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Thesis Abstract
Context: Stroke and dementia are neuropsychological deficits that impact an
individual's quality of life. Computerised cognitive training (CCT) is an
intervention aimed to ameliorate the deficits.
Aim: The current thesis portfolio aims to provide an updated review on CCT
efficacy concerning the quality of life and mild cognitive impairment (MCI).
Additionally, the thesis aims to understand better the cognitive domains that best
predict the quality of life in stroke individuals.
Method: The systematic review examined the efficacy of existing computerised
cognitive training at improving everyday functioning in MCI individuals.
Additionally, the review aggregated CCT features that are commonly used in the
reviewed CCTs. The empirical paper examined the cognitive variables best-
predicting quality of life, focusing specifically on functional outcomes.
Results: The systematic review showed tentative evidence for CCT at improving
everyday functioning in MCI individuals. The review identified preliminary
evidence suggesting socio/emotional factors that might contribute to CCT efficacy.
The empirical paper found non-spatial attention as a significant contributor to one
model of quality of life. However, this significance was only attainable when
depression and motivation subscales were removed from the model.
Conclusion: The findings provide tentative evidence supporting CCT at improving
everyday functioning and identified possible cognitive domains that best predict
life quality. Implications of the findings were discussed further in the discussion
chapter. More studies are needed before a firm conclusion can be made about CCT

efficacy, and the cognitive domains best predict the quality of life.
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Chapter 1: Introductory Chapter

Neurological Conditions and the Ageing Population

Life expectancy worldwide has increased from 66.8 years in 2000 to 73.4
years in 2019 (World Health Organisations [WHQ], 2021). While the increase in
longevity is certainly worth celebrating, it also means more people would reach the
age where neurological disorders become more prevalent (Feigin et al., 2017).
Examples of age-related neurological disorders are stroke and dementia, which are
commonly associated with increased age (Lipnicki et al., 2017; Béjot et al., 2016).
Globally, stroke and dementia were considered the second and seventh leading
cause of death, respectively (WHO, 2019). It was projected that the prevalence of
stroke and dementia would increase in response to the increase in the ageing
population (Wolters & Ikram, 2018; Béjot et al., 2019). Therefore, further
examination of these age-related neurological disorders is essential in preparation

for the future.

Stroke and Dementia: A Closer Look

The present thesis focused mainly on stroke and MCI. Dementia is an
umbrella term for a collection of progressive illnesses impacting memory, thinking,
behaviour and the ability to perform everyday activities (Prince et al., 2014).
Prevention and timely diagnosis are the primary intervention approaches to
dementia (Livingston et al., 2017). Mild cognitive impairment (MCI) represents the
precursor stage between normal cognition to dementia (Duara et al., 2011, Roberts
& Knopman, 2013).

MCI is described as a stage in which observable changes are detected in an
individual or through objective evidence, with impairment in one or more cognitive
domains. At the same time, functional abilities are relatively preserved in MCI
(Albert et al., 2011). There has been a large focus on MCI as a target to ameliorate
the impact of dementia, as evidence has suggested that those with MCI could

potentially revert to baseline cognitive state over time (Koepsell & Monsell, 2012).
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Therefore, researchers have looked at MCI as a potential target for the treatment of
dementia.

Stroke is defined as "a transient episode of neurological dysfunction
caused by focal brain, spinal cord or retinal ischaemia, without acute infarction™
(Easton et al., 2009). Previous research has also associated stroke with an increased
risk of dementia (Tatemichi et al., 1993; Pohjasvaara et al., 1998; Sachdev et al.,
2006). The association could be linked by the commonality that both stroke and
specific subtypes of dementia are known to be caused by vascular-related deficits
(Savva et al., 2009; Vijayan & Reddy, 2016). By extension, vascular risk factors
have also been associated with increased risk of MCI among older adults (Wang et
al., 2015). Previous research has associated MCI with post-stroke individuals
(Sachdev et al., 2009; Pasi et al., 2012), and the potential for reversibility was
similarly observed in a percentage of stroke individuals with MCI (Rasquin,
Lodder & Verhey, 2005). Hence, MCI status is not exclusive to dementia.

Given the potential to intervene/prevent or reverse the impact of stroke and
dementia, researchers have investigated the cause/root of the disorders and the
accompanying deficits. Researchers have posited that timely identification and
modification of the impaired cognitions could potentially restore the impairment or

protect against further deterioration in functioning or quality of life.

Quiality of Life and the Impact of its Reduction due to Stroke and Dementia
Neurological disorders, including stroke and dementia, impact multiple
aspects of an individual's life. Quality of life (QoL) is an essential parameter for
measuring the outcome of modern medicine and highly critical in assessing the
multifaceted impact of diseases on an individual's life (Salter et al., 2008). Lower
health-related qualities of life were also significant predictors of increased short
and long-term mortality among older adults (Brown et al., 2015). Research has
looked at various predictors of quality of life like demographic (e.g., age and

gender), clinical-related (e.g., stroke severity), environmental (e.g., social support
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and participation) and individual factors (e.g. coping strategies) (Wang and
Langhammer, 2018).

Activities of daily living (ADL) is a critical component known to impact
the quality of life (Andersen et al., 2004; Haghoo et al., 2013; Imanishi, Tomohisa
& Higaki, 2017). Negative associations were found between impairment in ADL
with quality of life (QoL) (Edemekongs & Bomgaars, 2018). Cognitive
impairment, a common feature of both stroke and dementia (Sun, Tan & Yu, 2014;
Gamir-Morralla et al., 2017), negatively affects ADL performance (Claesson et al.,
2005; Urwyler et al., 2017). As a result of cognitive impairment, individuals with
stroke or dementia are at higher risk of additional physical and mental deficits like
loss of mobility (Macintosh et al., 2017; Borges, Radanovic & Forlenza, 2015) and
depression (Robinson & Jorge, 2016; Ma, 2020).

The increased risk of depressive symptoms and mobility loss could have
broader implications like social isolation, resulting in further deterioration of an
individual's overall quality of life (Fakoya, McCorry & Donnelly, 2020; Montoya-
Murillo et al., 2020). Furthermore, the increased risk of late-life depression was
predicted to lead to a substantial increase in the risk of dementia (Leyhe et al.,
2017). It is posited that the relationship between dementia and stroke with
depression could be bidirectional (Del Zotto et al., 2014; Cipriani et al., 2015). The
experienced difficulties and bidirectional relationship could create a feedback loop
that further perpetuates the disorder and difficulties experienced. Hence, humerous
research studies on treatments and interventions have been done over decades in
the hope to counter the wide range of detrimental impacts that stroke and dementia
have on individuals.

Interventions: Starting with the Basics

One core concept of intervention for stroke and dementia is the notion of
brain plasticity, defined as the brain's capacity to show structural and functional
changes such as reorganisation of brain networks or formation/elimination of

synaptic connections (Zatorre, Fields, & Johansen-Berg, 2012). It was posited that
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areas of the brain related to different functions could be modified by sensory input,
experience, and learning (Merzenich et al., 1983; Jenkins & Merzenich, 1987).
Plasticity can be induced at any age, but its mechanism could differ depending on
age (Merzenich, Van Vleet & Nahum, 2014).

The concept of plasticity was partly formed from the framework proposed
by Hebb (1949). He argued that synaptic connections are strengthened when pre-
and postsynaptic neurons are co-activated, occurring between singular or clusters
of neurons. Neurons separated by lesions could be reconnected if the neurons are
simultaneously activated. Since its inception, Hebb's theory has gained strong
evidence through the discovery of long-term potentiation (LTP) of synaptic
transmission (Bliss & Gardner-Medwin, 1973; Artola & Singer, 1987; Clugnet &
LeDoux, 1990; Caporale & Dan, 2008). LTP showed, on a neuronal level, evidence
of Hebb's theory that neurons fired together within a critical time window
strengthen synaptic transmission between the neurons, which forms the basis of
learning and memory (Ito, 2005). In the context of the interventions, the theory has
been applied to the basis of motor recovery (Remsik et al., 2016) through cortical
reorganisation, potentially through the mechanism of long-term potentiation (Hara
etal., 2015).

The two concepts, Hebbian learning and plasticity, play a role in the
'restoration’ approach to rehabilitation. Zangwill (1947) defined restoration as the
potential for damaged functions to be recovered through training. The prospect of
'restoring' an impaired function to its former state has fundamental clinical
implications. However, restoration provides limited clinical applicability in
rehabilitation (Zangwill, 1947).

An alternate approach is ‘compensation’, whereby psychological functions
are reorganised to minimise or circumvent the impact of an impairment (Zangwill,
1947). Like restoration, plasticity and Hebbian learning have roles in the
compensation approach as well. However, rather than restoring damaged function,

this approach would encourage individuals to use learned strategies like landmarks
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for navigation (van der Kuil et al., 2018) or use mnemonics as memory aids
(Goodwin et al., 2020) to offset the difficulties caused by the impairment. This
approach to intervention has shown some evidence of efficacy and was
recommended for reducing difficulties due to neurological disorders (Cicerone et
al., 2011; Cicerone et al., 2019; Goverover et al., 2018). Furthermore, the
compensation approach to intervention is more feasible than restoration. This is
because neurophysiological deficits of the disorders (e.g., stroke or dementia) are

often irreversible or difficult to 'restore’ to a pre-disorder state.

Concept of Near and Far Transfer Effects

As more interventions are created, the generalisability of the intervention
has become more emphasised by researchers (Bonell et al., 2006). Woodworth and
Thorndike (1901) posited that the likelihood of transferability relies on the degree
to which the trained and untrained domains have in common. The topic of
generalisation was further expanded and elaborated into the concept of 'near' and
‘far' transfer effects. Barnet and Ceci (2002) distinguished described 'near' transfer
as a generalisation of skills across domains similar to what was trained. On the
other hand, 'far' transfer referred to the generalisation of domains related indirectly

or weakly with the trained domain.

A Brief Look at Stroke Interventions

As the survival rate among stroke individuals improve, the number of
individuals living with disabilities due to stroke increases (Carod-Artel et al.,
2002). Traditionally, stroke interventions have been primarily focused on motor
recovery (Pollock et al., 2014) and the indirect impacts of stroke (e.g., depression,
anxiety, or sleep) (Hackett et al., 2008; Knapp et al., 2017; Khot & Morgenstern,
2019). These interventions addressing the direct and indirect impacts of stroke
often lead to improvement/recovery of quality of life among stroke individuals
(Carod-Artel & Egido, 2009). Regarding motor recovery, stroke interventions

follow the main principles mentioned above (i.e., Hebbian learning and brain
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plasticity). These interventions often involve the practice of either simple motor
exercises or task-specific training that focuses on functional motor recovery
(Takeuchi & Izumi, 2013).

Functional impairments or ADL in stroke individuals have been linked to
cognitive impairments like impaired attention and executive dysfunction
(Cumming, Marshall & Lazar, 2013). If ADL impairments are the result of
cognitive deficits, improvements in those deficits could, in theory, ameliorate the
impairment. This is certainly the line of reasoning based on recent advances in
stroke rehabilitation, shifting from using conventional motor training to cognitive
training to improve ADL and QoL (van de Ven et al., 2016; Gamito et al., 2017,
Bo etal., 2019). Various research has posited executive functioning, working
memory, sustained attention (Tomaszewski Farias et al., 2009; Vogt et al., 2009;
Fortenbaugh, DeGutis & Esterman, 2017) as possible cognitive domains
responsible for QoL. There is still a lack of conclusive evidence on which cognitive
domains should be targeted for quality-of-life improvement. The empirical paper in
the current thesis aims to look at possible cognitive predictors that are responsible
for QoL in the hopes to ascertain the relationship between cognition and QoL.

A Brief Look at MCI (Dementia) Interventions

As mentioned above, individuals with MCI have a higher risk of
developing dementia (Tschanz et al., 2006). There is yet a ‘cure' for dementia
(Cations et al.,2018). Hence, research has focused primarily on preventing and
managing dementia (Livingston et al., 2017). MCI provides an opportunity to
prevent or postpone the onset of clinical dementia (Leifer, 2003) as between 14-
40% of them return to normal cognitive functions over time (Koepsell and
Monsell, 2012).

MCI interventions primarily focused on improving impaired cognitive
domains using cognitive training (Belleville, 2008; Hyer et al., 2016). Previous
research has shown task improvement in cognitive training for MCI (Hyer et al.,

2016; Belleville et al., 2018; Zhang et al., 2019). There have been numerous
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debates on the evidence and support for cognitive intervention in general.
However, the research on cognitive training has not slowed down and has
increased in popularity (Zygouris et al., 2017; Mrakic-Sposta et al., 2018; Liao et
al., 2019). However, the quality of current evidence supporting the efficacy and
generalisability of cognitive training in MCI remained largely lacking (Gates et al.,
2011; Butler et al., 2018). While some evidence supports cognitive training with
'near’ transfer effects, more conclusive evidence is still needed to support ‘far'
transfer effects (e.g., improved functional abilities and quality of life).

With the advancement in technology, there has been a rise in the
computerisation of cognitive training. However, the issue of generalisability
observed in traditional cognitive training, mentioned above, were extended into
computerised cognitive training (CCT) as well (Gates et al., 2019). Additionally,
the large variations in CCT intervention characteristics (Schubert, Strobach &
Karbach, 2014) and small cohort studies (Hampshire, Sandrone & Hellyer, 2019)
affected the reliability and validity of the evidence gathered. Hence, the systematic
review in the current thesis attempted to 1) to provide an updated review on of the
effects of CCT on everyday functioning in MCI individuals through meta-analysis
of available randomised controlled trials (RCTs); and 2) identify methodologies

and features of CCT that might serve to improve efficacy.

Summary of Stroke and MCI interventions.

The present evidence for the efficacy of stroke and MCI cognitive
interventions is limited. For cognitive training to be considered effective, the
training would need to be generalisable (near and far transfer effects) to similar but
untrained tasks related to the trained cognitive domains (Simons et al., 2016;
Lindenberger, Wenger & Lévdén., 2017). Bringing the current evidence on stroke
and MCI interventions together, both fields face difficulties providing evidence for
‘far' transfer effects, specifically how trained tasks could improve untrained tasks

that could improve quality of life or ADL.
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From a clinical perspective, there is a real need to improve further the
current understanding of cognition and methodology of CCT. This need includes
further exploration of QoL as an essential outcome measure encompassing various
domains such as mood and social functioning. Additionally, considering the broad
negative impact stroke and dementia has on QoL, there needs to be a stronger focus
on QoL as primary outcomes of interventions and on further improvement in
intervention efficacies for stroke and MCI.

Thesis Aims and Structure

The current thesis aims to address two knowledge gaps when it comes to
quality of life: 1) provide an updated review on CCT's efficacy concerning QoL
and MCI; and 2) gaining a greater understanding of the underlying cognitive
domains that best predicts QoL in stroke/MCI individuals. Addressing the gaps
could contribute to the field by providing a platform for a stronger focus on QoL
with stroke and MCI cognitive interventions. Additionally, this could help identify
cognitive domains that would best improve quality of life when targeted.

The thesis is arranged into three main sections: 1) a systematic review
discussing the efficacy of CCT for functional outcomes in MCI and the CCT
methodologies/characteristics observed in reviewed studies, 2) an empirical paper
looking at cognitive predictors of quality of life, focusing specifically on functional
outcomes and 3) a discussion and critical appraisal of the results of the two papers
as well as considerations for future research. Figure 1 provides a visual
representation of how the systematic review and empirical paper could address the

gaps within the broader context.



Figure 1

Diagram Denoting the Thesis Flow and how the Chapters Fit into the Overall
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Abstract
Background: Mild Cognitive Impairment (MCI) is a stage before the onset of
dementia. Computerised cognitive training (CCT) is used to delay/prevent MCI.
However, current evidence supporting CCT's efficacy are lacking. Objectives: The
present review evaluated CCT efficacy on everyday functioning for MCI and
provided a narrative review of the elements fundamental for CCT. Methods:
Studies with 1) older adults with MCI, 2) CCT interventions, 3) assessed everyday
functioning and 4) randomised controlled trials are included. Studies with
multidomain tasks that focused primarily on physical interventions were excluded.
Results: 3618 records were screened against the eligibility criteria, and 128 were
selected for full-text screening. 11 studies remained for full-text review. A
narrative synthesis was conducted and showed tentative evidence for CCT on
improving ADL by focusing on speed of processing. Features like adaptiveness and
social groups could contribute to CCT efficacy. Conclusions: The findings showed
tentative evidence for CCT efficacy in improving ADL among MCI individuals.
Social and motivational components could play an integral role in improving ADL
in MClI through CCT. More studies are needed before a firm conclusion on CCT
efficacy can be reached.
Keyword: activities of daily living, mild cognitive impairment, computerised,

cognitive training, adaptive
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Efficacy of Computerised Cognitive Training on Activities of Daily Living for

Older Adults with Mild Cognitive Impairment

As the number of age-related diseases, such as neurodegenerative disorders
(e.g., dementia), increase, more resources would be required to provide adequate
treatment and care. Dementia and its associated effects on health and society had
been projected to become a significant public health concern as the global number
of people living with dementia could increase from 50 million to 152 million in
2050 (Dementia Statistics Hub, 2021). However, there is currently no treatment to
cure or significantly slow the condition's progression (Watson et al., 2018).

Mild Cognitive Impairment (MCI) is a transient stage before dementia with
one or more cognitive impairments while functional abilities are relatively
preserved (Albert et al., 2011). The prevalence of MCI is still debatable due to the
variety in classification criteria and setting (Richardson et al., 2019). However, it
was suggested that 10 — 20% of individuals over 65 might have MCI (Dementia
Statistics Hub, 2018). MCI is associated with an increased risk of dementia
(Peterson, 2004). However, 14-40% of MCI individuals' cognition returned to
normal over time (Koepsell and Monsell, 2012). Hence, MCI provides an
opportunity to prevent or postpone the onset of clinical dementia (Leifer, 2003).
MCI Interventions

Various forms of interventions have been explored to delay or prevent the
progression of MCI. The most recent Cochrane review showed pharmacological
interventions as ineffective in slowing MCI progression (Russ & Morling, 2012).
Additionally, the review argued that the ineffectiveness and the side effects of
those medications do not justify their use. Therefore, non-pharmacological
interventions like computerised cognitive training (CCT) have become increasingly
popular among researchers as an alternative.

