, Crisan, 

Houser, Miclea, & Miu, 2010). Alexithymia has further been associated with areas of 

the brain involved in emotional processing such as the anterior cingulate and the 

vmPFC (Larsen et al., 2003), and these cerebral areas have been implicated in hot 

executive tasks (Akitsuki et al., 2003; Bechara, Damasio, & Damasio, 2000; Fukui, 

Murai, Fukuyama, Hayashi, & Hanakawa, 2005). In people with hot executive 

impairment, a blunting of emotional expression has been described (Barrash et al., 

2000). Additionally, difficulties learning the IGT has been demonstrated in people 

with alexithymia (Kano, Ito, & Fukudo, 2011). Taken together, the inverse 

relationship between the MPAI-4 Adjustment subscale and the IGT, whereby 

disadvantageous IGT performance was associated with better adjustment, may be 

related to higher levels of alexithymia associated with hot executive functioning 

impairment. That is, those with higher degrees of hot executive functioning 

impairment might have greater difficulties tapping into and describing their 

emotions, influencing their reporting of emotional symptoms following the injury. 

Participation Subscale. The Participation Subscale may not be detecting the 

specific problems experienced following ABI. That is, only two questions ask about 

productive abilities (that is, work role and responsibilities of the residence), which 

are often considered markers of good recovery from an ABI (Cifu et al., 1997; 

Shames, Treger, Ring, & Giaquinto, 2007). Furthermore, the questions do not tap 

changes such as whether work or social roles have changed, which is thought to have 
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a significant impact on a person’s life both socially and emotionally (Hallett, Zasler, 

Maurer, & Cash, 1994) as well as financially (Shigaki, Johnstone, & Schopp, 2009). 

Finally, only one question taps social relationships, and this asks about frequency 

rather than quality of social contact. Changes to social functioning and social 

decision making are among the most commonly reported problems in people with 

hot executive functioning impairment (Barrash et al., 2011, 2000), and the extent of 

these changes may not be fully captured.. Thus, the MPAI-4 Participation subscale 

may not be sensitive to the types of problems people with hot executive functioning 

impairment are thought to experience.  

Related to this, the MPAI-4 has recently been criticized for not adequately 

measuring changes in social functioning following ABI. Recently, research has 

begun to delineate between social role performance (termed participation) and 

individual task performance (termed activity; Eyssen, Steultjens, Dekker, & Terwee, 

2011). That is, participation following ABI is thought to require a social context 

whereas activities do not. The MPAI-4 Participation subscale only measured between 

56% and 65% of the criteria thought to be essential in measuring participation 

(Eyssen et al., 2011; Lexell, Malec, & Jacobsson, 2012), depending on the definition 

of participation. Thus, there are areas of participation that are not addressed by the 

MPAI-4 Participation subscale, that may be more related to skills impacted by hot 

executive dysfunction, such as maintaining romantic relationships and making 

financially sustainable decisions (e.g., as described in Eslinger & Damasio, 1985). 

Given these complexities, further research is needed to examine the role of 

injury location (e.g., vmPFC compared to dorsolateral prefrontal cortex injuries) and 

alexithymia in the relationship between hot executive and functional outcome. More 

specific questioning regarding hot executive symptoms in everyday life may be 
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helpful to better understand whether the IGT predicts real-world dysfunction. For 

example, questions regarding social cognition changes, risky behaviour, or 

impulsivity may be useful for better understanding the role of hot executive 

functioning on everyday life.  

5.5.3 Limitations and Future Research  

As described in detail above, one of the main limitations of the current study 

was the use of self-report measures for functional outcome. This may have biased the 

results due to problems with self-awareness and insight reported following TBI 

(Hoofien et al., 2004; Prigatano & Schacter, 1991). Thus, future research is required 

to evaluate this relationship using either informant-report measures of functional 

outcome, or by supplementing assessment by using indices less prone to bias (e.g., 

returning to previous level of functioning). As self-awareness and insight were not 

measured, including a measure of this may also help to better understand these 

results. 

Furthermore, several possible covariates including location of injury and level 

of alexithymia were identified as potential confounds in the current study. It is 

recommended future research takes these into account to better understand the roles 

of these factors in the relationship between hot executive functioning and functional 

outcome following ABI. 

An additional confounding factor to these results is the variability in time 

since injury. This could confound the results as it is possible that participants with 

hot executive dysfunction with a longer time since injury may have adapted to their 

difficulties over time (Spitz et al., 2012). Routine and familiarity are key components 

of adapting to a brain injury (Hooderdijk, Runge, & Haugboelle, 2011), and routines 

take the load off executive functions (Gilbert & Burgess, 2008). Thus, it is possible 
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that individuals who are further in time since injury function well in their everyday 

life due to the development of routines and structures, even in the context of (or 

necessitated by) high levels of executive dysfunction. Examining time since injury 

further, including whether time since injury is a potential moderator of the 

relationship between hot executive functioning and functional outcome is 

recommended. 

A further limitation of the current study is the measurement of working 

memory updating, as the two measures used to approximate working memory 

updating were not entirely equivalent. This may have introduced a level of 

measurement error into the data which could have impacted the relationships 

demonstrated between working memory updating and functional outcome. 

Furthermore, the MPAI-4 Total score was unavailable for many of the 

participants due to data entry processes at the time, and a composite total score had 

to be calculated. It could be argued that this reduced the generalizability of results to 

the clinical setting. However, the use of a composite score is unlikely to have 

impacted this in any meaningful way, as there was a strong relationship demonstrated 

between the composite score and the participants who had a MPAI-4 Total score 

available (n = 35; r = .98, p < .001).  

Finally, it is noted only one measure of hot executive functioning was utilized 

in this study – the IGT. However, based on descriptions of hot executive functioning 

as requiring emotional and motivational processing and being required in social 

situations and to regulate emotions (Brevers, Bechara, Cleeremans, & Noël, 2013; 

Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009; Chan et al., 2008), it is likely 

hot executive functioning has multiple dimensions, much like cold executive 

functioning. This is yet to be systematically explored. Dimensions other than risky 
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decision making, such as emotional regulation or social cognition, may demonstrate 

greater utility in predicting functional outcome following ABI, and the measurement 

of these skills in addition to the IGT should be considered in future research. 

To conclude, the present study aimed to explore the unique utility of hot 

executive functioning in predicting functional outcome following ABI in adults. It 

explored this in the context of cold executive functions and demographic factors. The 

present study did not find the expected relationship between the IGT and functional 

outcome, with poorer IGT performance being related to greater functional outcome. 