Cognitive training is defined as an intervention consisting of standard tasks

that target one or several cognitive domains through repeated and guided practice



CCT EFFICACY ON ADL FOR OLDER ADULTS WITH MCI
24

on standardised exercises (Gate & Valenzuela, 2010). CCT is the computerisation
of cognitive training. As more and more people become adept at using technology,
CCT provides more avenues to provide care and treatment. CCT enables
communication, remote monitoring, and the collection of health data that can be
used to deliver optimal and precise care to them (Williams et al., 2017).

Evidence for CCT's efficacy for improving cognition in older adults is
mixed. Some reviews provided evidence supporting CCT's efficacy in cognitive
improvements among healthy older adults (Lampit, Hallock & Valenzuela, 2014),
older adults with MCI (Reijnder, van Heugten & Boxtel, 2013) and those with
dementia (Garcia-Casal et al., 2017). However, the quality of available evidence
was too low to provide conclusive evidence for CCT's efficacy (Gates et al., 2019a;
Gates et al., 2019b). Furthermore, Lampit and colleagues' (2014) review suggested
that considerable variation in training design might influence the efficacy of the

intervention. Therefore, it might be crucial to consider CCT designs more deeply.

Different Types of CCT

Kueider, Parisi, Gross and Rebok (2012) classified CCT into three groups
by the type of software used: classic cognitive training tasks, neuropsychological
software, and video games. The classic cognitive training focused on improving a
specific cognitive domain (e.g., processing speed or attention) through programs
delivered by trained professionals personally to either an individual or in a group
format (Dunlosky, Kubat-Silman & Hertzog, 2003). Due to the need for qualified
individuals to deliver the training, this subtype is not cost-effective. The number of
individuals that can be treated is limited to the availability of trained professionals.

Neuropsychological software aimed to improve multiple cognitive
domains using various tasks provides real-time feedback and can be adaptive (i.e.
allowing individuals to progress at their optimal performance). The software is
designed with cognitive enhancement as the central theme. On the other hand,
video games focus more on entertainment value than cognitive improvement. Over

the last decade, more research has been conducted on approaches to CCT that
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merged features of neuropsychological software with video games to create an
intervention/training that is entertaining and enhances cognition. 'Serious games'
describe interventions designed for objectives other than entertainment (Michael &
Chen, 2005). Among the many sectors that 'serious games' have been applied, the
health sector has used these games to improve individuals' physical or cognitive

state (Alvarez & Djaouti, 2012).

Outcome Measures of Efficacy

Relevant and sensitive outcome measures are required to demonstrate the
efficacy and clinical applicability of CCT (Coster, 2013). The more standard
measures of outcome in CCT focused on the cognitive impairment level, looking at
an individual's performance in tasks similar to the trained cognitive tasks
(Sigmundsdottir et al., 2016). Alternatively, intervention outcomes could also be
understood through quality of life (QoL), specifically everyday functioning like
activities of daily living (ADL). Edemekong and colleagues (2019) defined ADL as
fundamental skills required to independently care for oneself, such as eating,
bathing, and mobility. It also included more complex activities (i.e. instrumental
ADL) like taking the bus or going grocery shopping independently. ADL could
also be understood as participation, defined as an individual's involvement in a life
situation (e.g. self-care, domestic life, communication, community, social and civic
life). This definition was given by the World Health Organization's International
Classification of Functioning, Disability and Health (ICF) (WHO, 2008).

Sood and colleagues' (2019) scoping review of CCT reported that a large
proportion of the reported improvements were in performance on tasks similar to
the trained cognitive domains. Functional outcomes like ADL or participation were
less commonly reported, with only one out of the 17 reviewed studies had assessed
ADL. As Sood and colleagues conducted a scoping review, they had not looked at
CCT's efficacy.

Traditionally, individuals with MCI were thought not to experience

difficulties with ADL (Winbad, Palmer & Kivipelto, 2004; Albert, DeKosky &
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Dickson, 2011). However, some evidence suggested that older adults with MCI
demonstrated some functional disability compared to controls (Tabert, Albert &
Borukhova-Milov, 2002; Pereira et al., 2010). Interestingly, Jefferson and
colleagues (2008) compared cognitive healthy older adults with those with MCI.
The authors’ findings showed no BADL and IADL differences between the two
groups through global ADL measures like Lawton and Brody Instrumental
Activities of Daily Living and Physical Self-Maintenance Scale. However, there
was a strong difference between the two groups when assessed with an informant
error-based ADL measure (i.e., Functional Capacities for Activities for Daily
Living), which looked at the ‘mistakes’ an individual made when a task was carried
out.

Puente and colleagues’ (2014) on MCT and ADL suggested that while
older adults with MCI experienced decreased ability to complete IADL, it was
unlikely to be detected by questionnaires or self-reports. Based on their findings,
the authors proposed that older adults with MCT’s difficulties with IADL were
more likely to be detected using performance-based testing. The findings from
Jefferson et al. (2008) and Puente et al. (2014) suggested that ADL assessments for
MCI individuals could be approached from a performance-based perspective
focusing on assessing the errors made rather than overall ADL capability.

It was shown that individuals with MCI reported lower QoL in the form of
difficulties with ADLSs, subjective stress, and depression than those who were
cognitively healthy (Stites et al., 2018; Leng et al., 2020). The prevalences of some
of these QoL difficulties were observed among MCI individuals: depression (32%),
apathy (14.7%) and anxiety (31.2%) (Ismail et al., 2017; Di lulio et al., 2010; Chen
et al., 2018). Negative associations had been found between impairments in ADLs
and QoL (Edemekongs & Bomgaars, 2017). The increased risks of late-life
depression and negatively impacted cognition were associated with reduced QoL
(Lin et al., 2014). While individuals with MCI experienced only mild difficulties in

complex tasks, combined with the subjective distress and depression, alongside
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their potential for continued deterioration, meant that early interventions on MCI
were warranted to prevent further deterioration of an individual’s QoL and
subsequent well-being.

In summary, more CCT intervention studies should incorporate
ADL/everyday functioning as outcome measures. The present review has two aims.
The first was to systematically review the efficacy of CCT on the everyday
functioning of MCI individuals. The second aim was to explore the various
elements/features implemented in the CCT by those studies to identify common

elements fundamental to CCT" efficacy at improving everyday functioning.
Method

Searching

The following databases were searched PsycINFO, PSYCARTICLE,
MEDLINE Complete, MEDLINE, PUBMED and Web Of Science to identify
relevant studies for the review. The databases were accessed in January 2021.
These databases were chosen as they were the most common and frequently cited
databases. The protocol was accepted by PROSPERO (ID: CRD42021230630,
22/01/2021). The keywords below were entered as search terms:

i.  older adults or geriatric or geriatrics or aging or ageing or senior* or older
people

AND

ii.  subjective cognitive impairment or age-related cognitive decline or mild
cognitive impairment or mci or mild dementia or early-stage dementia or
pre-dementia or cognitive dysfunction or memory loss or cognitive
impairment

AND

iii.  video game training or brain gaming or brain training or cognitive training
or memory training or cognitive rehabilitation

AND



CCT EFFICACY ON ADL FOR OLDER ADULTS WITH MCI
28

iv.  activit* of daily living or adl or occupational performance or instrument*
activit* of daily living or iadl or every* function* or participation or
function* *

AND

v.  randomi* control™* trial* or rct
AND

vi.  prevention or intervention or treatment or program

Eligibility Criteria
Inclusion Criteria
Articles were included in the review if they focused on the effect of CCT on
individuals with MCI. Given the strong association QoL has with ADL, the main
outcome of interest was individuals' everyday tasks performance, defined above as
either ADL or participation. These are either assessed directly via
objective/subjective measures of ADL (e.g., self-reports or objective behavioural
assessment of ADL) or indirectly (e.g., questionnaires that assessed global outcome
which incorporated general functional abilities and participation in tasks/activities).
These measures are often used before and after an intervention. The search was
expanded to include studies published post-2000. The use of technology in
healthcare gained popularity over the past decade; therefore, the inclusion criteria
of 2000 should capture all CCT studies. The review inclusion criteria were,
therefore:

1. Studies that looked at the efficacy of CCT on activities of daily

living/participation
2. The population of interest are older adults with MCI.
3. Atrticles published from 2000 onwards.

4. Articles are written in English from any country of origin.
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Exclusion Criteria
Studies were excluded if the interventions are multidomain (e.g., cognitive and
physical training) that are not primarily focused on computerised cognitive
training.

Titles and abstracts were screened for inclusion before full-text screening

based on the inclusion/exclusion criteria.

Selection Process, Data Extraction and Quality Assessment

The present systematic review followed the PRISMA guidelines (Page et
al., 2020). Search results were de-duplicated using a reference manager. 20% of the
studies were randomly co-assessed by a research supervisor on the eligibility
criteria, quality of the study and data extraction. Disparity or disagreements with
ratings were discussed and resolved before proceeding to the next step of the
review. Data items like outcome measures, intervention targets and characteristics
were extracted from the selected studies. The data from the reviewed studies were
assessed for their quality. Quality assessment was carried out using the revised
Cochrane risk-of-bias tool for randomised trials (Higgins et al., 2011). The entire
process was done using the reference manager, EndNote.
Narrative Synthesis

Intervention or session characteristics were extracted and tabulated. The
findings were presented and reviewed in a narrative format to summarise the
various features used by the RCTs.

Results

Study Selection

The process of screening and selecting articles for review is summarised in
Figure 1 using a "PRISMA" flowchart (Moher et al., 2009). A total of 3618 records
were screened against the eligibility criteria, 128 were selected for full-text

screening. 11 studies remained for full-text review.
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Figure 1

PRISMA flowchart
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Participant Characteristics

A total of 473 participants were recruited across 11 studies for the present

review. Eight of the reviewed studies had a sample size less than 50, the remaining

three between 62 and 80 participants. The sample size between intervention and

control groups were approximately equal in proportions. The average age for

participants was 72.5 years. Gender and sample size proportions were

approximately at equal proportion across control and intervention group. The

demographic data are shown in Table 1.
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MCI Classifications

Seven of the eleven studies assessed individuals to have MCI based on a
set of criteria from previous research (Petersen et al., 1997; Albert et al., 2011).
The criteria laid out in the seven studies included ‘some difficulties with complex
IADLs (e.g., paying bills or using public transport) but had not impacted on the
individual’s ability to function independently. One of seven studies used deficits in
executive function to supplement the MCI criteria used. Two of the remaining four
studies identified MCI based on psychometric assessment of the individual’s
cognitive ability and does not indicate the individual’s functional ability. One study
recruited participants with MCI diagnosis based on the International Classification
of Diseases-9" Edition for MCI (World Health Organisation, 1978). The last study
had not specified any criteria to assess for MCI. Seven of the studies excluded any
participants that experienced any mental health disorders. Two studies excluded
participants taking medication for their mental health, while the remaining two had
not specified mental health as an exclusion criterion. The classification used could

be seen in Table 1.

Outcome Characteristics

The outcome measures used to assess everyday functioning in the reviewed
RCTs varied from objective assessments of ADL to unvalidated guestionnaires.
The most common and objectively valid outcome measure used was the Timed
Instrumental Activity of Daily Living (TimedlADL) (3/11). Two other studies used
Lawton's IADL scale and Bristol Activity of Daily Living Scale, which are self-
reported measures of ADL. Six other studies used measures that indirectly assessed
everyday functioning/ADL (e.g., QoL, attention, memory, or health perspective).
The RCTs (Weng et al., 2019) used custom questionnaires that had not been
psychometrically validated.

The reviewed studies assessed ADLSs as a secondary outcome.
Additionally, the quality of evidence gained from the current review could be

impacted by the measures used, which varied in reliability and validity. In
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summary, the variety suggested the need for standardisation of ADL assessment for

CCT.

Risk of Bias

Table 2 shows the quality of the 11 reviewed studies assessed using
Cochrane's Risk of Bias tool (Sterne et al., 2019). Interestingly, even with inclusion
criteria for publication date ranging between 2000-2020, the first RCT looking at
CCT on ADL on MCI appeared in 2012, but publication only started increasing in
frequency post-2016. Of the 11 studies, three studies were rated as having some
concerns. For Valdes and colleagues' (2019) study, there was some concern about
how the data was handled. The data obtained for the analysis was from a large
cross-sectional longitudinal study that collected various physical and cognitive
measures and training performance. Park and Park's (2018) study employed carer-
based measures which might not reflect accurately participants' perceived
experience and improvements.

It is difficult to ascertain if all the reviewed studies followed analysis plans
that were set out prior as the current review had no access to the study protocols.
Combined with the large variation in study methodology, the overall quality of the
reviewed studies was moderate at best. The variation meant that many confounds
could not be accurately determined on their specific role in the effectiveness of
CCT on ADL. Additionally, most if not all of the reviewed studies did not report
sample size calculation. Therefore, the current review does not know if the studies
met the required sample size for power, which brings the results into question.
Hence, care is needed when interpreting them (Faber & Fonseca, 2014).

Main Results

Table 2 showed the Hedges’ g of each reviewed study, type of
intervention, outcome measures used to assess ADL, and the intervention's
characteristics, including the different implemented features. For the reviewed
studies, Hedges’ g was observed to have a wide range, between -0.172 to 0.3.

Heterogeneity was assessed statistically using the Dersimonian-Laird method. The
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Q value showed non-significant heterogeneity; Q(df = 9) = 1.99, p = .99, which
indicated that the measures used in the reviewed studies assess a similar construct,
i.e. everyday functioning. However, the methodologies and measures used in the
reviewed studies varied widely. Therefore, it was determined that a narrative

synthesis might be more suitable for the current review than a meta-analysis.
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Demographic data extracted from reviewed studies
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Author Total Samplesize for Samplesize  Mean Age  Gender proportions (F)  MCI Classification

Samplesize  intervention for control of Sample (%) [Intervention vs

(N) (n) (n) Control]

Valdés, Andel, Lister, 49 24 25 75.18 458132 Cognitive
Gamaldo, & Edwards psychometric data
(2019)
Lin, Heffner, Ren, 21 10 11 73 49.95|55.5 MCI criteria from
Tivarus, Brasch, Chen, Albert et. al., 2011
Mapstone, Porsteinsson
& Tadin (2016)
Djabelkhir, Wu, Vidal, 19 9 10 76.7 70|60 MCI criteria from
Cristancho-Lacroix, Petersen et. al., 1997
Marlats, Lenoir, Carno &
Rigaud (2017)
Manenti, Gobbi, Baglio, 49 18 17 76.5 27.78|58.82 MCI criteria from

Macis, Ferrari, Pagnoni,
Rossetto, Di Tella,
Alemanno, Cimino,
Binetti, lannaccone,
Bramanti, Cappa &
Cotelli (2020)

Petersen et al., 1997
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Law, Mok & Yau,(2019) 29 (but not 15 14 76 58.62 MCI criteria from
full total as Albert et al., 2011
it includes

other
intervention)

Oh, Seo, Lee, Song & 42 18 16 59.435 50 | 56.25 N/A

Shin (2018)

Hughes, Flatt, Fu, 20 10 10 77.35 80| 60 Cognitive

Butters, Chang, & psychometric data

Ganguli (2014)

Gagnon & Belleville 24 12 12 67.71 N/A MCI criteria from

(2012) Petersen et al., 1997

and executive deficits

Hagovska & Nagyova 80 40 40 67.09 451525 ICD-9 diagnosis of

(2017) MCI given by

clinicians

Weng, Liang, Xue, Zhu, 62 33 29 81.27 87.88]96.55 MCI criteria from

Jiang, Wang, & Chen Albert et al., 2011

(2019)

Park & Park (2018) 78 39 39 67.3 48.72 | 43.59 MCI criteria from

Petersen et al., 1997
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Table 2
Level of quality assessment based on Risk of Bias tool by Cochrane
Randomisation De:‘/;ig?ns Missing - Measurement SG(})I? iﬁg "
Author process intended oudtgﬁgne oSIct:;e reported Overall
interventions result
Valdes et Low Low Low Low Some Some
al. 2019 concerns  concerns
Lin et al. Some Some Some
2016 Low concerns Low Low CONCEerns  Concerns
Djabelkhir
etal., Low Low Low Low Low Low
2017
Manenti
etal., Low Low Low Low Low Low
2020
Law et al.,
2019 Low Low Low Low Low Low
Oh et al.,
2016 Low Low Low Low Low Low
Hughes et
al., 2014 Low Low Low Low Low Low
Gagnon
and
. Low Low Low Low Low Low

Belleville,
2012
Hagovska Low Low Low Some Low Low
et al. 2017 concerns
Weng et
al.. 2019 Low Low Low Low Low Low
Park and Some Some
Park, Low Low Low Low
2018 CONCerns  concerns

Note. The quality rating is ranked via levels of risks. In ascending order of risk of

bias, the order is Low — Some Concerns — High Concerns.
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Figure 2

Funnel plot visualising possible publication bias .
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Intervention Characteristics

Session Characteristics.

Tables 4 and 5 show the data extracted from the reviewed studies for both
CCT and control groups. The number of sessions of CCT ranged from 6 to 40
sessions, with the majority of sessions (6 /11) lasting one hour; two of the studies
sessions took 1.5 hours while the remaining three studies were short (i.e., 20-30
minutes). It was observed that between 10 to 30 sessions and spread across several
weeks (i.e., sessions were once or twice a week) showed positive Hedges’ g

compared to interventions with extended sessions (i.e., >40 weeks).
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The most common mode for delivering the interventions was via computer
and keyboard (7/11) followed by touch screen (2/11). The remaining two studies
used the Wii consoles and computer screens with large buttons. There was no
discernable pattern in which the mode of delivering the interventions showed better
efficacy. Additionally, the session durations varied from 5 to 90 minutes. Similar to
the mode of delivery, there was no distinctive pattern that could be observed

between session duration and CCT effectiveness.

Adaptiveness.