This may be due to a lack of self-awareness or influenced by alexithymia and a 

relative sparing of other cognitive abilities as seen in vmPFC injury. Therefore, this 

study demonstrated there are many complexities in the measurement of functional 

outcome when considering hot executive functioning, and suggestions for future 

research to tackle these complexities were considered. 
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6.1 Introduction 

The present thesis contributes to the literature on the nature of executive 

functioning impairments following acquired brain injury (ABI) and the utility of 

executive functioning in predicting functional outcome following ABI. This thesis 

extends on research using existing conceptualized models of executive functioning 

(e.g., Adrover-Roig, Sesé, Barceló, & Palmer, 2012; Fisk & Sharp, 2004; Miyake & 

Friedman, 2012; Miyake et al., 2000) by including measures of cold as well as hot 

executive functioning as a unique predictor of functional outcome (as described by 

Brevers, Bechara, Cleeremans, & Noël, 2013; Brock, Rimm-Kaufman, Nathanson, & 

Grimm, 2009; Chan, Shum, Toulopoulou, & Chen, 2008). The paradigm of hot 

executive functioning was previously studied extensively in paediatric literature 

(e.g., Skogli, Egeland, Andersen, Hovik, & Øie, 2014), though this conceptualization 

is only recently gaining attention in adult literature, and this is one of the first studies 

applying the hot and cold executive functioning paradigm to adult ABI. 

6.2 Research Questions 

This thesis aimed to explore executive functions following ABI, and the 

specific contribution of hot executive functioning to outcome. This thesis provides 

insight into four questions: (1) How well do traditional measures of executive 

functioning predict functional outcome following ABI; (2) Is the Iowa Gambling 

Task (IGT), as a measure of hot executive functioning, sensitive to the effects of 

ABI; (3) Is there a typical pattern of performance on the IGT following ABI?; and 

(4) Does performance on the IGT predict functional outcome following ABI over 

and above traditional measures of cold executive function? The studies in this thesis 

were designed to be widely applicable to clinical practice by utilising commonly 

used clinical measures of neuropsychological functioning rather than lab-based or 
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experimental measures. The studies in this thesis focused on the IGT as a measure of 

hot executive functioning, which is a risky decision making task that requires 

individuals to forego large immediate rewards (associated with large punishments) 

and favour low reward/low punishment decks. By using a sample of people with 

brain injuries of mixed aetiologies, it allowed for results to be more generalizable to 

real-world practice.  

6.2.1 How Well Do Traditional Measures of Executive Functioning Predict 

Functional Outcome Following ABI?  

Study 1 (Chapter 2) reported the meta-analytic study investigating 

neuropsychological predictors of functional outcome following traumatic brain 

injury (TBI), with a particular focus on the measurement of executive functions. As 

meta-analyses are limited to the methodologies of past literature, only cold executive 

functions could be examined. The study provided support for the idea that 

neuropsychological functions are important in recovery following TBI, 

demonstrating that cold executive functions, verbal memory, and visuo-spatial 

construction were all significantly predictive of functional outcome. However, hot 

executive functioning is not commonly utilised in the functional outcome literature 

and could not be studied as a result. The need for further investigation into executive 

functioning and expanding the measurement of executive functioning to look at more 

novel dimensions (e.g., hot executive functions) was highlighted.  

6.2.2 Is the IGT Sensitive to the Effects of ABI?  

The second study (Chapter 4) aimed to determine the sensitivity and 

specificity of tests of cold executive functioning, and whether a measure of hot 

executive functioning (the IGT) provided further unique predictive utility. Tests of 

cold executive functioning (that is, tests of set shifting, working memory updating, 
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inhibition, and generativity) demonstrated unique predictive utility in differentiating 

people with ABIs from controls. Hot executive functioning added further predictive 

utility, and cold executive functions were no longer unique predictors of participant 

type once the IGT was included in the model. Importantly, establishing the 

sensitivity and specificity of neuropsychological tests to ABI allows for clinicians to 

select the tests that are likely to detect impairment following ABI (e.g., Anderson, 

Jaroh, Smith, Strong, & Donders, 2017; Armstrong, Allen, Donohue, & Mayfield, 

2008), which helps to better recognise an underlying hidden disability in clinical and 

medicolegal settings, and avoid falsely accusing an individual of malingering due to 

inadequate test sensitivity (e.g., Gouvier, Hayes, & Smiroldo, 1998). 

6.2.3 Is There a Typical Pattern of Performance on the IGT Following ABI?  

The second study (Chapter 4) also aimed to characterize the performance of 

people with ABI on the IGT, and to clarify the level of impairment on the IGT seen 

in people with ABI compared to healthy individuals. When examining the pattern of 

performance on the IGT, the initial test performance of people with ABI was similar 

to healthy individuals. However, their performance did not improve to the level of 

healthy individuals over the course of the task (as evidenced by significantly lower 

mean raw scores). In comparison to demographically similar peers (that is, published 

normative data), the mean performance of people with ABI was significantly 

impaired (two standard deviations below the normative mean) and significantly 

below that of healthy participants (whose mean performance fell within half a 

standard deviation of the normative mean). This indicates that the average level of 

performance in a group of individuals with ABI was severely impaired on hot 

executive processes. To our knowledge this level of impairment using published 

normative data had not been examined in the previous literature. 
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6.2.4 Does Performance on the IGT Predict Functional Outcome Following ABI 

Over and Above Measures of Cold Executive Function?  

Study 3 (Chapter 5) investigated the potential impact of this high level of IGT 

impairment on self-reported functional outcome following ABI. The IGT was found 

to be a significant predictor of global functional outcome, abilities, and adjustment 

following ABI but not participation. Cold executive functions were not significant 

predictors. However, the direction of the relationship between hot executive 

functioning and outcome was contrary to expectations, with poorer IGT performance 

predicting better self-reported functional outcome. We interpreted this finding as 

highlighting the complexity of functional outcome measurement in the context of hot 

executive functioning impairment. It is possible that poor self-awareness and insight, 

which has been linked with both ABI and hot executive functioning impairment, may 

have influenced the results. That is, individuals with greater hot executive 

dysfunction may be under-reporting the level of impairment they experience due to a 

lack of awareness or insight into their functioning. Furthermore, the results highlight 

the importance of other confounding factors, such as the relative dissociation 

between hot executive functioning and other cognitive abilities, high levels of 

alexithymia seen both in people with ABI and individuals with hot executive 

functioning impairment, and the focus of the outcome measure on non-social 

participation activities. We argued for a need for informant-report and more 

objective measures (e.g., whether a person returned to their work) of functional 

outcome, and that the measurement of symptoms such as impaired self-awareness 

and alexithymia could shed light on these relationships.  

Taken together, three primary conclusions can be drawn from this thesis. 

First, our studies confirmed a relationship between measures of cold executive 

functioning and informant-reported outcome following ABI. However, the 
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relationship between hot executive functioning and functional outcome remains 

unclear, and this thesis highlights the complexities of investigating functional 

outcome in the context of hot executive impairment. It further provides a foundation 

upon which to guide future studies, which is elaborated upon below. Secondly, this 

thesis demonstrated the IGT as a sensitive measure in evaluating the effects of ABI. 

Third, our studies demonstrated most individuals with ABI in our sample 

demonstrated a high level of impairment on the IGT. That is, it is common to have 

impairment on the IGT following ABI, which supports the IGT’s use in clinical 

evaluations of neuropsychological dysfunction in individuals with ABI. 

6.3 Cold Executive Functioning and Functional Outcome 

Building on the literature suggesting a relationship between cold executive 

functioning and functional outcome (e.g., Pohjasvaara et al., 2002; Sigurdardottir, 

Andelic, Roe, & Schanke, 2009), we demonstrated that cold executive functions 

were predictive of functional outcome following traumatic brain injury (TBI) using a 

meta-analysis. Specifically, set shifting and generativity were significant unique 

predictors. This is consistent with previous literature suggesting the importance of 

executive functioning following TBI (e.g., Spitz, Ponsford, Rudzki, & Maller, 2012) 

due to either the direct impact of executive functioning behaviours on everyday life, 

or the top-down influence of executive skills on other cognitive functions such as 

memory or attention (Rabinowitz & Levin, 2014).  

By contrast, in Study 3 (Chapter 5), cold executive functions were not 

significant predictors of self-reported functional outcome following ABI. There are 

two possible explanations for this disparate finding. First, it is possible that the 

reporting of functional outcome in that study was influenced by limited insight and 

self-awareness which is common following ABI, leading to an inaccurate reporting 
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of abilities and participation (Godfrey, Partridge, Knight, & Bishara, 1993). This will 

be discussed in further detail below. Secondly, the meta-analysis looked only at 

people with TBI, and the inclusion of those with ABI of other aetiologies such as 

stroke, encephalitis, or hypoxia may have affected the results. Previous literature 

investigating the neuropsychological profiles of people with non-traumatic ABIs has 

demonstrated mixed results, with some studies finding a relationship between 

executive functioning and functional outcome (e.g., Andrade, Brucki, Bueno, & 

Siqueira Neto, 2012) and others demonstrating no robust relationship (e.g., 

Cumming, Brodtmann, Darby, & Bernhardt, 2014). A recent meta-analysis 

concluded executive functioning was related to some aspects of functional outcome 

following ABI (e.g., quality of life) but not others (e.g., performing activities of daily 

living; Watson, Gignac, Weinborn, Green, & Pestell, under invited resubmission). 

Ultimately, by examining the literature on the relationship between executive 

functioning dimensions and functional outcome, it became clear that many other 

functions were not being included in the literature. One of the promising functions 

that had received little attention when evaluating functional outcome following ABI 

was hot executive functioning, which was the focus of this thesis. 

6.4 Hot Executive Functioning 

Hot executive functioning refers to higher order cognitive skills used in 

motivational or emotional tasks, such as understanding risk, emotional regulation, 

delayed gratification, or socially acceptable behaviour (Brevers, Bechara, et al., 

2013; Brock et al., 2009; Chan et al., 2008). This thesis demonstrated that a measure 

of hot executive functioning – the IGT (Bechara, 2007a) – was uniquely predictive of 

whether an individual had sustained an ABI compared to healthy individuals, over 

and above measures of cold executive functioning. That is, the inclusion of the IGT 



 

 

Chapter 6: General Discussion 267 

showed greater sensitivity and specificity to the effects of ABI than only examining 

measures of cold executive functioning. This had not previously been demonstrated 

in people with ABI despite being often described as a sensitive measure of risky 

decision making (Dunn, Dalgleish, & Lawrence, 2006). However, it was consistent 

with previous literature suggesting sensitivity of informant-reported hot executive 

behaviours following ABI (Azouvi et al., 2016), and the sensitivity of the IGT in 

differentiating people with gambling problems from controls (Ciccarelli, Griffiths, 

Nigro, & Cosenza, 2017; Nigro & Cosenza, 2016).  

The evaluation of the sensitivity of neuropsychological tests in ABI is 

particularly important in clinical practice, as using sensitive tests allows for the 

detection of an underlying hidden disability that may not be captured using other 

assessment tools (e.g., as in Eslinger & Damasio, 1985; Rosenbloom, Schmahmann, 

& Price, 2012). This can help reduce the risk of mislabelling a person as malingering 

their symptoms, which can have a profound impact on the individual. Specifically, 

this can have an adverse impact on compensation claims (e.g., Bordini, Chaknis, 

Ekman-Turner, & Perna, 2002), which could result in the loss of millions of dollars 

in medicolegal claims (e.g., Guerriero, Smith, Stergiou-Kita, & Colantonio, 2016) 

and result in financial hardship due to the cost of treatments and loss of productivity 

(Access Economics Pty Limited, 2009). Furthermore, falsely being classified as 

malingering can contribute to emotional symptoms following the injury due to either 

a lack of financial access to treatment or feeling invalidated (e.g., Bordini et al., 

2002). It can also prevent the individual and their family from understanding their 

injury and the symptoms following the injury, which is a barrier to effective 

rehabilitation (Prigatano, 1999).  
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This thesis also demonstrated a high level of hot executive functioning 

impairment that is common following ABI, as measured by the IGT. Previous 

literature in this area has been mixed, with different cut-off criterion scores used to 

define impairment on the IGT. This thesis utilised T-scores based on published 

normative data (Bechara, 2007b) in addition to the raw scores commonly used in the 

broader literature (e.g., Cotrena et al., 2014; Sigurdardottir, Jerstad, Andelic, Roe, & 

Schanke, 2010). This approach is important when translating research into clinical 

practice, where the use of standardised ways of defining impairment is crucial, thus 

increasing the clinical utility of this thesis’ results. 