The first common feature present in most reviewed studies was task
adaptiveness (6/11), which is the ability to personalise exercises to match the
performance of each individual. Hence, tasks get progressively more difficult as
the person improves. Three of the six intervention that has adaptive features
showed improvement in outcomes compared to the comparison group. Three
studies defined the optimal performance set for adaptive training. Valdes and
colleagues (2019), Hedges’ g = 0.27, defined 75% correct response as optimal
performance. However, Hagovska and colleagues (2017), Hedges’ g = 0.22, and
Lin and colleagues (2016), Hedges’ g = 0.18, provided set (e.g., easy, medium,
hard) difficulties but not how the parameters were established (e.qg., error rate or
success rate). Therefore, the set difficulty level might not be fine-tuned to tailor the
task to each individual's ability accurately. The remaining three studies did not
mention how adaptiveness was promoted (Oh et al., 2018; Manenti et al., 2020;
Park & Park, 2018). Interestingly, virtually no differences were observed in the two
reviewed studies (Oh et al., 2018; Manenti et al., 2020) that had not specified how
adaptiveness was promoted. Hedges’ g was not calculated in Park and Park (2018)
as the study compared two different CCT groups.

Cognitive Targets.
Four studies used single-domain cognition as intervention targets, while

the remaining seven focused on multiple cognitive domains. The attentional
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domain (8/11) was the most common intervention target, followed by memory (i.e.,
long and short-term memory) (6/11). Visuospatial abilities were cognitive targets
in five studies, while executive functions as intervention targets were the least
common (3/11). The extracted data suggested that interventions focusing on
improving the single cognitive domain 'speed of processing' showed the largest
effects (Hedges g = 0.303, 0.271 and 0.184; Hughes et al., 2014; Valdes et al.,
2019; Lin et al., 2016) compared to other studies which targeted multiple and other
domains.

On the other hand, CCT interventions that targeted cognitive domains like
attention or working memory showed minimal improvement or worse performance
than the control groups. Hagovska and Nagyova’s (2017) CCT intervention,
CogniPlus, was the only exception with Hedges’ g =0.221 compared to the control
group. The study trained other cognitive domains (e.g., executive function and
visual-motor coordination) in addition to the two domains specified above. Hence,
based on the data extracted, CCT interventions targeting single domain ‘speed of
processing’ showed the strongest effects than other single cognitive domain
interventions. Only one out of seven (Hagovska & Nagyova, 2017) multi-domain
CCT interventions showed an effect at improving ADL. More studies are
warranted before any conclusion can be said on effective cognitive targets for CCT

intervention.

Miscellaneous Intervention Characteristics

Other less common characteristics included guided/feedback by
trainer/therapist (4/11) or conducting CCT in group settings (2/11). Guidance from
trainer/therapist varied from weekly check-ins with participants (Oh et al., 2018),
having the interventions supervised (Valdes et al., 2019; Manenti et al., 2020), to
having live feedback (Manenti et al., 2020). Among the reviewed studies that
adopted these characteristics, only one study (Valdes et al., 2019) showed a
positive effect size, Hedges’ g = 0.27. Out of the four studies that adopted

trainer/therapist, only Valdes and colleague's intervention study showed a positive
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effect, suggesting that the involvement of trainer/therapist in a supervisory role has
minimal impact on CCT efficacy.

Two studies adopted group settings as part of the intervention
characteristics (Hughes et al., 2014; Djabelkhir et al., 2017). The two studies
encouraged participants to interact with each other. In Hughes and colleagues'
intervention, participants trained together and competed with other groups,
Hedges’ g = 0.3. Djabelkhir and colleagues' included feedback and group
discussion at the end of each training session, Hedges’ g = 0.15. An important
distinction between the two studies is the role of social components play in the
intervention. Participants in the Djabelkhir and colleagues study had 15 minutes
each session for group interaction. In contrast, participants in Hughes and
colleagues were constantly interacting with each other within their group and with
other groups. Both studies showed small positive effect sizes, suggesting that

social components might enhance CCT efficacy at improving ADL/participation.

Intervention Characteristics Summary

Based on the data extracted from the reviewed studies, the current findings
suggested tentative evidence that CCT interventions that targeted ‘speed of
processing’ yielded the strongest effects in ADL improvement compared to control
groups. Based on the reviewed studies, interventions that targeted attention and
working memory were not effective cognitive targets. Multi-domain CCT might be
more ecologically valid or have higher transferability than single domain CCT.
However, more studies were warranted to investigate multi-domain CCT
interventions as everyday functions are rarely single-domain tasks. Adaptive
training was the most common feature adopted. However, the feature's contribution
to CCT efficacy cannot be concluded due to inadequate evidence about the
adaptive mechanism. The tentative positive result from two studies suggested that
the inclusion of group features might contribute to CCT efficacy. Intervention
efficacy was not affected by other intervention characteristics like session duration

and mode of delivery.
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Extracted data from the 11 reviewed studies arranged in descending order of effect size for the CCT group.

Computerised Cognitive Training
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Author Hedges’  Glass’ Intervention Outcome Cognitive ~ Number of  Session duration Interface Features added
g delta measures Target sessions (e.g. touch onto intervention
(between  (within (e.g. screen, eye
group) group)* working movement)
memory,
processing
speed)
Hughes, 0.303  0.091 Nintendo Wii™ Timed Attention, 24 session 90 minutes Wii Console  Group tournament
Flatt, Fu, gaming console IADL Speed of (once a week to promote interest.
Butters, Processing  for 24 Split further into
Chang, & weeks) various stable
Ganguli groups of 3-4
(2014) members.
Valdés, 0.271 0.787 Modified UFOV  Timed Speed of 10 Sessions 1 hour: 10-15 Computer Adaptive (increase
Andel, IADL Processing minutes of and difficulty when
Lister, Test discussion about Keyboard reaching 75%
Gamaldo, topics relevant to accuracy)
& Edwards training + 45-50

(2019)

minutes of training

Guided by trainer
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Hagovska  0.221  0.026 CogniPlus Bristol Multiple 20 sessions 30 minutes: Each type Computer and  Adaptive
& Nagyova activities of cognitive over 10 of cognitive sub- Keyboard
(2017) daily living domains weeks programme lasted for 5
scale 10 min during a single
(BADLS) session. During one

session, only attention,

short-term and long-

term memory were

trained;

Executive functions and

visual-motoric

coordination were

trained at the following

session. All of the

cognitive functions were

trained during each

week.
Lin, 0.184 0.24 Posit Science TimedIADL Vision- 24 Sessions 1 hour Computer and  Adaptive
Heffner, included five based speed (4 Keyboard
Ren, training tasks: of days/week
Tivarus, Eye for detail, processing  for 6
Brasch, Peripheral weeks)
Chen, challenge,
Mapstone, Visual sweeps,
Porsteinsso Double
n & Tadin decision, and

(2016) Target tracker.
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Djabelkhir, 0.15 -0.023 Computerised Quality of life Several 12 sessions 90 Touch Screen  Group discussion
Wau, Vidal, 3 cognitive scale for older cognitive minutes
Cristancho- exercises French people domains (not
Lacroix, selected from specified
Marlats, the Institution which
Lenoir, version of domain)
Carno & KODRO
Rigaud (Altera-Group,
(2017) Paris, France).

The web-based

platform

provided several

applications

tailored to older

adults.
Law, Mok & 0.06 0.234 Computerised Lawton IADL Training of Total 12 1 hour Computer N/A
Yau,(2019) Cognitive attention, sessions)

Training memory, supervised by an

executive occupational

function, and
visual-
perceptual
function in a
group of 4-6

therapist for a total
of 8 weeks.
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Oh, Seo, - -0.075 'SMART' Multifactorial Attention 40 (5days (15-20 minutes)  Touch Screen  Variety of
Lee,Song& 0.01 Memory and working  a week levels, but task
Shin (2018) 4 Questionnaire memory are  for 8 difficulties

(MMQ): MMQ- known tobe  weeks) increase

A (Ability), closely according to a

which assesses  associated schedule.

the frequency with general

of memory- memory Weekly

related problems function participant

experienced in check-ins

daily life
Manenti, - -0.42 Clinical Virtual  Everyday Memory, 12 60-min sessions:  Computer Feedback
Gobbi, 0.01 reality Memory visuospatial ~ sessions 10 minutes for Screen performance
Baglio, 5 rehabilitation Questionnaire +  abilities, over 4 each six tasks. All was given to
Macis, system (Clinic Quality of Life  attentionand  weeks + exercise tasks will participants.
Ferrari, VRRS) versus in Alzheimer's executive 36 be completed six Progress
Pagnoni, Home-Based Disease functions sessions - times monitoring by a
Rossetto, Di Cognitive 3 therapist.
Tella, VRRS sessions/ Adaptive and
Alemanno, Treatment week over tailored to
Cimino, (Tele@H- 3 month baseline
Binetti, VRRS) characteristics.
lannaccone, Addition of
Bramanti, home-based
Cappa & intervention that
Cotelli has similar but

(2020)

different tasks.
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Weng, - 0.142 A custom Weng and Working 8 weeks 2 times/week for  Computer and  None reported
Liang, Xue,  0.06 program made Huang's memory 40-60 min keyboard
Zhu, Jiang, 3 by Zhejiang Alzheimer's
Wang, & University and Disease Rating
Chen (2019) Nanjing Zhihui  Scale

Education

Technology

Company,

Limited.
Gagnon & - 0.023 Traditional Divided Attention 6 sessions 1 hour Keyboard and  Variable Rules
Belleville 0.17 Computerised Attention over two Computer (task difficulties
(2012) 2 Cognitive Questionnaire weeks changes

Training - (DAQ) spontaneously)

Variable

changes in task Breaks are given

rules 1/3 and 2/3 into

the training
Supervised

Park & Park N/A  0.012 CoTras program  SF-36 Health Attention, 30 30 minutes: 10 Computer Adaptive
(2018) (Netblue, Form memory, and  sessions,  minutes on each Screen with

Korea) made for visual-spatial three days cognitive domain  large buttons

Korean abilities. a week (i.e. attention, for ease of use

for 10 memory and
weeks visual-spatial).
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Park & Park 0.014 Nintendo Wii™  SF-36 Health Attention, 30 30 minutes: 10 Computerised/  Wireless
(2018) gaming console  Form memory and  sessions,  minutes on each VR controller
visual-spatial three days cognitive domain
a week
for 10
weeks

Note: The effect sizes were not extracted directed from the reviewed RCTSs. The effect sizes were derived from the mean, standard deviation, and sample size between

intervention and control groups post-intervention. * The column entry is the Glass' delta that looks at pre-post effect size.
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Table 4

Extracted data from the 11 reviewed studies arranged in descending order of effect size for control group.

Control
Author Control used Cognitive Number of Session duration Delivery method  Interface used
Target (e.g. sessions (e.g. touch
working screen, eye
memory, movement)
processing
speed)
Valdés, Andel, Practice Computer skills such as General 10 Sessions 1 hour: 10-15 Computerised Computer and
Lister, Gamaldo,  an introduction to computer Cognition minutes of Keyboard
& Edwards hardware, how to use a mouse, discussion about
(2019) how to acquire and use an email topics relevant to
account, and how to access and training + 45-50
use web pages. minutes of training
Lin, Heffner, Online crossword, Sudoku, and General 24 Sessions (4 1 hour Computerised Computer and
Ren, Tivarus, solitaire games were used. Chosen  Cognition days/week for 6 Keyboard
Brasch, Chen, to: 1) control for computer/online weeks)
Mapstone, experience and amount of time; 2)

Porsteinsson &
Tadin (2016)

simulate participants' everyday
mental activities, and 3) entertain
participants to prevent dropping
out
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Djabelkhir, Wu, Computerised Cognitive N/A 12 sessions 90 minutes Computerised Ipad
Vidal, Cristancho- Engagement
Lacroix, Marlats,
Lenoir, Carno &
Rigaud (2017)
Manenti, Gobbi,  (Clinic-TAU) - Group Cognitive  Learning 12 sessions over 4 60 minutes N/A Group sessions
Baglio, Macis, stimulation group cognitive weeks. led by mental
Ferrari, Pagnoni, strategies and health
Rossetto, Di use external professionals
Tella, Alemanno, aids. Reality
Cimino, Binetti, orientation
lannaccone, therapy,
Bramanti, Cappa reminiscence
& Cotelli (2020) therapy,
paper and pencil
exercises and
metacognitive
training
Law, Mok & Waitlist N/A N/A N/A N/A N/A

Yau,(2019)
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Oh, Seo, Lee, FitBrains or Waitlist (unsure) Concentration, 40 (5 days a week  (15-20 minutes) Computerised but  Touch Screen
Song & Shin Speed, Memory, for 8 weeks) - Smartphone
(2018) Visual, Logic Participants are
asked to complete
each task twice
due to the task
being shorter than
SMART.
Hughes, Flatt, Fu, Healthy Aging Education Group-based.
Butters, Chang, & Program (HAEP) + Jeopardy
Ganguli (2014) tournament to match Wii Group
Gagnon & Traditional Computerised Attention 6 sessions over 1 hour Computerised Keyboard and
Belleville (2012)  Cognitive Training with a fixed two weeks Computer
rule
Hagovska & Physical activity only which is Daily for 10 30 minutes Supervised
Nagyova (2017) provided to the intervention group weeks
as well.
Weng, Liang, Mental leisure activities (MLA) Simulate 8 weeks 2 times/week for Researchers or Face to Face
Xue, Zhu, Jiang, participants' 40-60 min community
Wang, & Chen everyday mental workers conduct
(2019) activities activities

Note: The effect sizes were not extracted directed from the reviewed RCTs. The effect sizes were derived from the mean, standard deviation, and sample size between

intervention and control groups post-intervention.
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Discussion

The initial plan for the review was to conduct a meta-analysis

to ascertain the efficacy of CCT interventions on improving ADLs

among MCI individuals. Statistically, the reviewed studies showed

strong homogeneity. However, due to large variations in the

assessments used, the intervention methodologies and characteristics,

it was determined that a narrative synthesis might be a more

appropriate approach to answering the two aims.

The review's key findings suggested that single-domain

interventions focused on ‘speed of processing’ showed the biggest

improvement in ADLs compared to controls. The review also showed

tentative evidence of strong effect size for multi-domain CCT

interventions. However, the amount of evidence (one of out seven

studies) from the review warranted further research before a

conclusion could be made. The adaptiveness of intervention was most

common, but more studies were warranted before any conclusion

could be made on the feature’s contribution to CCT efficacy. Finally,

preliminary evidence suggested group features within CCT

intervention could enhance CCT efficacy at improving ADL among

MCI individuals. All the reviewed studies looked at ADLs secondary
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outcomes and were measured using a variety of ADL assessments.

The following section served to further elaborate on the findings

observed from the synthesis.

Findings of the Narrative Synthesis

Target Cognitive Domains

The reviewed studies showed that the three studies that aimed

to improve processing speed showed positive effect sizes compared

to other cognitive domains such as attention or executive

functioning. Targeting speed of processing could improve global

cognition as suggested by the 'speed of processing theory', which

posited that the generalised slowing of cognition is the fundamental

reason for cognitive decline (Birren, 1974). Additionally,

improvement in processing speed has been associated with ADL

(Ball, Edwards & Ross, 2007).

On the other hand, CCTs targeting executive functioning and

attention showed poor efficacy compared to the control groups. There

is a lack of evidence examining CCTs targeting executive

functioning/attention to improving ADL/participation. Interestingly,

previous research has linked attention with processing speed

(Tunnerman, Petersen & Scharlau, 2015). In their CCT study, Burge
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and colleagues’ (2013) showed that processing speed training

improved the attentional domain. This could suggest interventions

that target processing speed could also be training attention. Hence,

the poor efficacy of attentional training in the current review does

not suggest that attention does not improve ADL/participation.

Furthermore, Peers and colleagues (2018) study suggested that both

spatial and non-spatial aspects of attention could benefit functional

recovery in stroke rehabilitation. Additionally, EF has been closely

associated with attention. Hence, more studies are still warranted

regarding attention and EF as viable targets for CCT intervention

effects on ADL/participation measures.

Adaptiveness

As for the second aim, task adaptiveness was a common

characteristic used in many reviewed RCTs. Adaptive learning

ensures continuous and optimal performance for individuals by

minimising the difference between actual and target performance

(Shute, Ke & Wang, 2017). Six studies adopted adaptive features,

but only three studies showed positive effects of CCT with improving

ADL/participation. Various studies have shown the effectiveness of

adaptive training programs, either in education or
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neurorehabilitation, over non-adaptive programs (Smith et al., 2009;

Pedulla et al., 2016; Hooshyar, Yousefi & Lim, 2017).

On the other hand, one study argued against adaptive

learning' efficacy. Colom and colleagues' (2013) study stated that the

adaptive working memory task does not improve fluid intelligence,

on a psychological construct level, significantly. Previous research

showed a strong association between working memory and fluid

intelligence (Fukuda et al., 2010). However, it could be argued that

the ineffectiveness of adaptive training in Colom and colleagues

study could be due to the lack of generalisation of the trained tasks

to fluid intelligence.

In the context of the present review, if implementing adaptive

learning increases the effectiveness of an intervention, there should

not be sizeable observable variability in CCT efficacy. Granted, other

confounds like intervention type or measures used in the reviewed

studies could explain the variable efficacy.

The variability in efficacy could also be due to how

adaptiveness was defined. Wilson and colleagues (2019) posited 85%

as the optimal training accuracy to facilitate training based on their

results from machine learning. The 85% accuracy for optimal
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learning was known in Psychology and Cognitive Science, with

experiments commonly designed to produce the same level of

accuracy (Garca-Perez, 1998; Kumar, Packer & Koller, 2010).

Arbitrary difficulty level (e.g., easy, medium and hard) could not

capture optimal performance for individuals that Wilson and

colleagues posited. On the other hand, this fine level of adaptiveness

might not be necessary for CCT. Lin and colleagues' study observed a

relatively strong positive effect size in improvement in

ADL/participation using Posit Science, which employed set

difficulties. Future studies comparing the different types of

adaptiveness mentioned could be interesting and helpful to

distinguish their effectiveness as a CCT element.

Social Components

Two reviewed RCTs that included social components showed a

small to medium positive effect size for CCT compared to a control

group. However, the social components were encouraged differently

in these studies. Hughes and colleagues (2014) used group learning

and competition, while Djabelkhir and colleagues (2019) used

feedback and group discussion at the end of each training session.