6.4.1 Mechanisms of Decision Making Impairment  

Previous research, including accounts of the IGT using the somatic marker 

hypothesis (SMH) and the development of the IGT as being specific to lesions of the 

ventromedial prefrontal cortex (vmPFC) and its connections, have typically argued 

for the need for lesions to these areas to result in IGT impairment (e.g., Bechara, 

Damasio, Damasio, & Anderson, 1994). However, more recent literature, as 

presented in prior sections of this thesis, have demonstrated that vmPFC lesions are 

not required, and indeed lesions to other neural locations can be associated with IGT 

impairment (e.g., Cardoso et al., 2014; Gupta, Koscik, Bechara, & Tranel, 2011; 

Ouerchefani, Ouerchefani, Allain, Ben Rejeb, & Le Gall, 2017). The results of this 

thesis are consistent with these conclusions, as a gross level of impairment was 

demonstrated in a fairly diverse sample. That is, the present thesis underscores that 

there appears to be a significant impairment in hot executive functioning in a 

majority of an ABI sample that do not necessarily have vmPFC involvement, with 

over half of participants demonstrating performance more than two standard 

deviations below the normative mean. While it is noted that approximately two thirds 
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of the sample had frontal lobe injuries, detailed imaging describing the exact location 

of the frontal injury (e.g., whether dorsolateral, ventromedial, etc.) was not available. 

This high rate of TBI in this sample, which can lead to disconnection syndromes, 

may also be relevant here (e.g., Guye, Bettus, Bartolomei, & Cozzone, 2010). Future 

research examining the exact location of the injuries in a large sample (i.e., unlike 

many of the smaller studies examining lesion location, e.g., Bar-On, Tranel, 

Denburg, & Bechara, 2003; Bechara et al., 1994) would be useful for further 

exploring the role of lesion location further, so that the sensitivity and specificity of 

the IGT to ABI to frontal and non-frontal areas could be established. It is noted that 

preliminary research in this area has indicated non-frontal lesions can also produce 

an impairment on the IGT (e.g., Cardoso et al., 2014; Levine et al., 2005), however 

the sample sizes in each group have been very limited and these studies are likely 

underpowered. 

It is possible that different lesion locations may impair performance on the 

IGT for different reasons. That is, there could be multiple pathways to impaired 

decision making, depending on the lesion location, in addition to other factors such 

as the type of task used and the processes used to make the decision (i.e., whether hot 

or cold). Multiple explanations have been put forth regarding neuropsychological 

processes underlying decision making impairments, including changes in somatic 

markers (Damasio, 1996), working memory impairments (e.g., Hinson, Jameson, & 

Whitney, 2002), memory impairments (Gupta et al., 2009), problems with reversal 

learning (Maia & McClelland, 2004), and delay/temporal discounting (i.e., the 

tendency to choose an immediate smaller reward rather than a larger reward in the 

future; Wood & McHugh, 2013). This was supported by Ouerchefani et al. (2017) 

who demonstrated that participants with vmPFC lesions, dorsolateral prefrontal 
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cortex (dlPFC) lesions, and large frontal lesions were all similarly impaired on the 

IGT. They interpreted this as different lesion locations possibly producing 

impairments for varying reasons – that is, vmPFC lesions may produce problems 

with reward-learning, whereas dlPFC lesions may produce a deficit due to other 

(cold) executive skills. This view was also supported by Bechara et al. (2005) who 

conceded that decision making impairments can arise from lesions to areas other than 

the vmPFC, due to the impact of skills such as working memory. Thus, the IGT was 

considered to be a multi-trait test, with the mechanism for impairment varying based 

on lesion location (Ouerchefani, Ouerchefani, Allain, Ben Rejeb, & Le Gall, 2018). 

The implication of this is that impairment on the IGT may not necessarily be 

produced by hot executive dysfunction, and impairment to other systems such as 

memory or cold executive systems may produce a deficit on the IGT. Consequently, 

multiple measures of hot executive function may be needed, which is discussed 

further below.  

The interpretation of multiple pathways to decision making impairment is 

also consistent with the view that there is an interaction between hot and cold 

executive processes (Brevers, Bechara, et al., 2013; Wood & Worthington, 2017). 

That is, it is thought successful cold executive functioning requires an individual to 

be able to regulate their emotions, inhibit impulses, and delay gratification, all of 

which are hot executive functions. Furthermore, successful hot executive functioning 

requires an individual to engage in logical processes to determine what the reward or 

risk is and update goals, before engaging in the most appropriate behaviour (Garon, 

2016). Consequently, many executive tasks could be considered multi-trait as an 

impairment could be produced by either hot or cold executive functioning, and 

impairment on one task should never be interpreted in isolation of an individual’s 
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broader neuropsychological profile and functional deficits. As such, it could be 

speculated that people with injuries to areas impacting cold executive functions (e.g., 

dlPFC lesions) might demonstrate some degree of hot executive functioning 

impairment, and those individuals with greater hot executive functioning impairment 

(such as those with vmPFC or amygdala injuries) could still have difficulties utilising 

cold executive functions. This could also help explain some of the inconsistencies in 

the literature as to the impact of lesion location on hot and cold systems (e.g., 

Bechara, Damasio, & Damasio, 2000; Manes et al., 2002).  

This further raises an interesting question about patterns of executive 

dysfunction. In theory, a person may have global executive dysfunction where both 

hot and cold executive systems are affected. This has been shown in non-ABI 

populations with executive impairments such as people with autism spectrum 

disorder (e.g., De Brito, Viding, Kumari, Blackwood, & Hodgins, 2013; 

Zimmerman, Ownsworth, O’Donovan, Roberts, & Gullo, 2016) or attention deficit 

hyperactivity disorder (ADHD; e.g., Barkley, 2010; Barkley, Edwards, Laneri, 

Fletcher, & Metevia, 2001). Furthermore, a person may have no executive 

dysfunction, where neither hot nor cold executive systems are impaired. 

Alternatively, it is interesting to consider whether an individual could demonstrate a 

domain-specific pattern of executive dysfunction. That is, could an individual 

experience significant hot executive impairment in the absence of cold executive 

impairment (hot domain-specific), or significant cold executive impairment in the 

absence of hot executive impairment (cold domain-specific)? There is limited 

literature suggesting the presence of hot domain-specific impairment, the most 

famous of which being the case of Phineas Gage (Harlow, 1848) who survived an 

explosion resulting in a tamping iron penetrating his skull, which was thought to 
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damage his vmPFC (Bechara, 2016; Damasio, 1994). Interestingly, he was reported 

to have remained conscious (Harlow, 1848). Following this, he demonstrated normal 

cognitive abilities on available tests, however demonstrated a marked personality 

change and was described as being untrustworthy, irresponsible and impatient, 

making a number of decisions that were unlike what he had previously chosen 

(Bechara, 2016). Thus, it could be argued that Phineas Gage exhibited domain-

specific hot executive functioning impairment. This was also seen in the case study 

of EVR whose cold executive functioning systems were at least average yet he 

exhibited significant hot executive dysfunction (Eslinger & Damasio, 1985). There 

are further studies supporting a domain-specific model, with a relative dissociation 

between hot and cold executive skills (Toplak, Sorge, Benoit, West, & Stanovich, 

2010). However, the relationships between hot and cold executive function are rarely 

reported (Sigurdardottir et al., 2010), in part due to the historical lack of 

measurement of hot executive function, making it difficult to characterize the hot and 

cold executive systems. Furthermore, there may be developmental changes in hot and 

cold executive functioning (e.g., Brydges, Reid, Fox, & Anderson, 2012; Poon, 

2017) and it would be important to examine this in the context of children, 

adolescents, and adults. The lack of hot executive functioning measurement makes it 

difficult to establish the presence of a cold domain-specific impairment, as cold 

executive functioning has not traditionally been evaluated alongside hot executive 

functioning. Furthermore, as described above, an interaction between the two 

systems has been identified (Brevers, Bechara, et al., 2013) and future research is 

needed to determine whether hot and cold systems are indeed separate, and whether a 

cold domain-specific impairment could be observed.  
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6.4.2 Hot Executive Functioning and Functional Outcome 

While a high level of hot executive functioning impairment was demonstrated 

in people with ABI, this thesis did not find the expected relationship between hot 

executive functioning and functional outcome. Instead, it demonstrated poorer 

performance on the IGT (as a measure of hot executive functioning) was associated 

with better self-reported functional outcome and highlighted several methodological 

considerations that need to be considered. While it is possible that this relationship is 

a true representation of a real-world relationship – that is, that the poorer decision 

making is associated with a greater capacity to return to everyday life - this appeared 

counterintuitive and was not supported by documented case reports whereby people 

demonstrate significant everyday life difficulties following injuries affecting their hot 

executive functioning and IGT performance in the absence of other cognitive 

dysfunction (Eslinger & Damasio, 1985). Furthermore, it is also possible that the 

IGT is not an ecologically valid measure of hot executive functioning. However, this 

also seems unlikely when considering the broader literature which suggests the IGT 

is tapping a unique skill (e.g., Bechara et al., 1994) and that the IGT is related to 

other real-world behaviours such as executive behaviours following TBI (Levine et 

al., 2005), or relapse following treatment for substance addiction (Chen, Chen, & 

Wang, 2015; Passetti, Clark, Mehta, Joyce, & King, 2008; Schmitz et al., 2009). As 

such, other explanations for these results were explored to shed light on 

methodological issues that may be pertinent to this area of research.  

As described in detail in the third study (Chapter 5), a likely methodological 

explanation is the impact of insight and self-awareness, given the self-report nature 

of the functional outcome measure used. There is a considerable body of literature 

suggesting that self-awareness is impacted following ABI in a large percentage of 
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cases (Bach & David, 2006; Godfrey et al., 1993; Hoofien, Gilboa, Vakil, & Barak, 

2004; Prigatano & Schacter, 1991), and that self-awareness is linked with hot 

executive dysfunction (Adida et al., 2008; Bar-On et al., 2003; Barrash, Tranel, & 

Anderson, 2000). This points to methodological limitations that need to be 

considered in hot executive functioning impairment. That is, this thesis used 

methodologies commonly utilized in the cold executive functioning literature (e.g., 

Kashluba, Hanks, Casey, & Millis, 2008; Reid-Arndt, Nehl, & Hinkebein, 2007; 

Struchen et al., 2008), and it became clear that a self-report approach may not be 

appropriate when examining hot executive functioning impairment.12 As hot 

executive functioning is rarely incorporated in cold executive functioning literature, 

it is not clear whether previous studies included people with a high level of hot 

executive impairment as in this study.  

Taken together, this thesis demonstrated a high level of hot executive 

functioning impairment in people with ABI, and that this level of impairment is 

sensitive to the effects of ABI. However, there are methodological issues to consider 

before examining how hot executive functioning impacts everyday life. 

 

 
12 It is noted that we intended to use both self-report and informant-report measures 

of functional outcome as previous literature has demonstrated a relationship between 

both types of measures and functional outcome (e.g., Levine et al., 2005). However, 

due to issues with data collection, an inadequate number of informant-report 

measures were available.  
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6.5 Limitations and Future Research 

The meta-analysis provided support for the contribution of cold executive 

functions to functional outcome following brain injury, and further demonstrated that 

hot executive functioning is not commonly measured following ABI nor is its 

contribution in predicting outcomes known. The present research began this process 

by examining an exemplar measure of hot executive functioning that is indeed 

sensitive to ABI and tends to be significantly impaired on average. This thesis found 

initial evidence that the IGT shows promise in its relationship with outcome, 

however this relationship is complicated as it is in the wrong direction. However, it is 

noted that the utility of this thesis’ findings is limited by the difficulties in collecting 

data, and the two phase data collection that occurred. The sample sizes, though 

consistent with prior research in this area, precluded the ability to explore subgroups 

such as how hot executive functioning differs based on location and aetiology of 

injury. Furthermore, variations in data collection practices made it difficult to explore 

other clinical factors such as injury severity and some of the cold executive functions 

in greater detail (e.g., working memory updating). The present thesis has taken these 

first steps towards better understanding hot executive functioning impairment and its 

relationship with functional outcome following ABI; however, a number of 

important theoretical and methodological issues remain that need to be addressed in 

future research.  