The findings are consistent with previous research that suggests the
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lack of social contacts among older adults is a significant modifiable
factor influencing ADL deterioration and QoL (Chang et al., 2017;
Cintra et al., 2017; Cwirlej-Sozanska et al., 2019). A cross-sectional
study supported the notion that social participation in recreational
activities could delay the onset of ADL deterioration associated with
ageing (Rubio, Lazaro & Sanchez-Sanchez, 2009). Yates and
colleagues (2017) suggested that poorer social functioning mediated
increased depression and the rate of MCI conversion to dementia
among older adults.

Given the quality and a small number of studies that had
social components, the findings are tentative. Hence, more research
is needed to ascertain the causal and mediating relationship between
social functioning, depression, ADL and MCI. In the context of
intervention, it is essential to clarify the roles of each factor to allow
researchers to create a more focused and effective intervention.
Motivation

The social component implemented by Hughes and colleagues'
study could also serve a secondary purpose, motivation. In stroke
rehabilitation, higher degrees of motivation were associated with

better ADL performance among individuals with stroke and increased
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QoL (Lee & Kim, 2014; Haghgoo et al., 2013). As mentioned

previously, a negative association was observed between ADL

impairment with QoL (Edemekong & Bomgaars, 2017), increasing the

risk of late-life depression (Lin et al., 2014). Older adults with

depressive symptoms often exhibit difficulties with motivation,

retaining interest and generalised fatigue when participating in

physical activities (Knapen et al., 2009). Participants in Hughes and

colleagues' study played interactive games in groups of 3-4 members,

and the groups competed in a 'Wii tournament' every ten weeks. The

set-up aimed to promote social interaction between participants.

However, it could also enhance motivation and interest via

competition.

Anderson-Hanley and colleagues' (2011) study on exergaming

showed a significant group effect for levels of competitiveness. The

authors suggested that participant competitiveness served as a

moderating factor that maximises participation effort (i.e.,

motivation). The competitive element could address the motivation

and interest issue individuals with MCI may encounter due to ADL

deterioration. Therefore, inference can be made that increased

motivation through competitive elements could also promote
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intervention adherence. This could lead to increased ADL

participation and thereby increasing the QoL among individuals with

MCI. Hence, future research could consider the promotion of

motivation among older adults as an additional factor in CCT

intervention.

Outcome Measures used

Current methodological structure and outcome measures used

in CCT studies have focused on assessing cognitive outcomes using

domain-specific cognitive measures. Specific cognitive measures like

verbal fluency and digit span tasks (Sood et al., 2019) were

commonly used in CCT and might be more sensitive at showing any

cognitive gains from the intervention. Therefore, a more specific

ADL measure like the Timed IADL might be more sensitive to

possible functional gains from CCT.

The present review showed reviewed studies that employed

more ecologically valid measures of ADL/participation (e.g.,

TimedlADL or Bristol Activities of Daily Living Scale) reported

higher CCT efficacy. Indirect but validated measures like the one

used by Djabelkhir and colleagues might not accurately assess the

outcome of interest. However, the findings of the review are tentative
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at best due to the large variability. Nonetheless, future research

could consider using more 'direct' and specific measures of

ADL/participation in CCT.

Interpreting the Low Effect Size Observed

Two aspects need to be considered when interpreting the low

effect size observed in the reviewed studies. The first being that MCI

individuals typically do not have gross difficulties with living

independently. The impairment in ADLs was typically in the realm of

complex ADLs like paying bills, taking medication or using public

transports (Tabert, Albert & Borukhova-Milov, 2002; Pereira et al.,

2010). This could potentially cause a ‘ceiling effect” when basic

ADLs were assessed, leading to small or no effect size observed.

Secondly, MCI individuals might not be aware of any ADL

difficulties. This could be in relation to the reason stated above (i.e.,

do not experience gross difficulties with independent functioning).

Alternatively, researchers had also suggested that MCI individuals

have a tendency to overestimate their cognitive ability and were

unaware of their impairments in everyday functioning (Fragkiadaki et

al., 2016; Steward, Bull & Wadley, 2019). Therefore, it could be

hypothesised that they would be less aware of any errors made when
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during complex tasks, which could be reflected in possible inflated

self-reports of IADL functioning. Hence, any improvement or

reduction in ADL performance might be difficult using self-reports.

Taking the two points mentioned above, future studies on CCT

could implement more objective, performance-based measures of

ADLs like ‘TimedIADL’ or informant-based measures like the

‘Functional Capacities for Activities for Daily Living Scale’. Future

studies comparing these measures with self-report measures used

among MCI and cognitively healthy older adults might provide

further evidence on the most appropriate measures to detect IADL

changes post-intervention. Alternative, a proxy task like the Multiple

Errands Test (Shallice and Burgess, 1991) that measured executive

functioning, could be used as the cognitive process has been

intrinsically linked to IADL (Nguyen et al., 2020). This could be a

crucial aspect that needed to be considered before CCT interventions

could be assessed for their efficacy.

Strengths and Limitations

A strength of the present review was that the current study

provided further details on the specific intervention elements that

could be improved to increase the robustness of the findings. The
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present review has identified possible features that were worth

further investigating, like adaptiveness and cognitive targets.

The present review also has limitations that need to be

considered when interpreting the data. Having only 20% of the

studies subjected to a second reviewer might not have maintained the

reliability and validity of the present review's results. Involving a

second reviewer throughout the entire review process could have

improved the robustness and reliability of the review methods.

Additionally, a narrative synthesis was determined to be more

suitable due to the large variability observed in the characteristics of

the studies. The review included a wide range (direct/indirect) of

measures to assess ADL/participation in the RCTs. The 'indirect'

measures might not accurately assess ADL/participation compared to

'direct' measures like Timed IADL. Including only 'direct’ measures

of ADL/participation could have improved the validity of the review.

Some limitations of the included studies were observed. The

number of participants in the reviewed studies was relatively low,

which seems typical of cognitive intervention studies. The relatively

low numbers and large variability in intervention methodology mean
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that it is difficult to reliably conclude the efficacy of CCT

intervention for older adults with MCI.

There is a query about the validity of the ADL assessment

used by the reviewed studies. Timed IADL objectively evaluates an

individual's ADL performance (Owsley et al., 2002). In contrast,

brief self-report questionnaires such as the ones used by Djabelkhir

and colleagues may not be as valid or sensitive to ADL changes. The

variation in outcomes could therefore bring into question the 'true’

efficacy of CCT. Standardised questionnaires and objective measures

of ADL would need to be considered, validated, and implemented,

similar to how cognitive measures were chosen for intervention

studies.

Despite setting the inclusion criteria for the present systematic

review to include studies from the year 2000 to the present, only 11

studies met the criteria of an RCT looking at ADL/participation in

CCT for older adults with MCI. This could suggest that MCI research

on CCT has been less focused on ADL as an outcome. The low

numbers of RCTs available highlighted the need for more studies

focusing on this particular area.
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Additional Future Research

Within the reviewed studies, there were various methods by

which researchers classified MCI. A future study could investigate

the possible differences in ADLs between psychometrically defined

MCI and MCI definition based on previous research by Petersen et al.

(1997) and Albert et al. (2011). It was difficult to reliably conclude

if the features adopted in the interventions helped with improving the

intervention’s efficacy. Hence, future studies could assess the

efficacy of the different features observed within the current review

like adaptiveness, social components and number of sessions. One

example was looking at the feature ‘adaptiveness’ and investigating

if the different adaptiveness mechanisms provided varying levels of

improvement to intervention efficacy. The studies in the review

currently employed a range of measures (e.g., self-reports or

performance-based ADL). Therefore, the measures used might not be

appropriately sensitive to detect changes in ADL among individuals

with MCI. Hence, a potential research study could determine the

measures most appropriate to detect ADL changes among MCI

individuals.
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The reviewed studies methodologies were evaluated using

Cochrane’s Risk-of-Bias tool to be of moderate quality. However, the

findings above highlighted the variable characteristics of CCT

methodologies, making it difficult to determine the effectiveness of

CCT interventions reliably and the features associated with better

outcomes. Due to the variability in study characteristics, caution was

still needed when interpreting the data despite being of moderate

quality. Hence, it would be necessary for future intervention studies

to standardise how MCI was classified, the intervention

methodologies/features and the outcome measures used. The

standardisation of CCT tasks and outcome measures used to assess

ADL could limit possible confounds and contribute to the sensitive

evaluation of CCT's efficacy against other forms of intervention.

Conclusions

Overall, the present review provided some narrative evidence

for CCT efficacy, provided certain features were implemented to

focus on training specific cognitive domains (i.e., speed of

processing). Additionally, several other possible elements observed

might contribute to CCT efficacy, such as the adaptiveness and the

possible role social and motivational components have in CCT
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efficacy. This suggested that emotional factors could play an integral

part in improving ADL in MCI through CCT. Nonetheless, more

research was necessary before a firm conclusion on CCT efficacy

could be reached. It was hoped that the present review could be seen

as a foundation for standardising elements/features that were

potentially useful for CCT to prevent deterioration in or improve

ADLs effectively.
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Chapter 3: Bridging Chapter

This concludes the first section of the thesis. The systematic

review findings provided evidence of a small yet positive effect size

of CCT improving ADL in MCI individuals. The review accumulated

and appraised the different methodologies that were used in the

reviewed RCTs. Interestingly, the review identified several common

cognitive domains that were intervention targets in high efficacy

RCTs. The empirical paper in the next section of the thesis aimed to

use stroke survivors to explore the cognitive domains that best

predict the quality of life.

Previous research had associated stroke with an increased risk

of dementia (Tatemichi et al., 1993; Pohjasvaara et al., 1998;

Sachdev et al., 2006). The association could be linked by the

commonality that both stroke and specific subtypes of dementia are

known to be caused by vascular-related deficits (Savva et al., 2009;

Vijayan & Reddy, 2016). By extension, vascular risk factors were

also associated with increased risk of MCI among older adults (Wang

et al., 2015). Additionally, previous research associated MCI with

post-stroke individuals (Sachdev et al., 2009; Pasi et al., 2012), and

the potential for reversibility was similarly observed in a percentage
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of stroke individuals with MCI (Rasquin, Lodder & Verhey, 2005).

Hence, the MCI status was not exclusive to dementia.

It was not clear if the MCI were of vascular origins in the

reviewed studies in the current review. However, given the possible

overlap in causal factors between MCI and stroke (i.e., vascular

factors), it would be interesting to compare the systematic review

findings with the empirical paper on the cognitive domains that best

predict the quality of life. It was hoped that the findings yielded from

the empirical paper on stroke survivors could be generalised to a

certain degree to the MCl/dementia population.
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Chapter 4: Empirical Paper

Secondary Data Analysis of Specific Cognitive Domains that Best

Predict Quality of Life

Prepared for submission to Journal of the International
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Abstract

Objective: Stroke is the second leading cause of death and accounts

for 10% of deaths globally. Quality of Life (QoL) is a parameter for

measuring the outcome of modern medicine and highly critical in

assessing the multifaceted impact of diseases like a stroke on an

individual's life. The study aimed to improve understanding of

cognitive processes associated with QoL among stroke individuals.

Methods: Participants (N=80) were stroke survivors recruited to a

separately reported trial of cognitive rehabilitation. QoL was

operationalised using the two measures, the EuroQol 5-Dimension 5-

Level Visual Analogue Scale (EQ5D-VAS) and European Brain

Injury Questionnaire Core subscale (EBIQ-Core). Cognition was

assessed using various tasks, including the Attention Network Test or

Theory of Visual Attention (TVA) Task. The data were analysed

using two hierarchical regression analyses.

Results: R? (variance) contributed by cognitive domains were non-

significant for EBIQ-Core and EQ5D-VAS model. EBIQ motivation

(Bp= .36, p<.05) and motivation (B= .61, p<.05) subscale were

significant independent predictors of EBIQ-Core. TVA spatial (B=

-.41) and non-spatial (p= .45) attention measures became significant
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predictors after removing the EBIQ motivation and depression
subscale. Additionally, the addition of non-spatial attention
predictors (R?=.17) contributed significantly to the model, F (2, 35)
= 4.53, p<.05. No variables contributed significantly to the EQ5D-
VAS model.

Conclusion: The results showed tentative support for non-spatial
attention contributed significantly to the EBIQ-Core model when
depression and motivation subscales were removed. Spatial and non-
spatial attention measures from the TVA task were significant
independent predictors of EBIQ-Core. Results and implications were
discussed.

Keyword: quality of life, stroke, cognitive training, cognitive

rehabilitation, non-spatial attention, hierarchical regression
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Secondary Data Analysis of Specific Cognitive Domains that Best

Predict Quality of Life

Stroke is a common medical health condition that is the

second leading cause of death globally (Truelsen, Begg, & Mathers

2006), accounting for 10% of deaths globally (Naghavi et al., 2017).

Individuals post-stroke are at higher risk of dementia (Leys et al.,

2005), depression and anxiety (Schottke & Giabbiconi, 2015).

Quality of Life (QoL) is an essential parameter for measuring

the outcome of modern medicine and highly critical in assessing the

multifaceted impact of diseases on an individual's life (Salter, Moses,

Foley & Teasell, 2008). Individuals with stroke were often affected,

with half of the stroke survivors having some form of physical,

psychological, and social functioning impairment (De Wit et al.,

2017). Some self-reported questionnaires, such as Stroke-Specific

QoL Scale (Williams, Weinberger, Harris, Clark & Biller, 1999) or

the 5-Level EQ-5D (Herdman et al., 2011), allowed more sensitive

and specific assessment.

QoL was significantly correlated with activities of daily living

(ADL) post-stroke (Van Mierlo et al., 2016). The relationship

between the two aspects was especially notable for instrumental ADL
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(TADL), which are more physically and cognitively demanding (van

de Port, Kwakkel, Schepers, Heinemans & Lindeman, 2007). Reduced

cognitive function, typically observed in stroke individuals, had been

associated with reduced capacity to perform ADL (Marshall et al.,

2011). While some stroke survivors might be able in 'basic ADL" like

dressing and eating, they might experience difficulties when it comes

to IADL, like paying the bills or taking public transport due to

deficits in executive functioning (EF) (Lipskaya-Velikovsky, Zeilig,

Weingarden, Rozental-1luz & Rand, 2018).

Executive and Attention Dysfunction

An impairment of EF is a critical neuropsychological

consequence of stroke (Shea-Shumsky, Schoeneberger & Grigsby,

2019) that typically occurs following damage to frontal areas or

systems. EF comprises an individual's ability to plan, organise, and

successfully execute goal-directed actions (Williams, Tinajero &

Suchy, 2017). EF serves as an essential future determinant of

functional outcome or ADL (Shea-Shumsky et al., 2019). Previous

research indicated that EF significantly contributes to IADL

functioning (Nguyen, Copeland, Loew, Heyanka, & Linck, 2020).

With deficits in EF, stroke survivors were more prone to depressive
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symptoms, resulting in poor prognostic outcomes (Bour et al., 2010)

and reduction in QoL (Kim, Liu, Nakaoka, Jang, & Browne, 2018).

Alongside EF, attentional impairment is a common feature in

stroke survivors. Attention is a cognitive component that mediates

other cognitive processes, and impairment in this domain is likely to

affect higher cognitive functions (Lezak, Howieson, Loring &

Fischer, 2004). Attentional impairment is a common feature in stroke

survivors associated with right hemispherical lesions (Karnath,

Rorden & Ticini, 2009). The impairment often manifests as spatial

inattention or visual neglect in which individuals with stroke would

neglect the left side of space (Halligan & Marshall, 1998).

Stroke Interventions and Targets for Intervention

Stroke survivors with spatial neglect report worse QoL than

non-neglect stroke survivors (Nys et al., 2006; Franceschini, La

Porta, Agosti & Massucci, 2010). Therefore it is often the focus of

rehabilitation where this deficit is present (Azouvi, Jacquin-Courtois

& Luaute, 2017). Rehabilitation for stroke survivors has been

focusing mainly on spatial inattention. There have been numerous

intervention studies evaluating spatial attention as a cognitive target

(Peers et al., 2018; Huygelier et al., 2020). However, Bowen and
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colleagues (2013) posited a lack of evidence for generalisable and

persistent gain from cognitive rehabilitation for neglect, such as

visual scanning, cueing, prism adaptation, or patching. Therefore,

current interventions targeting spatial aspects of attention might not

be as effective as previously thought to reduce the deficit or improve

QoL. Bickerton and colleagues (2015) observed that an individual’s

sustained attention helped predict better functional outcomes deficits

related to spatial attention. The authors suggested that functional

spatial attention deficits might be impacted directly by spatial

attention in addition to non-spatial attentional deficits that also

accompany right hemisphere lesions.

Deficits in sustained attention were frequently identified and

subjectively reported as an impairment after stroke (Barker-Collo,

Feigin, Lawes, Parag & Senior, 2010; Chen, Koh, Hsieh & Hsueh,

2009). Sustained attention has been known as a prerequisite for

motor recovery in stroke rehabilitation, and its deficits are often

associated with a reduction in QoL (Robertson, Ridgeway, Greenfield

& Parr, 1997). Past research has suggested that non-spatial attention

(e.g., sustained attention) in addition to spatial attention might need

to be targeted for successful rehabilitation (Husain & Rorden, 2003).
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However, it has been less focused as a target compared to spatial

attention.

Current evidence from a review suggested possible immediate

effects on alertness, selective attention and sustained attention

following cognitive stroke rehabilitation (Loetscher, Potter, Wong, &

das Nair, 2019). However, the authors argued that more research was

needed to generalise the effects on everyday functioning and QoL.

The present lack of evidence could be due to the shortage of studies

that focused on non-spatial attention as a target for cognitive

rehabilitation. Given the recent revival of interest and evidence on

non-spatial attention as a factor impacting stroke rehabilitation, it

would be necessary for more research to be done before another

review is carried on the evidence.

The present empirical study aimed to improve the

understanding of cognitive processes relevant to QoL among stroke

individuals to understand better which domains should be targeted in

cognitive rehabilitation to maximise the likelihood of improving

QoL. Specifically, it was posited that non-spatial attention might

play a role in QoL post-stroke more than other cognitive domains,

including working memory and spatial inattention. The study
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hypothesised that non-spatial attention, in which poorer performance

of the TV A variability task and Choice-Reaction Task variability,

could be correlated with lower QoL than other cognitive domains.