6.5.1 Theoretical Models of Hot Executive Functioning 

Theoretical issues and identification of components of cold executive 

functioning have been attempted and widely adopted by the broader literature (e.g., 

Miyake et al., 2000), yet presently there does not appear to be a consensus on what 

hot executive functioning actually entails nor how it interacts with cold executive 
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functioning. Hot executive functioning is described as one skill, yet multiple 

dimensions are included in that description including understanding risk and reward 

and delaying reward, regulating emotions, monitoring oneself for socially acceptable 

behaviour, or inhibiting impulsive reactions in social situations (Brevers, Bechara, et 

al., 2013; Brock et al., 2009; Chan et al., 2008). It is likely that, like cold executive 

functioning, hot executive functioning contains multiple different but related 

dimensions. However, no attempts have been made to quantify this. There is limited 

evidence in the ADHD literature supporting this assertion, with studies 

distinguishing between emotional impulsivity (e.g., impatience, hot-temperedness, 

low frustration tolerance, irritability) and emotional self-regulation (such as affective 

lability, emotional reactivity; Retz, Stieglitz, Corbisiero, Retz-Junginger, & Rösler, 

2012). It is important to explore this in the future to build on our understanding of 

hot executive functioning and develop models to further describe and define what it 

encompasses. 

Furthermore, it is important to examine the structure of hot executive 

function in the context of cold executive functioning. There is research 

demonstrating both the separability of cold executive functions from hot (e.g., 

Toplak et al., 2010), yet there is also literature demonstrating the interplay between 

the two systems (Brevers, Bechara, et al., 2013; Nejati, Salehinejad, & Nitsche, 

2018). Further research is required to understand the separability and relationships 

between hot and cold executive functioning to serve two main purposes. Firstly, 

understanding the relationships between the two systems can inform clinical decision 

making, and help determine who might have a domain-specific impairment in 

executive functioning (if that is even possible). Secondly, understanding what 

constitutes hot and cold executive systems and how these two systems interact can 
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help guide the measurement of executive functioning in both research and clinical 

settings. At present, there is confusion in the literature as to how to measure hot 

executive function, with some studies utilising questionnaires to measure hot 

executive functioning (e.g., Ganesalingam et al., 2011), and others using 

questionnaires of hot executive symptoms as outcome measures (e.g., Levine et al., 

2005). This makes it difficult to draw conclusions between studies and increases 

confusion as to what hot executive functioning actually is. Further development of 

models of hot executive functioning may help increase understanding and 

consistency in measurement, and also help to prevent real-life impairment from 

being overlooked due to inadequate measurement of executive functioning. 

Importantly, this can have enormous ramifications for individuals with ABI and their 

family, as being falsely classified as not experiencing genuine impairment (e.g., 

malingering) can have an adverse social, emotional, and financial impact (Bianchini, 

Mathias, Greve, Houston & John, & Crouch, 2001; Bordini et al., 2002). 

6.5.2 Measuring Hot Executive Functioning 

As discussed above, better understanding of the structure and dimensions of 

hot executive functioning could further help guide its measurement. At present, there 

is a varied approach to measuring hot executive functioning within the literature as 

the concept of hot executive functioning is not well-defined. The IGT was chosen in 

the present thesis as it has a large empirical literature base, established psychometric 

properties, can be used in clinical practice, and is commonly described as an 

objective and sensitive measure of hot executive functioning (Buelow & Suhr, 2009; 

Chan et al., 2008). However, there are three main limitations to using the IGT. 

Firstly, as described above, in some individuals other skills such as memory 

and working memory may be necessary for successful IGT performance (e.g., Gupta 
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et al., 2009; Ouerchefani et al., 2017), meaning that it is not necessarily a pure 

measure of hot executive functioning. While this is a limitation of the IGT, it could 

also be a limitation of other risky decision making tasks such as the Cambridge 

Gamble Task (Rogers et al., 1999), the Game of Dice (Brand et al., 2005), and the 

Balloon Analogue Risk Task (Lejuez et al., 2002). Future research identifying “pure” 

hot executive tests may be helpful but likely impossible, as hot executive functioning 

is a complex ability that likely involves the combination and coordination of multiple 

processes. An alternative approach would be to focus on differentiating patterns of 

performance on hot executive functioning tasks to better elucidate the underlying 

deficit. 

Second, the IGT measures one dimension of hot executive functioning (that 

is, risky decision making) and may overlook other important dimensions. It is 

possible that hot executive tasks other than the IGT show greater predictive utility, or 

that using multiple measures of hot executive functioning may increase predictive 

utility. While there are few objective measures of hot executive functioning currently 

available, questionnaires such as the Behaviour Rating Inventory of Executive 

Functioning (Gioia, Isquith, Guy, & Kenworthy, 2000) or the Frontal Systems 

Behavior Scale (Grace & Malloy, 2001) are often utilised to better understand hot 

executive functioning (e.g., Ganesalingam et al., 2011). These questionnaires have 

been postulated to have greater ecological validity than traditional tests of executive 

functioning, as traditional tests are often completed in quiet, distraction-free 

environments that do not require an individual to choose between competing 

demands (e.g., Gioia & Isquith, 2004; Manchester, Priestley, & Jackson, 2004). 

Further development of objective measures of hot executive functioning, in addition 

to using both informant- and self-reported questionnaires, is recommended. 
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Specifically, the development of normative measures targeting other dimensions of 

hot executive functioning may be helpful for increasing our understanding of the 

construct and its measurement. 

Finally, given that hot executive functioning is defined as a motivational or 

emotional process (Chan et al., 2008), the IGT as a measure of hot executive 

functioning fundamentally relies on an individual to be motivated to perform 

advantageously. This is particularly important in research settings as there is not 

always an external reason that motivates an individual to perform well (e.g., wanting 

to return to work). It is possible that an individuals’ performance on the task may be 

impacted by their motivation to do well or, more simply, how much they care about 

their performance the task. This would likely vary from individual to individual and, 

indeed, studies have suggested individual differences such as personality 

characteristics can impact on IGT performance (Buelow & Suhr, 2009). Research has 

attempted to manipulate motivation on the IGT by awarding real money based on an 

individuals’ performance on the task, which has led to mixed effects on performance 

(e.g., Vadhan, Hart, Haney, van Gorp, & Foltin, 2009; Verdejo-Garcia et al., 2007). 

However, it is well-accepted that financial reward is not necessarily the motivation 

for research participation (Carrera, Brown, Brody, & Morello-Frosch, 2018), hence 

using a monetary motivator may have different effects on different individuals’ 

motivation. It may be more appropriate to control for individual differences in 

motivation on the IGT by assessing their level of motivation and engagement in the 

task. Electrophysiological markers such as heart rate variability have been associated 

with IGT performance (Drucaroff et al., 2011), suggesting that electrophysiological 

markers may be helpful for gauging how much an individual cares about their 

performance on the task. Combining this with the ratings of how much an individual 
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cared about performing well, and how motivated they felt to win money may be an 

important way of assessing the extent to which the IGT (or any hot executive task) is 

really assessing a motivational process.  