Secondly, non-spatial attention could account for a significant

amount of variance in an individual’s QoL.

Methods

Design

The study employed a correlational cross-sectional design.

The study conducted a hierarchical regression analysis on data

collected from an existing study. The data used was from the baseline

phase of a trial that looked at the effects of brain training on

improving people's attention and working memory (Peers et al.,

2021). The primary outcome for the analysis is QoL, operationalised

as the EuroQol 5-Dimension 5-Level Visual Analogue Scale (EQ5D-

VAS)(Herdman et al., 2011) and European Brain Injury

Questionnaire-Core Scale (EBIQ-Core) (Teasdale et al., 1997).

Participants

The data for the analysis was obtained from a total of 80 older

adults. The participants included in the analysis range between 20 —

65 years old. The participants mean age is 59.9. The inclusion
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criteria followed those of the preliminary study (Peers et al., 2021).

The study included participants: 1) who had a previous stroke

diagnosis, 2) able to give informed consent, and 3) having sufficient

language, motor function and general health to undertake training. In

some cases, assessments were conducted in participants’ own homes.

The original study did not state if participants with poor QoL (e.g.,

impaired ADLs) were included/excluded from the study.

Measures

Dependent variable

European Brain Injury Questionnaire (EBIQ). The EBIQ

consists of 63 items related to a wide range of everyday problems

affecting someone with brain injury (Sopena, Dewar, Nannery,

Teasdale & Wilson, 2007). These items were split into different

domains (i.e., cognitive, somatic, motivation, impulsivity,

depression, isolation, physical consequences, and communication).

The individual with brain injury and an informant who knows the

individual well completed the questionnaire. The items are recorded

with either 'not at all' (coded as '1'), 'a little' (coded as '2') or 'a lot'

(coded as '3"). Each item corresponds to a specific domain with a

ninth overall 'core' scale derived from each subscale's selected items.
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The ninth scale, EBIQ-Core, is one of the dependent variables used

for the analysis. The EBIQ showed significant and satisfactory test-

retest reliability (r = 0.55-0.90) in the brain injury group, family

members of the brain injury group and healthy controls (Sopena et

al., 2007).

QoL was conceptualised as self-reported overall contentment

across different life domains like physical well-being, social and

personal fulfilment (Burckhardt & Anderson, 2003). EBIQ was

designed and typically used to assess the subjective experience of

cognitive, emotional and social difficulties of individuals with brain

injury (Sopena et al., 2007). Therefore, EBIQ could be considered an

appropriate measure of QoL and had been considered a useful

assessment of health-related QoL for brain injury (Nichol et al.,

2011). Hence, EBIQ scores of stroke survivors were used instead of

the informants’ score. The statements in the EBIQ were written,

which asked individuals the difficulties they experienced with daily

functioning across different domains (e.g., Having to do things

correctly or needing to be reminded about personal hygiene). Lower

scores denoted better everyday functioning.
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5-Level EQ-5D version (EQ5D-5L). The EQ5D-5L is a

guestionnaire designed to measure QoL consisting of five dimensions

(i.e., mobility, self-care, usual activities, pain/discomfort, and

anxiety/depression). Individuals are instructed to indicate the degree

of problems in those dimensions. A single visual analogue scale (0 —

100), the dependent variable used for the present analysis, indicated

the participant's subjective perception of health state and was used in

the present analysis as a dependent variable of QoL. The EQ5D-VAS

showed moderate to strong (0.35<r<0.75) convergent validity to the

EQ5D-5L dimensions and other measures of stroke such as the

Modified Rankin Scale for Neurologic Disability and Barthel Index

(Golicki et al., 2015a). The EQ5D-5L is an assessment tool that was

designed to assess QoL. However, as the outcome of the EQ5D-5L is

a profile score, it is difficult to implement the outcome into a

hierarchical regression. Hence, the EQ5D-VAS was implemented as a

measure of QolL.

Control Variables

Demographic Data. Variables collected like age, sex and

lesion side were included as controlled variables. Additionally, the
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EBIQ depression and motivation subscale was included as part of the

controlled variable.

National Adult Reading Test (NART). The NART is a 50-

item single oral test that requires individuals to pronounce a given

word (Nelson & Willison, 1991). The presented words are irregular,

which meant that intelligent guess would not provide correct

pronunciation. This allows assessors to measure an individual’s word

knowledge. The test only requires reading single words and would

therefore require minimal current cognitive capacity. The test is

most widely used to estimate premorbid ability (Johnstone, Owens &

Lawrie, 2010).

Cattell Culture-Fair Test. The Cattell Culture-Fair test is a

non-verbal test designed to measure intelligence presented with

minimum use of language (Smith, 1970). The test aims to measure an

individual’s fluid intelligence. The test has a strong construct

validity based on factor analysis (Cattell, 1978).

Independent Variables

Automated Working Memory Assessment (AWMA). The

AWMA is an assessment that measures short-term verbal memory

through non-word recall (Alloway, 2007). The assessments used for
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the analysis are the dot-matrix task (visual-spatial short-term

memory) and spatial recall (visual-spatial working memory) task.

Two composite scores were created with the OCS-BRIDGE digit span

forward and backward tasks. The composite scores: working memory

(i.e., spatial recall and digit span backwards) and working memory

capacity (i.e., dot matrix and digit spans forward) are used for the

regression analysis.

Attention Networks Test (ANT). The ANT is a cognitive

measure that independently assesses the efficiency of the three

attention networks (i.e.. alerting, orienting, and executive attention)

using a quick and simple computerised task (Fan et al., 2002).

Participants would indicate if the central arrow that is flanked by

four arrows (two arrows on each side) is congruent (i.e., pointing in

the same direction as the four arrows, incongruent (i.e., point in the

opposite direction) or neutral (i.e. only the central arrow is present

or flanked by four horizontal lines). Either one of three types of cues

(centre cue, double cue, spatially informative cue) or no cues would

be given before the appearance of the arrows. The centre and double

cues indicate that the stimulus would occur soon. The spatially

informative cue (i.e., appearing either above or below the centre of
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the screen) shows where the stimulus would appear. The task

measures participants’ response time (i.e., time taken between the

appearance of stimuli and participant pressing the key) and accuracy

(i.e., the number of correct responses) in congruent, incongruent, or

neutral task.

The current study is interested in the ability of an individual

to ignore distracting stimulus. Specifically, the proportion of correct

response in the 3T condition and the 6T condition with the 3T3NT

condition using the formula: a ' = (pcorr3T + pcorr6T)/(2 %

pcorr3T3NT). A higher o’ value shows poorer attentional control.

Theory of Visual Attention (TVA) Task. The TVA task

assesses an individual’s visual attention and ability to select and

encode visual stimuli into short-term memory. One or more letters

were flashed on the computer screen for a specific time. The stimuli

disappear, and pattern masks appear, aiming to erase the visual

afterimage and precisely control when the stimuli are available for

processing. Participants were instructed to identify and report the

presented letters but were cautioned against guessing the letters

(Habekost, 2015). The TVA task looked at participants’ accuracy at

identifying the target stimuli on either the left or right side of the
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screen. It is operationalised as increased scores on one side meant

increased spatial bias. The data extracted is the relative reduction in

performance between the 3T and 6T conditions for items presented

on the left versus right sides of space, using the following formula:

Absolute spatial bias=ABS 0.5- ( (pcorr 6Tleft/pcorr3Tleft)

(pcorr6Tleft/pcorr3Tleft) + (pcorr 6Tright/pcorr3Tright) )

Additionally, an additional measure of variability in

performance was derived. The variability in performance was

suggested to indicate poor sustained attention, which was also linked

to poor spatial awareness (Stuss et al., 1989). This is defined as the

coefficient of variation (standard deviation divided by the mean) of

correct letter reports from the 6T condition. The larger the

variability, the more indicative of poor sustained attention.

Oxford Cognitive Screen (OCS)-BRIDGE. The OCS-

BRIDGE assessed five domains (i.e., attention and executive

function, language, memory, number processing, and praxis). The

OCS is designed to test deficits in the stroke population (Demeyere,

Riddoch, Slavkova, Bickerton & Humphreys, 2015). The tasks were
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designed to allow participants to complete them using one hand to

reduce any overall impact of commonly found upper limb weakness.

The screen can be administered within 15 minutes. The OCS consists

of ten tasks that were administered following a pre-determined order.

For the current analysis, only the data on the broken-heart task and

digit spans forward/backwards were used as part of the analysis. The

task requires participants to cancel out ‘complete hearts’ only while

avoiding crossing any ‘Broken’ hearts in three minutes. Space

asymmetry scores are computed by subtracting the number of hearts

cancelled in the four left-most blocks from the number of hearts

cancelled in the right-most four blocks. A positive score could

indicate the participant has cancelled more right-side hearts than the

left side and shows left egocentric neglect (neglect of the left side of

space) and vice versa.

Choice Reaction Time Task (CRT). The CRT is a two-choice

reaction time task that assesses alertness and motor speed. The task

provides two possible stimuli and two possible responses. An arrow

is displayed on either the left or right side of the screen. Participants

are instructed to press the left or right button, depending on where

the stimulus is displayed. The task looks at the accuracy (i.e., the
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percentage of correct over total) and participants' reaction time to the

stimuli. The current analysis looked at the coefficient of variation

(standard deviation divided by the mean) of correct stimuli response.

The larger the variability, the more indicative of poor sustained

attention.

Statistical Analyses

Data Cleaning Prior to Inferential Data Analysis

The variables were tested for homoscedasticity, normality,

skewness, kurtosis, and collinearity. Data were checked for outliers

and whether the data was normally distributed to ensure a reliable

and valid analysis. Outliers could potentially inflate results.

However, it has been argued that the external validity of the results

might be reduced by removing outliers. Southworth (2012) suggested

that the data point be included if outliers do not affect study results.

Additional analysis compared non-transformed data versus

transformed data (refer to Extended Results Chapter). Data that does

not fit into a typical distribution pattern and skewed were

transformed. Normality and skewness were assessed after the

variables were transformed. Collinearity was assessed for each

variable before outliers were removed. The comparative analysis
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showed no observable difference between ‘cleaned’ (i.e., transformed

data with outliers removed) and raw data. Hence, the present study

chose to analyse the raw data without removing outliers or

transforming the data.

Hierarchical Regression Analysis

Stepwise hierarchical regression was carried out for each

dependent variable (EBI1Q-Core and EQ5D-VAS). Socio-demographic

(i.e., age and gender) and clinical control variables (i.e., mood and

general intellectual functioning) were entered into the first stage of

the hierarchical regression analyses. The independent variables were

entered into stage two, three and four. Cognitive domains relating to

top-down control and working memory were entered in the second

stage. The third step of the regression model included measures of

spatial attention, and stage four included non-spatial attention

measures. The level of statistical significance was set at 0.05.

Results

Descriptive Statistics

The descriptive statistics of the data could be seen in Table 1.

Based on the data, 50 of the participants were male, and the lesion

side was approximately equal between the left and right groups: left
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side (35), right side (28) and bilateral (15). The NART score (mean =

33.02, standard deviation = 8.57) and Cattell score (mean = 26.29,

standard deviation = 6.55) suggested that participants had an average

premorbid cognitive ability. It was observed that the control

variables (i.e., NART, Cattell, EBIQ Motivation and Depression) had

values across the spectrum.

The EBIQ-Core and EQ5D-5L-VAS were used as dependent

variables for QoL. The EQ5D-VAS mean is 71.49, suggesting that

participants perceived their health as positive on average. Similarly,

the EBIQ-Core has a mean of 1.66 (1 = not at all, 3 = a lot),

indicating that participants rated their functioning between

‘unimpaired’ and ‘slightly impaired’. The range of the EQ5D-VAS

was 9 — 100 (100 = perfect health), and the EBIQ value ranged

between 1 to 2.6 (1 = not at all, 3 = a lot) suggested participants

ratings and perceptions of their health ranged across the spectrum.



Table 1

Descriptive Statistics for the Sample Characteristics including Performance in Various Cognitive Performance
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Variables N % Mean Standard Deviation Range No. Missing Data (%0)
Sex -

Male 50 62.5

Female 30 37.5
Lesionside 2 (2.5)

Left 35 43.75

Right 28 35

Bilateral 15 18.75
Age 59.9 14.5 20 - 85 -
NART 33.02 8.57 7-50 14 (17.5)
Cattell 26.29 6.55 11-41 5 (6.25)
EBIQ Motivation 1.66 0.45 1-26 -
EBIQ Depression 1.58 0.45 1-3 -
TopDownControl 1.2 0.25 0.81-2.64 -
Digit Span Forward 6.05 1.19 3-8 16 (20)
Digit Span Backward 4.33 1.31 2-8 16 (20)
Dot Matrix 21.58 5.55 7-35 1(1.25)
Spatial Recall 15.53 5.25 3-29 2 (2.5)
Working Memroy 8.14 3.05 0.763 - 17 -
Working Memory Capacity 1.42 1.99 -3.12 - 6.67 -

105



TVA Absolute Bias
Oxbridge Cancellation Task

TVA variability
CRT Variability
EQ5D-5L-VAS
EBIQ-Core

0.09
0.06
0.35
0.36

71.49
1.66
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0.09 0.002 - 0.36 2 (2.5)
0.13 0-1 1 (1.25)
0.15 0.11-0.94 -
0.22 0.15 - 1.62 2 (2.5)
20.73 9- 100 -

0.34 1-26 -
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Correlation Matrix

Given the varying types of data used, three different types of

correlation tests were used. Pearson correlation coefficient was used

between two continuous variables. A Pearson's point-biserial

correlation was conducted in SPSS to assess the association between

the two categorical variables (i.e., sex and lesion side) with

continuous variables (e.g., Age, NART, TVA tasks). Cramer’s V, a

statistical correlation that measured the association between two

categorical variables when more than two levels were within one

variable, was conducted for sex and lesion side variables. Finally, a

Pearson chi-square was used to assess the significance between the

two variables (i.e., sex and lesion side). Table 2 showed the

correlation matrix for dependent and independent variables.

As expected, the two working memory composite scores and

the variables from which the variables were derived were

significantly correlated. The TVA tasks (i.e., TVA Variability and

Absolute Bias) were significantly correlated with the EBIQ-Core.

Similarly, the EBIQ-Core was significantly correlated with the

depression and motivation subscale, from which the variable was

partly derived. Additionally, the EBIQ-Core was observed to be
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significantly correlated with the EQ5D-5L-VAS. Analysis of

collinearity (i.e., tolerance and VIF values) suggested no collinearity

issues (Refer to Extended Results Chapter).
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Table 2

Correlation Matrix for Both Independent and Dependent Variables

Sex Lesion Lesion Lesion Age NART Cattell EBIQ EBIQ Top-Down Dot Matrixx Spatial Digit Span Digit Span Warking Waorking TVA Oxbridge TVA CRT EQ5D-6D- EBIQ-Core
LeftVSOthers RightVSOthers BilateralV's Motivation Depression  Control Recall Forward ~ Backward Memory Memory Absolute  Cancellation Vanability Vanability VAS
Others (Composite) Capacity Bias Task
(Composite)

Sex -
Lesion Side (all) 0.109

Lesion LeftVSOthers 0.107

Lesion RightVSOthers-0.088  -675 -

Lesion 0028 -440 -365 -

Bilateral\VSOthers

Age 0.107 0.076 -0.001 -0.094 -

NART 0.052 -0.131 0.062 0.087 0132 -

Cattell 0160 0.016 -0.198 0.229 -354 0169 -

EBIQ Mativatian 0131 0182 0.033 -269 0070 -0.0s6 0138 -

EBIQDepression  -0.136  0.079 -0.031 -0.062 0105 0103 -0.020 497 -

Top-Down Contral ~ 0.067 0.066 -0.027 -0.050 0.128 0.149 0082 -0082  -0.192 -

Dot Matrix 0.045 0.035 -0.094 0.070 -305 0.027 500 0176 -0.054 374

Spatial Recall 0.140 0.169 -.262 0.104 393 0.021 655 -0.151 -0.029 -328 673 -

Digit Span Forward ~ -0.048 - 281 0.167 0.158 0140 0089 0173 0.003 -0.078 -260 0.018 0145 -

Digit Span Backward -0.060  -0.094 -0.004 0.127 -0.057  -287 0025 0121 0024 0106 0.160 0.064 4297

Working Memary  0.061 0.023 0124 0.124 -323 0219 439 0140 -0.009 0181 831 736 0.183 723

(Composite) . . . . . . .

WorkingMemaory ~ -0.026  -0.204 0.104 0.136 -.385 0158 0214 0100 -0.076 -430 705 357 722 429 510

Capacity (Composite)

TVA Absolute Bias ~ -0.090  0.013 0113 -0.152 -0.050 0226 273 0.100 0113 0029  -0102 0177 0052 0042 -0.115 -0.138 -

Oxbridge Cancallation 0.077 -0.224 305 -0.092 0.037 0157 -344 0.013 -0.076 0.001 -.240 0216 0064 0009  -0.165 -0.178 -0.003

Task

TVA Variability 0.184 0.073 -0.021 -0.066 0.050 -.281 -308 0.200 0.132 0.209 298 -392 0043 0.040 -0.242 -0.202 0.220 0134
CRT Variability 0.098 0.023 0.005 -0.036 287 -0.084  -397  0.163 296 0009 -346 - 367 0.025 -0.006  -204 -307 0.021 217 286 -
EQSD-5D-VAS 0.081 0.052 -0.036 -0.022 0.058 0077 003  -396  -282 0.051 0.093 0.168 0219 0.099 0.208 -0.076 0.035 0.012 0190  01% -

EBIQ-Care 0128 0.100 -0.0489 -0.066 0133 -0.036 -0.015 679 813 -0.130 -0.028 -0.084 -0.102 -0.109 0118 -0.062 -0.093 -0.006 266 253 500
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Note. Composite variables are labelled with (composite). The value in bold within the ‘Lesion Side’ row is the Cramer’ V correlation coefficient with the variable ‘sex’.

Categorical variables (Age and Lesion Side), Pearson’s Point-Biserial Correlation were automatically used in SPSS to calculate the correlation between a continuous

variable and a binary correlation. Correlation denoted with ** or * are significant at the 0.01 or 0.05 level, respectively (2-tailed).
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Main Analysis

EBIQ Core

A four-stage hierarchical multiple regression was conducted

with EBIQ Core as the dependent variable. Age, Sex, Lesion Side,

NART, Cattell, EBIQ Depression and Motivation were entered at

stage one of the regressions to control the variables’ impact on

cognitive performance. Cognitive domains related to memory and

decision-making/planning (i.e., working memory and top-down

control) were entered at stage two. Cognitive performance relating to

spatial bias/inattention (i.e., Bias) was added in stage three. Finally,

non-spatial attention (i.e., sustained attention) was entered into stage

four. The variables were entered in order based on previous research

on QoL and cognitive domains (Table 1).

The hierarchical multiple regression revealed that at stage

one, the variance accounted for by the control variables was = 0.77,

which was significantly different from zero, F (9, 40) = 15.04,

p< .05). Two control predictors were statistically significant in the

model: EBIQ motivation, p= .29, p<.05 and EBIQ Depression,

B= .47, p<.05.
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In stage two, the cognitive domains related to memory and

decision-making were entered into the regression equation. The total

variance accounted (R?) for by the addition of the cognitive domains

equalled 0.79. The ‘change in variance accounted’ (AR?) for was

equal to .015. The AR? was not significantly different from zero F

(3,37) = .89, p =.45. None of the added predictors was statistically

significant.

Adding spatial cognitive domains to stage three of the

regression model accounted for 0.79 of the total variance. The AR?

from the addition of the spatial cognitive domain equalled to .007.

The AR? from the addition of stage three was not significant, F (2,35)

= .6, p =.56. None of the added spatial cognitive predictors was

statistically significant.

Finally, the addition of non-spatial cognitive domains to stage

four of the regression model accounted for .82 of the total variances.

The AR? from the addition of stage four equalled.022, and the change

in variance was not significant F (2,33) = 1.93, p=.16. When all

predictors were included in stage four, the overall model was

significant, F (16,33) = 9.14, p<.05. EBIQ motivation and
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depression remained the only statistically significant predictor,
B= .36, p<.05 and B= .61, p<.05, respectively.

The adjusted R? value in stage two and three went down,
which suggested that the predictors in both stages do not
meaningfully contribute to the model. A larger AR? change was
observed for the non-spatial factors (Stage 4) than other cognitive
domains, although the AR? was not significant. The standardized
regression coefficients (f), R?>, R? Adjusted and AR? for the EBIQ

Core’s full model are reported in Table 1.
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Table 3

Predictors of EBIQ Core with regression coefficients (8), R?, R?

Adjusted, 4R? AR? Adjusted.

Stage Predictors B R? R? AR? AR?
Adjusted Adjusted
1 Sex -.04 77 72 a7 .73
Age -.05
NART 14
Cattell .04
EBIQ .36*
Motivation
EBIQ 61*
Depression
Lesion Side .01
(bilateral)
Lesion Side -.07
(right)
Lesion Side -.06
(missing)
2 Top-Down -.02 .79 72 .02 -.003
Control
Working -.09
Memory
Working .08
Memory
Capacity
3 TVA Absolute -.13 .79 71 .007 -.006
Bias
Oxbridge .07
Cancellation
Task
4 TVA Variability .20 .82 .73 .02 0.02

CRT Variability -.02

* p<0.05
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EQ5D-VAS

The same four-stage procedure was conducted with EQ5D-

VAS as the dependent variable, with all other variables entered in the

same way as described above. The regression statistics are in the

table below Table 2.

The hierarchical multiple regression revealed that at stage

one, the variance accounted (R?) for by the controlled predictors

equalled to .21, with the variance being non-significant, F (9,40) =

1.18, p=.33. EBIQ motivation subscale was statistically significant in

the model, p= -.39, p<.05.

Adding the cognitive domains (i.e., memory and decision-

making) accounted for .32 of the total variance. The AR? equalled .11

and was not significantly different from zero F (3,37) = 2.04, p

=.126. The AR? was equal to 0.077. None of the added predictors

was statistically significant.

Spatial attention in stage three of the regression model

accounted for 0.32. The AR? equalled .002 and the change in the

variance was not significant, F (2,35) = .06, p = .94. None of the

added spatial cognitive predictors was statistically significant.
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Finally, the addition of non-spatial cognitive domains to stage
four of the regression model accounts for 0.354 of the total
variances. The AR? for non-spatial predictors in EQ5D-VAS
equalled .03 and were not significant, F (2,33) = .77, p=.47. When
all predictors were included in stage four of the regression model, the
overall model was not significant, F (16,33) = 1.13, p=.37. EBIQ
motivation, the controlled predictor, which was statistically
significant in stage one, became non-significant, p= -.35 p=.055.

The adjusted R2 value in stage three and four went down,
which suggested that the predictors in both steps do not meaningfully
contribute to the model. A larger R2 change was observed for
cognitive variables related to memory and planning (stage two)
compared to other cognitive domains. The standardized regression
coefficients (8), R?, R* Adjusted and AR? for EQ5D-VAS hierarchical

model were reported in Table 2.
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Predictors of EQ5D-VAS with regression coefficients (B), R?, R?

Adjusted, 4R? AR?Adjusted.

Stage  Predictors B R? R? AR? AR?
Adjusted Adjusted
1 Sex .009 .21 .03 21 .03
Age -.020
NART -.071
Cattell -.25
EBIQ -.35
Motivation
EBIQ -.09
Depression
Lesion Side -.14
(bilateral)
Lesion Side -.08
(right)
Lesion Side .08
(missing)
2 Top-Down -.07 .32 .10 11 0.07
Control
Working .38
Memory
Working -.36
Memory
Capacity
3 TVA .037 .32 .05 .002 -0.05
Absolute
Bias
Oxbridge -.020
Cancellation
Task
4 TVA -.13 .35 .04 .03 -0.01
Variability
CRT -.16
Variability

Secondary Data Effect Size and Power Calculation

The present study used secondary data, a post-hoc calculation,

looking at the effect size (Cohen’s f?) and power achieved from the

multiple linear regression model based on R? increase after each
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subsequent step was conducted. The effect size calculated for the R?
increase was calculated using the formula: 2= (R?in)/(1-R?inc), Where
RZinc Was the increase in R? for the set of predictors over another set
of predictors. The cut-off values for the effect size were: 0.02
(small), 0.15 (medium) and 0.35 (large). The calculated effect sizes
for non-spatial cognitive variables (stage four) for the EBIQ-Core
and EQ5D-VAS model were .02(small) and .03 (small), respectively.
Power analysis was completed using the G* Power software package.
The parameters used were: effect size = 0.02 (EBI1Q-Core)/0.03
(EQ5D-5L-VAS), a level = 0.05, sample size = 80, with two
predictors being tested and 14 predictors in total (i.e., including
control and independent variables). Conventionally, it was
recommended for the power value to be at 0.8. The regression model
achieved power = 0.18 (EBIQ-Core) and 0.25 (EQ5D-5L-VAS) with
the above parameters.

The same formula was used to calculate the effect size of the
model. R?%,c was replaced with R%moder, Which was the R? value of the
entire model. The effect size for EBIQ-Core and EQ5D-5L-VAS were

4.56 and 0.54, respectively. The parameters used for the power
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analysis were the same as the ones above. Both models achieved a

power value of greater than .8.

Exclusion of EBIQ Depression and Motivation Domains from

Regression Models

Given the significant contributions of EBIQ Depression and

Motivation on the variance EBIQ Core and EQ5D-VAS, hierarchical

regression models were repeated with EBIQ depression and

motivation scales excluded.

EBIQ Core

Stage one did not significantly account for the variance when

both EBIQ domains were excluded from the model (Table 3). The

negative adjusted R? values in stage one and two showed that the

included variables included in those steps do not contribute

meaningful or negligible to the overall variance in QoL. The AR? in

stage four equalled .17 and reached significance, F (2, 35) = 4.53,

p<.05 after removing the two domains. The final hierarchical model

was not significantly different, F (14,35) = 1.3 p=.26. Only the

addition of non-spatial attention (stage four) showed a significant

increase in variance explained. In the final model, two cognitive

variables measuring spatial and non-spatial attention were
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statistically significant: TVA Absolute Bias, f= -.41, p<.05 and TVA

Variability, = .45, p<.05. This could suggest that the TVA paradigm

is sensitive to EB1Q-Core changes.

Table 5

Hierarchical Regression Model for EBIQ-Core after exclusion of

depression and motivation domain.

Stage

Predictors

B

R2

R? AR?
Adjusted

AR?
Adjusted

Sex

Age

NART
Cattell
Lesion Side

(bilateral)
Lesion Side
(right)
Lesion Side
(missing
data)

-0.26
-0.32
0.3
-0.17
-.15

-.07

-.16

.06

-0.09 0.06

-0.09

Top-Down
Control
Working
Memory
Working
Memory
Capacity

-0.32

0.06

-0.20

0.12

-0.10 0.6

-0.01

TVA
Absolute
Bias
Oxbridge
Cancellation
Task

0.41*

-0.12

0.17

-0.1 0.05

0.09

TVA
Variability
CRT
Variability

0.45*

0.17

0.34

0.08 0.17

0.18

* p<0.05
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EQS5D-VAS

The hierarchical regression model remained non-significant

even after the removal of the two domains (Table 4). The final

hierarchical model was not significantly different, F (14,35) = .78

p=.69. The negative change adjusted R? values at stage one and three

showed that the included predictors (i.e., controlled and spatial

attention) do not contribute meaningfully to the overall variance in

QoL. None of the predictors was statistically significant.
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Table 6
Hierarchical Regression Model for EQ5D- VAS after exclusion of
depression and motivation
Stage Predictors B R? R? AR?  AR?
Adjusted Adjusted
1 Sex 0.10 .033 -0.128 0.033 -0.128
Age 0.084
NART -0.140
Cattell -0.164
Lesion Side 0.035
(bilateral)
Lesion Side 0.005
(right)
Lesion Side 0.162
(missing)
2 Top-Down 0.036 0.149 -0.069 0.116 0.06
Control
Working 0.348
Memory
Working -0.272
Memory
Capacity
3 TVA 0.119 .151 -0.124 0.002 -0.06
Absolute
Bias
Oxbridge 0.033
Cancellation
Task
4 TVA -0.245 0.237 -0.069 0.85 0.06
Variability
CRT -0.213

Variability
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Discussions

The main aim of the present study was to identify the main

cognitive predictors associated with QoL post-stroke. The EBIQ

motivational and depression subscale were significant predictors of

the EBIQ Core. None of the cognitive predictors contributed

significantly to either of the models shown. While statistically non-

significant, non-spatial predictors were observed to contribute the

most variance compared to other cognitive domains entered in the

EBIQ Core regression model. None of the individual variables (i.e.,

control and independent) entered in the EQ5D-VAS model were

significant. EQ5D-VAS as a dependent variable might not be a robust

QoL assessment. It was suggested that the EQ5D-VAS was less

responsive in detecting QoL than other measures of QoL used in

stroke (Golicki et al., 2015b).

After removing EBIQ depression and motivation subscales, the

variance contributed by non-spatial attention to the EBIQ-Core model

became significant. Hence, it could also be suggested that non-spatial

cognitive domains contributed to predicting QoL through EBIQ-Core

but only after the removal of motivation and depression variables. As

an independent predictor, TVA Variability (non-spatial attention)
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was a significant predictor of EBIQ Core. TVA Absolute Bias (i.e.,

an independent spatial attention predictor) was significant in

predicting QoL. The TVA assessment task might be more sensitive to

assessing spatial and non-spatial attention than OCS-BRIDGE or

CRT. Tentatively, any possible contribution non-spatial attention has

to QoL could be attributed to cognitive aspects of mood and

motivation. Therefore, further research on the possible link between

cognition, mood, motivation and QoL was warranted.

There were several explanations for the findings obtained. The

near significant effect of non-spatial attention when depression and

motivation were removed as control variables might be a false

positive result because of a possible relationship between a measure

of cognitive deficits (i.e., cognitive tasks) and a measure sensitive to

the impact of brain injury (i.e., EBIQ). The alternative explanation

was that there might be a real effect of non-spatial attention on QoL.

However, due to the inadequately powered analysis and the small

effect size, the effect might be difficult to detect.

The third explanation for the non-significance could be

attributed to false-negative due to issues with the measurements used

(i.e., EBI1Q), which added further caution to the interpretation of the
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results. The EBIQ has been validated and widely used in research and

clinical practice to assess QoL among individuals with acquired brain

injuries (Sopena et al., 2007). The contents of the EBIQ overlapped

with measures like the Quality of Life in Brain Injury (QOLIBRI)

questionnaire, which was explicitly designed to assess QoL across

different domains of QoL for individuals with brain injury (von

Steinbuechel & et al., 2005). For example, both measures assessed

physical functioning, social relationships, emotions and cognition.

However, the differences between the two measures could lie in how

the statements were presented, leading to the assessments of different

constructs.

The EBIQ worded the statements based on an individual’s

perception if they have experienced any of the difficulties listed over

the past month (i.e., how much have you experienced these

difficulties over the past month). Therefore, when completing the

EBIQ, participants could assume that the EBIQ was asking them

about the impact of their brain injury. While the EBIQ statements

provided researchers with an insight into an individuals’ perception

of their current capability across different domains, they might not

assess an individual’s emotional perception of their functioning. The
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QOLIBRI questionnaire presented the statements as ‘how

satisfied/bothered individuals were with the different domains

assessed’. This was an essential aspect as QoL has been defined as a

subjective concept that included mental, social and physical aspects

of life (Whoqgol Group, 1995, Zbolralski et al., 2007).

Previous research has shown the association between stroke-

related functional deficits with spatial attention (Nys et al., 2006).

Bickerton and colleagues (2015) posited that functional outcome

deficits related to spatial attention were better predicted when

sustained attention, response inhibition and executive function were

considered together with spatial attention. Considering recent

evidence (Bickerton et al., 2015; Peers et al., 2018) with the present

findings, non-spatial attention might be an underpinning cognition

mediating with other cognitive domains impacted in stroke

individuals. However, the scope of the present study does not provide

strong evidence to support this claim, especially when the

significance was only attained when EBIQ motivation and depression

was removed from the model. More research is needed to explore the

role of non-spatial attention and determine how it relates to spatial

attention and with QoL/functional outcomes.
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The current study results showed that the removal of

depression and motivation as control variables caused variance

contributed by the models' social and clinical control variables to

become non-significant. This could suggest that above all other

known variables such as age, gender, lesion side and premorbid

intelligence, an individual’s motivation, and depressive symptoms

are the core predictors of their QoL. This contradicts previous

research on the role of gender (Mahesh, Gunathunga, Jayasinghe,

Arnold & Liyanage, 2018) and lesion side (Salehi, Tahan, Bagheban,

& Monfared, 2019) on QoL. Therefore, despite the established link

between these variables with QoL and ADL, these variables might

not be relevant for predicting QoL among stroke individuals.

However, more studies are needed before a conclusion can be

reached.

The findings of the regression model suggested that depression

and motivation factors are essential variables to predict QoL more

than cognitive domains. Previous research has shown evidence of an

individual’s motivation and depression impacting cognition and QoL

(Gbiri, Akinpelu, & Odole, 2010; Haghgoo, Pazuki, Hosseini &

Rassafiani, 2013). However, EBIQ-Core was a composite score
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derived from all the EBIQ symptom subscales, including depression

and motivation. It was suggested that the EBIQ subscales used in the

present study to assess motivation and depression might also assess

additional constructs such as perceived cognitive capability. This

could explain the large variance of EBIQ depression and motivation

to the EBIQ-Core and not to the EQ5D-VAS model. Future research

could consider assessing motivation and depression using

questionnaires or scales using separate measures that are minimally

related to the measures used to assess QolL.

Visuospatial neglect was commonly associated with right

hemispherical lesions (Karnath et al., 2009). A large portion of the

attentional network resides in the right hemisphere (Sturm &

Willmes, 2001; Shulman et al., 2010). Therefore, stroke individuals

with right-side lesions should present with increased attentional

difficulties and result in poorer QoL. Future research could explore

the impact the lesion side has on the relationship between cognition

and QoL assessment.

Premorbid intelligence could be thought of as a cognitive

reserve (Whalley, Deary, Appleton, & Starr, 2004) and was suggested

to reduce the burden of disability post-stroke (Rosenich, Hordacre,
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Paquet, Koblar & Hillier, 2020), which could impact an individual’s

QoL. Cognitive reserve in an individual was associated with higher

QoL in older adults (Lara et al., 2017). The same association was

observed in the Alzheimer’s population, where higher cognitive

reserve (i.e., higher premorbid intelligence) showed better functional

capability and QoL (Sanchez-Rodriguez, Torrellas-Morales,

Fernandez-Gémez, & Martin-Vallejo, 2013). However, current

evidence for the role of the cognitive reserve as a predictor of QoL in

brain injury/stroke is still insufficient (Nunnari, Bramanti & Marino,

2015).

Strengths and Limitations of Study

The present research questions were formed around the given

data, which reduces the likelihood of unsuitable data to answer the

qguestions. The experimental tasks used in the original study were

specific and in-depth measures of cognitive domains. Previous

studies looking at stroke and rehabilitation had assessed the

cognitive domain using broad measures, which might not examine

precisely the roles specific cognitive domains have on QolL.

Additionally, the current analysis is blind to the hypothesis of the

original study. This reduces the risk-of-bias related to data collection
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to a minimum. Any data removal would be unbiased and led by

statistical objectivity.

There are several limitations to the present empirical study.

The first limitation observed was the low sample size and power

achieved from the analysis. If there was an effect to be found,

replicating the study with a larger sample size could increase the

statistical power to observe it. Additionally, the regression model

also assumes a linear relationship between the predictors and

dependent variable. Real-world data are often non-linear (Micceri,

1989). In statistics, the consensus was to transform data linearly and

as well as to remove outliers. However, in doing so, we risk losing

the typical data variability observed because of brain injury.

Therefore, there need to be considerations if the analyses should be

done parametrically or should a non-linear analysis model be

adopted.