6.5.3 Measuring Functional Outcome  

The results of the present thesis also highlighted the need to establish the 

relationship between hot executive functioning and functional outcome using a more 

objective outcome measurement. Informant reports might be a viable solution, 

however there is evidence that significant others may be biased by a social 

desirability bias or high levels of caregiver burden (Fordyce & Roueche, 1986; 

Malec, 2004b; Merydith, Thompson Prout, & Blaha, 2003; Najman et al., 2001). 

Furthermore, there are not always reliable informants able to provide ratings (as in 

Azouvi et al., 2016). This may be particularly prevalent in people with high levels of 

hot executive impairment as social functioning is thought to be impacted (Barrash et 

al., 2000; Blumer & Benson, 1975; Body, 2007), and divorce and loss of friendships 

are common following ABI (e.g., Morton & Wehman, 1995; Webster, Daisley, & 

King, 2009) and breakdowns of relationships have been described in people with hot 

executive functioning impairment (Eslinger & Damasio, 1985). As such, it may be 

important to supplement any outcome measurement with objective measures such as 

whether the participant returned to their previous job (or home) role, or through 

functional assessment. Alternatively, clinician-report outcome measurements may be 

helpful in people engaged in rehabilitation, though it is noted that clinicians tend to 

rate people as having a poorer outcome than individuals with brain injuries and their 

families (Malec, 2004a). While there have been arguments that clinicians are trained 

to look for pathology and may be somewhat negative in their ratings (Malec, 2004a), 

recent research has shown that clinicians are both realistic and accurate in their 
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ratings of current and expected future functioning (Cameron, Ponsford, & Stolwyk, 

2019). As such, this is likely a suitable alternative, where available. 

6.5.4 Hot Executive Functioning and Self-Awareness 

It is clear that the relationship between hot executive functioning and self-

awareness has not been adequately explored following ABI, though there is limited 

literature in people with mania (Adida et al., 2008) and pathological gambling 

(Brevers, Cleeremans, et al., 2013) supporting a relationship. As such, the 

relationship between hot executive functioning and self-awareness may be a fruitful 

area of research to examine. This is particularly important as self-awareness is 

thought to be required for engagement in rehabilitation (Prigatano, 1999). 

Furthermore, the behavioural changes associated with hot executive functioning 

impairment such as changes in goal directed behaviour, poor frustration tolerance, 

and apathy (Barrash et al., 2000) may present a further barrier to effective 

engagement with rehabilitation (e.g., post-stroke apathy has been associated with 

poorer rehabilitation outcome; Harris, Elder, Schiff, Victor, & Goldfine, 2014).  

6.5.5 Intervention and Rehabilitation of Hot Executive Functions 

Finally, it is important to build on the hot executive functioning literature to 

assist with rehabilitation and intervention following ABI. There are suggestions that 

hot executive functioning can have a significant impact on a person’s social 

functioning following ABI (e.g., Eslinger & Damasio, 1985; Rosenbloom et al., 

2012), though this is yet to be well-characterised. Furthermore, those with hot 

executive dysfunction may be more prone to aggression or risky behaviour such as 

substance use which may place them at risk of sustaining subsequent ABIs (Olson-

Madden, Brenner, Corrigan, Emrick, & Britton, 2012; Wood & Thomas, 2013). In 

addition to this, as described above, hot and cold executive processing are thought to 
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work in tandem, with cold executive functioning requiring effective hot executive 

control (Brevers, Bechara, et al., 2013; Giancola, Godlaski, & Roth, 2012). 

Consequently, effective rehabilitation would likely need to target hot executive 

processes in two ways: reducing the impact of hot executive processes on everyday 

life, as well as reduce the impact of hot executive processes on cold executive 

processes. Furthermore, intervention for hot executive functioning may be 

particularly important as there is evidence that hot executive functioning does not 

spontaneously recover over time (Waters-Wood, Xiao, Denburg, Hernandez, & 

Bechara, 2012; Xiao et al., 2013), unlike other cognitive processes (Nudo, 2013). As 

such, further research would be needed to characterise these relationships, as well as 

develop rehabilitation techniques effective in targeting hot executive functions. 

In people with ABI, there is a growing intervention literature of meta-

cognitive strategies that have shown promise for assisting people with executive 

functioning problems following ABI (Tate et al., 2014). One of the most popular is 

Goal Management Training (GMT; Levine et al., 2000) which is a multi-session 

meta-cognitive rehabilitation strategy aimed at targeting problems with goal 

management, defined as the maintaining of intentions. GMT alone has shown 

effectiveness in improving self-reported hot executive functioning across a range of 

studies (e.g., Miotto et al., 2009; Spikman et al., 2010), though other studies 

recommend combining GMT with other rehabilitation approaches (Krasny-Pacini, 

Chevignard, & Evans, 2014.  In line with this, a recent randomised control trial 

combined GMT with external cueing and one session of emotional regulation 

training in 70 participants with ABI. The study demonstrated a reduction in self-

reported hot (and cold) executive dysfunction (as measured by the BRIEF-A; Tornås 

et al., 2016). Furthermore, a recent meta-analysis of the efficacy of GMT in 



 

 

Chapter 6: General Discussion 283 

populations with mixed neurological illnesses demonstrated a  small effect on self-

reported executive functioning and a medium effect on informant-reported executive 

functioning (Stamenova & Levine, 2019). It is noted that most of the self- and 

informant-report outcome measures utilised are often considered to tap hot executive 

functioning (e.g., BRIEF, DEX). Taken together, there is promising evidence for 

GMT in the rehabilitation of hot executive functioning problems. 

Other strategies have also been used successfully in the rehabilitation of hot 

executive functioning following ABI. For example, the use of feedback has been 

recommended in improving skills such as self-regulation and error monitoring (Tate 

et al., 2014). This was demonstrated by Schmidt et al. (2015) who conducted a 

randomised controlled trial of different forms of feedback (verbal, experiential, and 

video and verbal feedback) to improve self-awareness and self-regulation of errors. 

They demonstrated that, when combining video and verbal feedback, participants 

were able to better monitor their own behaviour for errors in real-world tasks (e.g., 

cooking). Therapies such as social skills training have also been employed to assist 

with inappropriate social interaction, however this has been limited by a difficulty 

with generalising skills across situations (Ylvisaker, Turkstra, & Coelho, 2005). 