The multiple analyses carried out increases the risk of false-

positive results. Although collinearity was observed to be a non-issue

based on Tolerance and VIF values, there is the issue that other

variables that may influence the QoL were not considered as a

possible limitation. An example of this was sleep quality on
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cognitive tasks, a particularly crucial impact on the stroke

population. Additionally, there is also the issue of confound when

EBI1Q motivation and depression domain were excluded. Future

research needs to assess these confounds.

Another potential limitation regarding measurement is the

construct validity of the EBIQ. Bateman, Teasdale and Willmes

(2009) showed that the subscales used in the original 63-item EBIQ

were not uni-dimensional using Rasch Analysis. The authors posited

that the EBIQ motivation and depression subscale might also assess

additional constructs such as the perceived cognitive capability.

Therefore, participants might have thought they were providing

answers to their perceived everyday ability rather than indicating

their motivation or depressive level when completing the EBIQ. This

could potentially impact the reliability and validity of the EBIQ

motivation and depression subscale.

Previous research has used various outcome measures to detect

changes in QoL (de Haan et al., 1993; Sturm et al., 2004). Like the

Quality of Life After Brain (QOLIBRI), these measures were often

more detailed, looked at various components that made up QoL (e.g.,

physical functioning, emotional well-being or ADL), and were often
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assessed as a whole to provide an overall indication of QoL. The

EQ5D-5L-VAS subset, which required participants to provide a

single numerical value to denote participants’ perception of health,

was suggested to provide a summary of an individual’s overall health

close to the patient’s perspective (Feng, Parkin & Devlin, 2014).

However, a single numerical value could be another limitation of the

model and study as the variable might not encapsulate the entirety of

stroke's impact on QoL. If the study was replicated, it might be more

appropriate for an alternative QoL measure to be used instead of the

EQ5D-5L-VAS.

The EBIQ was initially designed to assess the impact brain

injury has on an individual. For the current study, the EBIQ was used

as an indirect measure of QoL. This meant that the reliability and

validity of the findings observed from the present analysis were

impacted potentially. The solution to this could be the use of

assessment tools that were designed to measure QoL like the World

Health Organisation Quality of Life -BREF (WHOQOL-BREF)

(Whoqol Group, 1998), which had been used in the stroke population

(Jeong et al., 2012). Alternatively, the Quality of Life After Brain

Injury — Overall Scale (QOLIBRI-0S) was designed specifically for
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individuals with brain injury (von Steinbuechel et al., 2012) and was

validated for use in the stroke population (Heiberg et al., 2018).

Hence, based on what was discussed in the last two paragraphs, the

measures used to assess QoL could be another limitation of the

current empirical study.

Possible Changes to the Empirical Study if Replicated

The mentioned limitations above provided several factors that

would need to be addressed in the future. If the study were

replicated, a few changes could help improve the validity and

reliability of the results obtained.

As mentioned above, the first aspect being considered would

be the outcome measures used. Alternative measures of ADL like the

WHOQOL-BREF and QOLIBRI-0OS, which were designed and

validated to assess QoL among individuals with stroke. On the other

hand, previous research had linked poorer QoL with poorer everyday

functioning. Older adults with stroke or other neurological deficits

were observed to have a certain degree of difficulties with everyday

functioning. Impairment of everyday functioning was associated with

impaired executive functioning, which has impacted an individual’s

awareness of their deficits (Hurst et al., 2017). Therefore, self-report
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measures might not assess an individual’s ADLs or QoL accurately.

Therefore, a performance-based measure of everyday functioning like

the Timed Instrumental Activities of Daily Living (Owsley et al.,

2002) or the Behavioural Assessment of Dysexecutive Syndrome

(BADS) (Espinosa et al., 2009) might be a more appropriate measure

of ADL.

The current study results suggested the contribution of

emotional factors like motivation and depression have on QoL. It

would be essential to assess these factors with psychometrically valid

measures unrelated to the dependent variables to reduce the variance

observed in the current analysis. The current cognitive assessments

used will remain the same as the variables derived from the

assessments represent specific and in-depth cognitive domains.

An alternative important next step could be using other

statistical techniques like structural equation modelling to investigate

the relationship between the different variables. This could help

researchers develop a deeper understanding of the relationship

between cognition, mood and expected outcomes. For example, it

might be helpful to ascertain whether depression and motivation were

possible moderators that could influence cognitive tasks and QOL.
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Additionally, longitudinal data could illuminate further if specific

early cognitive impairments (e.g., non-spatial attention) or early

emotional impairments (i.e., motivation and depression) could lead to

lower QOL first. This could potentially lead to future innovations in

clinical interventions.

Finally, future replications might reduce the number of

predictors being included in the regression model. The current

regression model included various control variables, which did not

contribute to the overall model. For example, it was shown that the

lesion side, gender and age, had not contributed to the regression

model. Alternatively, other confounds such as sleep quality which

has been shown to impact cognitive performance and quality of life

(Fulk, Duncan & Klingman, 2020), might be worth exploring.

Conclusions

In summary, the present study did not find evidence of non-

spatial attention being a stronger predictor of QoL than other

cognitive predictors. Weak evidence of some role of non-spatial

attention was observed after removing depression and motivation

domains as control variables. Therefore, care is needed when

interpreting the results of the present analysis. QoL/everyday
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functioning changes are not likely due to a single domain of

cognition based on the evidence from previous research and current

results. As predictors, emotional issues might also play a role in

predicting the QoL of stroke individuals. The TVA paradigm could

be a potential cognitive assessment sensitive to changes in QoL. As

reported, the evidence to back up the assertion is tentative at best.

More research is needed to explore the findings further.
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Chapter 5: Extended Results

This chapter provides additional details concerning the analyses

conducted.

Assumptions for Hierarchical Regression

Five assumptions needed to be met before a hierarchical

regression could be done. Each assumption was tested using

statistical tools if appropriate.

Linearity

This assumed that the relationships between the predictors and

the outcome variable should be linear. This assumption was met

based on the previous evidence on the relationship between the

dependent variables (i.e., QoL outcomes) and predictors (i.e.,

cognitive domains).

Independence of Residual Values

The Durbin-Watson statistic showed that the assumption had

been met, as the obtained value was close to 2 (Durbin-Watson =

1.93).

Homogeneity of Variance (Homoscedasticity)

One assumption was the requirement for the error variance of

the dependent variable to be constant. A scatterplot of standardised
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residuals versus the standardised predicted values was plotted. If

there is no clear pattern in the distribution, homoscedasticity was

retained. The following scatterplots were used for the two dependent

variables, EQ5D-5L and EBIQ, respectively.

Figure 1

Scatterplot of Standardised Residual and Predicted Value for EBIQ-

Core.
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Figure 2

Scatterplot of Standardised Residual and Predicted Value for EQ5D-

VAS.
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In both scatterplots, the standardised values seemed to be

tapered at the end. However, there was no funnel pattern observed,

which suggested homoscedasticity was maintained in both models.

Normality

Normality is a common assumption requirement for many

parametric tests. The values of the residuals were assumed to be

normally distributed. The assumption was tested by looking at the P-

P plot of the model (Figure 3 and 4). This violation of normality was

understandable as data yielded from health, education, and social
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sciences often deviated from a normal distribution (Blanca et al.,
2013).

Figure 3

P-P Plot to assess normality for EBIQ Core.
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The residuals were considered normally distributed if the dots

lie closer to the diagonal line. Based on the plots above, the

assumption of normality was violated. However, as only extreme

deviations were likely to impact the findings significantly, the results

obtained from the analysis could still be valid. Additionally, the

predictor and control variables were also tested for normality using

Shapiro-Wilks (Table 1). If the p-value was >0.5 (i.e., significant),

the variables were not normally distributed.

Table 1

List of Variables with Shapiro-Wilk Test for Normality

Variables Shapiro-Wilk
Statistic df Significance
Age 0.96 80 0.01
NART 0.97 66 0.11
Cattell 0.99 75 0.85
AWMA Dot Matrix 0.99 79 0.51
AWMA Spatial Recall 0.97 78 0.07
EBIQ Motivation 0.94 80 0.001
EBIQ Depression 0.93 80 <0.001
TVA Task Absolute Bias 0.84 78 <0.001
TVA Variability 0.91 80 <0.001
ANT Top-Down Control 0.63 80 <0.001
CRT Variability 0.61 78 <0.001
Oxbridge Cancellation
Task 0.45 78 <0.001
Digit Span Forward 0.93 64 0.001
Digit Span Backward 0.91 64 <0.001

Before the following assumption was tested, AWMA Spatial

Recall and Dot Matrix Tasks merged with Digit Span Forward and
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Backwards before the following assumption was tested. The merged

variables created two new variables: Working Memory (i.e., Spatial

Recall and Digit Span Backwards) and Working Memory Capacity

(i.e., Dot Matrix and Digit Span Forwards).

Independence

The following assumption required variables in the regression

not to be correlated. Collinearity was checked for all variables. The

variance inflation factor (VIF) and tolerance value were statistically

values used to diagnose collinearity. The values were based on R-

squared values obtained by regressing one predictor on all the other

predictors in the analysis. Tolerance is a reciprocal of VIF. A VIF

value of >10 would suggests problematic collinearity, and a tolerance

value of <0.2 would suggest a cause for concern.



Collinearity

Table 2

Tolerance and VIF values

Variables Collinearity
Statistics
Tolerance VIF
Sex 0.67 1.49
Age 0.40 2.53
Lesion Side 0.55 1.81
NART 0.55 1.83
Cattell 0.32 3.10
EBIQ Motivation 0.55 1.81
EBIQ Depression 0.49 2.05
Top-Down Control 0.71 1.40
Working Memory 0.41 2.44
Working Memory Capacity 0.44 2.28
TVA Absolute Bias 0.62 1.61
Oxbridge Heart Cancellation 0.58 1.72
TVA Variability 0.54 1.85
CRT Variability 0.55 1.82
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Tolerance and VIF are measures of collinearity. The variables

in Table 2, ‘Cattell’, seemed to have slight collinearity based on the

VIF values. This should not be a cause for concern as the variables

do not meet the cut-off value. Collinearity would become an issue if

both tolerance and VIF cut-off values were simultaneously met. This

was not the case for the variable ‘Cattell’.

Skewness and Kurtosis

Skewness and kurtosis for each variable were assessed for the

comparative analysis between ‘unprocessed’ and ‘processed’ data.
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For skewness, if the value is greater than + 1.0, the distribution is

right-skewed. If the value is less than -1.0, the distribution is left-

skewed. For kurtosis, if the value is greater than + 1.0, the

distribution is leptokurtic. If the value is less than -1.0, the

distribution is platykurtic. The following variables were observed to

have high values in skewness and kurtosis (Table 3).

Table 3

List of Variables with Skewness and Kurtosis Values

Variables Skewness Kurtosis
Statistic Std. Statistic Std.
Error Error
Age -0.71 0.27 0.44 0.53
NART -0.46 0.30 -0.02 0.58
Cattell -0.02 0.28 -0.57 0.55
EBIQ Motivation 0.30 0.27 -0.85 0.53
EBIQ Depression 0.93 0.27 0.63 0.53
TVA Absolute Bias 1.47* 0.27 1.90* 0.54
TVA Variability 1.35* 0.27 2.61* 0.53
Top-Down Control 3.48* 0.27 15.69* 0.53
CRT Variability 3.16% 0.27 14.68* 0.54
Oxbridge Heart 5.16* 0.27 32.75* 0.54
Cancellation Task
Working Memory 0.34 0.30 0.63 0.60
Working Memory Capacity -0.33 0.30 -0.27 0.60

* Variables that crossed the cut-off value for kurtosis and skewness.

Data Processing

Data Transformation

Based on the skewness and kurtosis, some variables were

transformed using either log, square-root, or inverse transformation

to correct skewness and kurtosis for the hierarchical regression.
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List of Variables and the Type of Data Transformation conducted
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Variables

Type of data transformation

EBIQ Motivation

EBIQ Depression

TVA Absolute Bias
Oxbridge Cancellation Task
TVA Variability

CRT Variability

ANT Top-Down Control

Inverse Transformation
Inverse Transformation
Square root Transformation
Square root Transformation
Log Transformation
Inverse Transformation
Inverse Transformation

Corrected Normality

Two transformed variables (i.e., TVA and CRT variability)

were corrected to normal distribution (Table 5). The rest of the

transformed data continued to be not normally distributed.

Table 5

Shapiro-Wilk Test for Normality Post-Data Transformation

Transformed Shapiro-Wilk
Variables

Statistic df Significance
EBIQ Motivation 0.95 80 <0.001
EBIQ Depression 0.97 80 0.025
Oxbridge Cancellation 0.79 78 <0.001
Task
TVA Absolute Bias 0.96 78 0.01
Task
TVA Variability 0.99 80 0.72
CRT Variability 0.99 78 0.83
Top-Down Control 0.86 80 0.001

Corrected Skewness.

Table 6 showed the skewness and kurtosis after doing

transformation for each variable specified above. After

transformation, Top-Down Control remained leptokurtic.
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Skewness and Kurtosis Values of Transformed Variables
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Transformed Variables Skewness Kurtosis

. .. Std. . .. Std.

Statistic Error Statistic Error

EBIQ Motivation 0.52 0.27 -0.76 0.53
EBIQ Depression 0.21 0.27 -0.70 0.53
Oxbridge Cancellation 0.81 0.27 0.62 0.54
Task
TVA Absolute Bias 0.55 0.27 -0.37 0.54
TVA Variability 0.15 0.27 -0.08 0.53
CRT Variability 0.16 0.27 -0.44 0.54
Top-Down Control -0.74 0.28 2.66 0.55
Outliers

Interquartile ranges were used to determine outliers. Using

standard deviation to determine outliers could be affected by

skewness and if the data was not normally distributed. Outliers were

classified as either a) typical outliers (1st or 3rd quartile +

1.5*interquartile range) or b) extreme outliers (1st or 3rd quartile +

3*interquartile range). An entire data row was removed as the

participant scored low on the NART, which suggested reading

difficulties. This could potentially impact their performance in other

tasks. Additionally, values that were extreme outliers were excluded

(Table 7).
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Table 7

Extreme Outliers removed from Both Variables.

Variables Data points

Oxbridge Heart Cancellation 4,17, 19, 48 and 61 (high
Task levels of bias)

ANT Top-Down Control 16 (very poor attentional

control) | 12, 25, 37, 38 (very
good attentional control)

Data Cleaning

There was a need to process the data to allow a reliable and

valid analysis of the data due to the complexity and nature of the

data. However, this could potentially impact the external validity of

the results. Southworth (2012) suggested that the data point should

be included if outliers do not affect study results. Additionally, data

obtained in many fields of health, education and social sciences

yielded values of skewness and kurtosis that deviated from a normal

distribution (Blanca et al., 2013). Micceri (1989) concluded that real

data commonly followed a non-normal distribution. This would be

particularly true for the present data that contained participants with

varying presentations of stroke. Combining this with the various task

performances looking at cognitive domains administered, it would

not be unusual for some participants’ performance to be considered

outliers. Removing these data points because they do not fit a

Gaussian distribution could potentially impact the data's clinical
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relevance and external validity. Statistically, data transformation was

recommended by many to allow biological data to fit the assumptions

of parametric statistical tests (McDonald, 2009). However, the many

methods used to manage skewness and correct normality, log-normal

distribution, Box-Cox transformation or trimmed means were

designed to resolve a specific set of data (Gunver, Senocak & Vehid,

2018). Gunver and colleagues further criticised that the current

method for data transformation could deform, damage or disregard

the nature of the distribution.

Comparative data analysis of the data with various degrees of

‘data cleaning’ was carried out. Raw data was compared to the

cleaned data (i.e., transformed with outliers removed). Table 8 and

Table 9 showed minimal observable differences between the two data

types for EBIQ Core and EQ5D-5L. Therefore, retaining the data in

its original form could provide better clinical representation. Hence,

the present study chose to analyse the raw data without removing

outliers or transforming the data.
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Table 8

Data Type for EBIQ Core.

Stage Data Type R? R? AR? AR?
Adjusted Adjusted
1 Raw 7 .73 7 .73
Cleaned 7 .73 17 .73
2 Raw .78 12 .01 -.005
Cleaned .78 72 .01 -.005
3 Raw .79 72 .005 -.008
Cleaned .78 71 .001 -01
4 Raw .81 73 .02 02
Cleaned .80 12 .02 01
Table 9

Data Type for EQ5D-5L.

Stage Data Type R? R? AR? AR?
Adjuste Adjusted
d

1 Raw .20 .07 .20 0.07
Cleaned .20 .07 .20 0.07

2 Raw .30 12 .01 0.05
Cleaned .30 12 .01 0.05

3 Raw .30 .08 .004 -0.04
Cleaned .30 .07 .003 -0.04

4 Raw .34 .08 .04 -0.001

Cleaned .35 .09 .05 0.02
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Chapter 6: Discussion and Critical Appraisal

The current section looked at the findings of both the

systematic review and the empirical paper simultaneously and

discussed their implications. The systematic review found evidence

of small effect size for CCT at improving ADL in MCI individuals.

The review identified several methodologies/characteristics used in

the RCTs that could contribute to CCT’s efficacy. Task adaptiveness

was used in the majority of the reviewed studies. Additionally, social

and competitive characteristics in CCT might also contribute to CCT

efficacy. Looking at the reviewed RCTs that have an effect size

above 0.1 (five out of ten), speed of processing and attention seem to

be the most frequent cognitive domains that were trained.

In the empirical paper, the hierarchical regression model

results found tentative results suggesting the cognitive domain of

spatial and non-spatial attention were significant predictors of

quality of life (QoL) (EBIQ Core) compared to other domains.

However, for both domains to reach significance in the regression

model, EBIQ depression and motivation subscales had to be removed

as control variables. EBIQ Core was derived from the 34-items of the

63 items across the domains, including the EBIQ depression and



166

motivation. The TV A attention task performance could be accounting

for both cognitive and emotional aspects of the EBIQ-Core.

To summarise, the main findings from the two studies suggest

two things: 1) there is evidence to suggest a small effect of CCT with

improving ADL in MCI and 2) compared to other cognitive domains,

non-spatial attention seems to contribute most as a predictor of QoL.