Emotional regulation has also been targeted using cognitive behaviour 

therapy for anger management which resulted in reduced expression of anger, but no 

change in self-awareness of emotional control problems (Medd & Tate, 2000). More 

recently, Neumann and colleagues (2017) used a web-based emotional regulation 

training program (EmReg) to improve the emotional regulation of 91 individuals 

with TBI. Using 24 one-hour consults, participants were taught to reflect on past, 

present, and possible future incidences of emotional and behavioural dysregulation. 

At the conclusion of this intervention, participants demonstrated an improvement in 
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both emotional regulation and other (hot and cold) executive functions (as measured 

by the DEX).   

Furthermore, in children with ABI, there is limited evidence for 

psychoeducation for caregivers in assisting with rehabilitation (Chavez-Arana et al., 

2018). In addition, older adolescents with moderate to severe TBIs who receive 

problem solving training also tend to reduce their externalising behaviours such as 

aggression (Wade, Stancin, Kirkwood, & Brown, 2014). However, it is noted many 

strategies to improve emotional and behavioural regulation following vmPFC 

injuries appear to show limited efficacy due to poor generalisability to novel 

situations (Cicerone & Tanenbaum, 1997). 

Further evidence for hot executive functioning interventions can be seen 

when examining literature investigating people with hot executive functioning 

disturbance without ABI (e.g., ADHD). In these groups, strategies such as 

mindfulness, reinforcement of behaviour, evaluating pros and cons, and breaking 

tasks into smaller chunks to increase the frequency of reward have all been proposed 

(Fleming & McMahon, 2012). There is evidence for Goal Management Training and 

Contingency Management in people with substance use disorders (without ABI) and 

some limited evidence for working memory training and cognitive behavioural 

therapy (Verdejo-García, Alcázar-Córcoles, & Albein-Urios, 2019). 

Taken together, while promising cognitive and emotional treatments have 

been developed to target hot executive functioning, there is a distinct lack of 

literature targeting both emotional and cognitive factors for people with hot 

executive functioning deficits following ABI. While some studies look at a combined 

approach, these tend to be single case studies (e.g., Mateer, Sira, & O’Connell, 2005) 

or people with mild injuries (Tiersky et al., 2005). Furthermore, it is noted that the 
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cognitive interventions used tend to target attentional rather than executive skills 

(i.e., by using Attention Process Training). Only one of the above-described studies 

used a combination of cognitive and emotion rehabilitation, and this included just 

one session on emotional regulation (Tornås et al., 2016). It is argued that there is a 

great need to develop interventions that address both cognitive and emotional factors 

following ABI. Given the interplay between hot and cold executive skills (e.g., 

Brevers, Bechara, et al., 2013), many novel situations that come up in daily life 

would require both a cognitive and emotional response. Indeed, research has 

demonstrated that people with greater levels of cold executive dysfunction tend to 

use more emotionally-focused problem solving and coping (Krpan, Levine, Stuss, & 

Dawson, 2007), which is considered maladaptive. Thus, future research into the 

development of combined cognitive and emotional approaches to rehabilitation 

following ABI is recommended. 

6.6 Conclusions 

In conclusion, this thesis aimed to investigate executive functioning 

following ABI, with a focus on hot executive functions. It demonstrated that cold 

executive functions, in the context of other neuropsychological dimensions, were 

predictive of functional outcome following traumatic brain injury in adults. 

Secondly, this thesis demonstrated the sensitivity and specificity of the IGT in 

distinguishing people with ABI, and the potential for high levels of impairment in 

hot executive functioning following ABI. Thirdly, this thesis investigated hot 

executive functioning as a predictor of functional outcome and identified 

methodological issues that limit the interpretation of results. While no conclusions 

can be made at the present time, this thesis has laid groundwork for future research in 

this area, providing strong recommendations and potentially fruitful avenues of 
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study. Consequently, future research is required to investigate the relationship 

between hot executive functioning and functional outcome following ABI further, 

taking into account impaired self-awareness, as well as to examine the roles of lesion 

location, other brain injury symptoms such as alexithymia, and the measurement of 

hot executive functioning. This will be explored as part of the larger study from 

which data from this thesis is drawn, whereby the relationships between different 

measures of hot executive functions, cold executive functions, and self-awareness 

and informant-reported functional outcome can be evaluated. 
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Table 26 

Correlations Between Neuropsychological Dimensions and the GOS-E Across Each Study Included in the Analysis. Sample Size for Each Study 

Is Also Displayed 

 Bercaw et al. (2011) Gautschi et al. (2013) Ponsford et al. (2008) Sigurdardottir et al. 

(2009) 

Wilson et al. (2000) 

 r N r N r N r N r N 

Imm. verbal .17* 40 .75 25 .36 60 .56 106 .34 135 

.32* 19 

Delayed verbal -.004 40 .72 25 .35 60 .60 106 .37 135 

V-S construction - - .45 21 - - .35 105 .22 135 

Set shifting .15 33 -.37 21 -.41 60 -.38 106 -.35 135 

Generativity .06 22 .54 24 .39 60 -.54 106 .42 135 

Notes. * Bercaw et al. (2011) used either the CVLT-II or the RAVLT to measure immediate verbal memory/learning. These correlations are 

for the two different tests administered to different participants; r = correlation; N = Sample size; GOS-E = Glasgow Outcome Scale – 

Extended; Imm. verbal = Immediate verbal memory and learning; Delayed verbal = Delayed verbal memory; V-S construction = Visuo-

spatial construction. 
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Table 27 

Correlations Between Neuropsychological Dimensions and the DRS Across Each 

Study Included in the Analysis. Sample Size for Each Study is Also Displayed 

 Bercaw et al. 

(2011) 

Little et al. 

(1996) 

Williams et 

al. (2013) 

Wilson et al. 

(2000) 

 r N r N r N r N 

Processing speed .24 235 .54 202 -.36 288 .48 135 

Set shifting .18 215 .61 202 -.36 288 .43 135 

Generativity -.03 163 - - -.18 288 -.40 135 

Motor speed .29 179 - - -.29 288 .33 135 

Notes. r = correlation; N = sample size; DRS = Disability Rating Scale. 
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Figure 5.  Funnel plots for correlations between the GOS-E and (A) Immediate verbal 

memory/learning; (B) Delayed verbal memory; (C) Visuo-spatial construction; (D) Set 

shifting; and (E) Generativity. 
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Figure 6. Funnel plots for correlations between the DRS and (A) Processing speed; (B) 

Set shifting; (C) Generativity; and (D) Motor speed 