As noted in both sections, the results of the two studies are tentative

at best. However, the results provide possible avenues for researchers

to pursue; the role of social factors such as competitiveness and

potentially the contribution of emotional factors.

Targeting Specific Cognitive Domains

Bringing back the focus to the thesis aim of identifying

cognitive domains that best predict the QoL, the systematic review

findings identified speed of processing and attention as the most

common among the other domains as targets for intervention. The

results of the empirical paper provided tentative evidence that non-

spatial attention best predicts an individual’s QoL. Theoretically

speaking, the cognitive domains responsible for the QoL/ADL in both

papers (i.e., speed of processing and sustained attention) are

fundamental domains to which many other perceptual or cognitive
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functions would be compromised if impaired (Parasuraman, 1998;

Salthouse, 1996; Sarter, Givens, & Bruno, 2001; Dickinson, Ramsey

& Gold, 2007; Foong et al., 2018). Previous research has provided

evidence for pursuing this idea. Ball and colleagues (2007) paper

assessed data from six separate studies and found that improvement

in processing speed through training was maintained for at least two

years, translating to improved everyday abilities.

Sustained attention, a fundamental executive function for

achieving complex goals over time, was suggested as a novel

objective cognitive marker for progression in frailty and linked to

poor physical functioning (O’Halloran et al., 2014). However, the

effectiveness of cognitive rehabilitation focusing on attention (i.e.,

sustained and selective attention) post-stroke was limited to

immediate effect post-intervention (Loetscher et al., 2019).

Findings from Blotenberg and Schmidt-Atzert’s (2020) study

suggested that pre-processing of information is an essential

component of performance in sustained attention tasks. The authors

posited that performance in sustained attention tasks improved by

allowing individuals to learn the information beforehand. Therefore,

the study results could suggest that helping individuals learn the
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tasks beforehand could help reduce the impact impairment of

processing speed could have on QoL/ADL.

Sustained Attention or Speed of Processing?

The tentative findings of the thesis suggested two cognitive

domains that are potential targets for interventions. Assuming a

‘purist’ (i.e., targeting a single domain) intervention perspective for

a moment, the existence of the two domains brings into question

which domain should be the prime focus for interventions. According

to the processing-speed theory, ‘speed of processing’ could be

contended as the global or single domain that contributes to cognitive

decline (Salthouse, 1996). However, sustained attention could also be

argued as the global domain responsible for the declining QoL/ADL

(Vallesi et al., 2021), more than processing speed. It is generally

understood that everyday tasks are impacted by processing speed

(Shultz et al., 2016). However, without the ability to sustain

attention on a task, it could be argued that an individual could have

more difficulty processing the required information for the successful

completion of everyday tasks.

This line of thoughts seems to correlate with the attentional

control processes posited by Stuss and Alexander (2007). They put
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forward three areas of attention: energisation, task setting and

monitoring. Two of the processes (i.e., energisation and monitoring)

could be impacted by sustained attention deficits. Energisation was

defined as the process of initiating and sustaining responses over a

period. Monitoring is the process of ‘quality control’ and

appropriately adjusting to behaviour to complete a task. In the

context of everyday functioning, deficits in sustained attention might

impair an individual’s ability to continue with a task over an

extended period (i.e., energisation). The same ADL could differ

daily, requiring an individual to observe his/her performance and

adjust their behaviour accordingly (i.e., monitoring). Deficits in

sustained attention could impair the ability to maintain self-

observation and thereby impact ADL performance. Therefore,

sustained attention as an intervention target might yield better

improvements, particularly in measures of ADL.

Some researchers might also argue that the focus needs to be

on attention for cognitive training to be effective and achieve far

transfer (Greenwood & Parasuraman, 2015). In response to this

assertion, a meta-analysis looking at commercially available CCT for

older adults showed attention as a cognitive target produced the
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largest effect size (Tetlow & Edwards, 2017). However, the meta-

analysis did not differentiate between the different domains of

attention. The scope and findings of the current thesis cannot provide

conclusive evidence on which domain to focus on. Hence, more

research is warranted to expand on this further.

Intervention Characteristics

A point to consider that was not explored further in the

systematic review was the frequency/duration of the intervention.

Intriguingly, Hampshire and colleagues’ (2019) large cross-sectional

data analysis found frequency and intensity are independent factors

contributing to brain training (CCT) efficacy. The RCTs in the

systematic review seem to have a discernible pattern between session

frequency and duration with ‘between-group effect size. RCTs with

sessions that are either infrequent (i.e., less) or has a shorter duration

were observed to have a smaller effect size than RCTs with more

frequent and longer sessions. Hence, the saying ‘practise makes

perfects’ seems to hold when it comes to CCT. However, more

studies are warranted to explore the relationship between session

characteristics with efficacy.
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Adaptiveness is a common characteristic frequently reported

in many cognitive interventions. In the context of CCT, it is an

intervention feature of allowing individuals to work/train

continuously and optimally (Shute, Ke & Wang, 2017). Adaptiveness

was operationalised as the continuous monitoring of task

performance at 85% accuracy (Garcia-Perez, 1998). It has been

suggested that training gains are maximised when individuals’

performance was monitored at 85% accuracy (Wilson et al., 2019).

Adaptiveness has become a popular and staple characteristic

incorporated into the intervention (Kelly et al., 2014; Lampit,

Hallock, & Valenzuela, 2014).

The present review observed that half of the RCTs that

adopted adaptiveness showed positive gains. Four of the five (i.e.,

80%) non-adaptive studies showed very poor or negative CCT

efficacy to improve ADL/QoL. This does suggest that adaptive

training might be necessary to improve CCT efficacy, but it is

insufficient on its own. Furthermore, the difference in efficacy

between adaptive interventions could be explained by the difference

in the mechanism of adaptiveness, which is sometimes unexplained in

intervention studies. Much like the variability observed in
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intervention methodologies, more research is warranted to uncover

and elaborate on the mechanism of adaptiveness.

Limitations of the Systematic Review and Empirical paper

The limitations of the systematic review and empirical paper

have been detailed in the respective sections. In summary, the

reliability and validity of the evidence for the systematic review were

impacted by outcome measures employed by the reviewed studies.

The measures used to assess ADL were varied in type and depth. The

variability meant that it is difficult to assess if CCT does improve

ADL. Aside from variability in outcome measures used, the variation

in methodologies adds a layer of confound to the results. Despite the

large variation in methodologies, the meta-analysis of the review

showed a small positive effects size, suggesting the potential of CCT

as interventions to improve ADL.

The empirical paper was a secondary analysis, but the

limitations of data affected the generalisability of the findings. As

discussed in the empirical paper, the EQ5D-VAS is a standalone item

that gives a subjective impression of an individual’s subjective

health status. The EQ5D-VAS might not be accurately assessing QoL.

Hence, the EQ5D-VAS might be less sensitive and more vulnerable
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to being influenced by impaired self-awareness, a possible deficit

experienced by stroke individuals. Furthermore, possible confounds

exists that could potentially impact the results.

The analysis conducted in the empirical paper assumed data

linearity. The consensus when handling non-linear data was data

transformation and removing outliers. Clinical data are often non-

linear (Micceri, 1989), meaning that data transformation is

recommended. Throughout the process of data analysis, constant

contact with the research team was maintained. However, from the

meetings with the research team, concerns were raised about losing

data variability observed typically from a clinical population. This

highlighted a dilemma to be addressed: 1) the requirement for the

data to meet the assumptions to be used in a parametric test and 2)

conserving, as much as possible, accurate representation of clinical

data. This dilemma was addressed in detail through a series of

sensitivity analyses exploring the consequences of removing outliers

and transforming non-normal variables (Refer back to ‘Extended

Results’ Chapter). It was apparent from the extended chapter that the

influence of data transformation and outlier removal on the planned

analyses was minimal. Hence, the raw data was used without any



174

transformation or outliers removed. The parametric assumptions for

the raw data were tested. Finally, both systematic review and

empirical paper had the shared limitation of low numbers of

participants, impacting the accuracy and generalisability of findings.

It is important to note that due to the pandemic, it was not

possible to start the original planned empirical study due to

restrictions impacting face to face contact. Hence, the original

empirical study had to be changed to the secondary data analysis

study presented in the thesis. The original study planned a feasibility

study of a novel CCT for people with MCI with the methodologies

(e.g., intervention characteristics and cognitive targets) informed by

the systematic review findings. This could have provided a more

coherent and focused narrative for the thesis. That being said, the

stroke data analysis and findings have provided additional angles for

interpreting the systematic review data and implications for future

clinical and research work in the field of CCT.

The main findings of the systematic review and empirical

paper can provide some clarity and implications for researchers to

pursue in future exploration. Aside from the main findings, the role
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of social/competitiveness in CCT and potentially the contribution of
emotional factors towards QoL/ADL warrants further exploration.
Social Groups and Competitiveness in Relation to CCT Efficacy

Within the systematic review, the RCT with the largest effect
size compared to other RCTs (Hughes et al., 2014) was set apart from
the rest by the social (group setting) and competitive aspects of the
intervention. This tentative finding has multiple implications on how
CCT can be conducted and possible avenues that researchers can
explore further. The original intent of the thesis was to identify
cognitive domains that are vital targets for predicting QoL and as
targets for CCT to have meaningful outcomes in terms of ADLs and
QoL. However, the systematic review findings showed a possible key
role for social/competitive aspects within CCT that might mediate or
moderate the intervention’s efficacy. Hence, cognitive interventions
could consider incorporating secondary targets like social
enhancements alongside more established features such as being
adaptive. As mentioned in previous sections, past research had shown
that social contacts were considered a significant modifiable factor
that influenced ADL deterioration and QoL (Chang et al., 2017,

Cintra et al., 2017; Cwirlej-Sozanska et al., 2019). Higher degrees of
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motivation were associated with better ADL performance among

individuals with stroke and increased QoL (Lee & Kim, 2014;

Haghgoo et al., 2013).

Social isolation significantly impacts individuals experiencing

MCI or stroke (Mukherjee, Levin, & Heller, 2006; Hussenoeder et

al., 2020). The isolation could be partly due to cognitive impairment,

which might affect an individual’s ADL capabilities. As a result, the

reduction in ADL capability might negatively impact self-efficacy

(Korpershoek van der Bijl & Hafsteinsdottir, 2011), further isolating

the individual from social participation (Hosseingholizadeh et al.,

2019). The consequence of social isolation influences various aspects

of an individual, including depressive/anxiety symptoms (Evans et

al., 2019) and increased prevalence of other health comorbidities

(Nagarajan et al., 2020). Therefore, the incorporation of social

aspects as part of the intervention could reduce the impact of

isolation.

A counter-argument for incorporating social elements into

interventions is the concept of social facilitation. The concept

posited that the performance of a learned behaviour could increase or

decrease in the presence of another (Guerin, 2010). However, this
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performance improvement applies only to well-trained or

straightforward tasks (Smelser & Baltes, 2001). Additionally, when

observed by another, simple task performance might not improve due

to orientation of personality. This is because individuals with a

negative orientation (i.e., neuroticism and low self-esteem) might

perform poorer compared to those with positive orientation (i.e.,

extraversion and high self-esteem) when observed by another (Uziel

et al., 2007).

A comparison of performance with peers might further reduce

an individual’s self-efficacy if his/her perceived performance was

poorer than their peers. Hence, the inclusion of social/competitive

components might further confound the efficacy of the intervention

that used an individual’s task performance as an indication of

improvement. On the other hand, there has been evidence in a healthy

population that competitiveness increases performance (Rhea et al.,

2003; Plante et al., 2001). Navarro and colleagues’ (2020) RCT

compared competition between two groups and showed that those

who competed showed comparable results to those who completed the

intervention alone. Additionally, those who competed reported

greater enjoyment than the non-competitive group. However, as
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mentioned above, positive/negative orientation could still play a role

in the intervention efficacy.

The two paragraphs above listed out possible advantages and

disadvantages of the inclusion of social elements within

interventions. One option to retain the pros while detaching the cons

of social elements could be facilitating social contact within the

intervention group while separating it from actual cognitive

intervention. However, this form of arrangement could mean that

social elements could become a confound when assessing the

intervention’s efficacy. Alternatively, if self-esteem is indeed an

issue, psychological interventions addressing self-esteem before

cognitive training could potentially provide the advantages of social

elements while minimising the elements’ possible disadvantages.

Emotional and Motivational Factors

One highlight of the empirical paper’s findings was that the

removal of depression and motivation domain of the EBIQ pushed the

contribution of non-spatial attention as cognitive predictors of QoL

to significance. Additionally, stage one of the model (i.e., control

variables) lost its significant contribution to QoL variance when

these two EBIQ domains were removed. The regression model
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observed that depression and motivation domains were responsible

for the bulk of the variance explained. When the two domains were

removed, among the cognitive domains that were tested, non-spatial

attention was the only cognitive domain that contributed significantly

to the QoL model.

Despite the extensive theoretical understanding and evidence

of cognitive domains and their associations with QoL, the ‘far’

transfer effects or generalisability of cognitive training to

meaningful outcomes are issues researchers have continued to

contend with (Gates et al., 2011; Butler et al., 2018). The findings

could suggest that emotional factors like depression and motivation

are important variables. Therefore, the findings could suggest that

emotional factors like depression and motivation are important

variables that need to be considered in future research when

assessing CCT efficacy in ADLs or QoL. Indeed, Kolanowski and

colleagues’ (2011) study reported better engagement, time, and

sustained attention on activities in older adults with dementia who

self-report better mood.

Over the years, researchers have identified various cognitive

domains associated with QoL (Morrison & Chien, 2011; Cantarella et
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al., 2016; Hindle et al., 2017). However, the tentative results of the

empirical paper could also imply that rather than focusing on

interventions to improve cognition, integrating reduction of

depressive symptoms while increasing motivation of individuals into

rehabilitation might be a better approach.

An Alternative Approach to Cognitive Intervention

Presently, the findings from the systematic review showed

little evidence for the effects of cognitive training on everyday

functioning. Additionally, the empirical paper showed weak evidence

for specific domains of cognition as predictors of QoL, which could

not be attributed to emotional variables. Assuming the thesis findings

were accurate, further attempts to improve everyday life by focusing

solely on cognition were unlikely to yield much benefit. Furthermore,

cognitive interventions could still have some role in the field of

rehabilitation. However, the thesis has its limitations needed to be

addressed, and more studies were needed before any conclusions can

be made.

Past research has shown a near-transfer effect from cognitive

training in older adults (Tetlow & Edwards, 2017; Nikravesh et al.,

2021). This meant that an individual trained on a specific
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domain/task would show improved performance in that domain/task.

Neurodegenerative conditions, like Alzheimer’s Disease, often result

in progressive loss of functions. Therefore, there was a possibility

that cognitive training that aided in ‘retraining’ specific skills could

potentially slow down deterioration across a range of everyday tasks,

especially when the ‘trained’ cognitive domain was fundamental to

many tasks (e.g., attention or speed of processing). While this

rationale still needs to be tested, it showed a potential benefit of

cognitive interventions to improve trained cognitive or everyday

tasks.

The findings from the thesis also hinted at the potential

interaction between cognition, mood/motivation and everyday

functioning. There was a possibility that non-cognitive factors (e.g.,

emotional or social) could impact the efficacy of cognitive

interventions on everyday functioning and, therefore, on QoL. These

could indicate that the effects of cognitive interventions might be

moderated or mediated by other factors. This could be a possible

avenue to consider as individuals with cognitive impairments from

neurological conditions, who underwent the interventions, might
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already be experiencing the various psychosocial impacts of

cognitive impairment, such as social isolation and depression.

Social isolation has been associated with decreased cognitive

function, to which social participation and maintenance of

emotionally supportive relationships were suggested as interventions

to prevent cognitive decline (Lara et al., 2019). Like social isolation

mentioned earlier, individuals with MCI or stroke experience

difficulties with depression (Robinson & Jorge, 2016; Snowden et

al., 2015) and apathy (Drijgers et al., 2011; Caeiro et al., 2013).

Depression and apathy were also known factors that impact further

cognitive decline (Ma, 2020). These impairments might also affect an

individual’s motivation and engagement with interventions. This

creates a vicious cycle that could perpetuate the difficulties

experienced by individuals with MCI or stroke. Hence, targeting the

cognitive impairments might address the ‘root’ (e.g. cognitive

deficits) of many difficulties experienced, but that might be

insufficient as the ‘fruits’ (e.g., social isolation, depression or

apathy) of the impairment could still be present. Therefore, instead

of focusing on improving cognition, socio-emotional or QOL

separately, a combined approach might be the way forward.
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Based on what was discussed, future research on interventions

might consider adapting cognitive interventions that focus on

targeted domains fundamental to everyday functioning (e.g., attention

or speed of processing) while considering the roles and impacts

emotional and social factors have on the individual. For example,

older adults with dementia might undergo cognitive training might

set individualised and meaningful goals, commonly used in

neurological rehabilitation (Knutti et al., 2020). Additionally, the

interventions could be delivered to the individual combined with a

social component (e.g., task cooperation) with a possible leaderboard

to drive competition. This could enhance existing cognitive

rehabilitation/interventions and tackle the aforementioned emotional

issues like depression and apathy that could perpetuate cognitive and

non-cognitive difficulties among individuals with stroke or MCI.

From Symptom Reduction to Individualised Goals

In psychotherapy research, the most common focus on

outcome research was symptom reduction (Cuijpers, 2019). This

approach in outcome research is similar to the current stroke and

MCI intervention study approach in which interventions would

attempt to reduce the ‘symptom’ of cognitive impairment observed in
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MCI1 and stroke. Considering the difficulties of constructing an

intervention with strong ‘far’ transfer effects to outcomes related to

QolL, it might be worth considering shifting the focus from

interventions focusing on simply training cognition to meaningful

targets to the individual.

In recent years, psychotherapy has shifted to focus more on

treatment targets that patients would like to achieve (i.e., patient-

defined outcomes) (Wampold, 2015; Kealy et al., 2019). Therefore,

MCI and stroke interventions might benefit from using a ‘two steps’

approach, where the ‘root’ and ‘fruits’ of the impairments are

addressed simultaneously through cognitive intervention and

individually-focused goals, respectively.

The concept of individualised goals is not a novel idea in

cognitive rehabilitation. According to the World Health Organisation

(WHO), rehabilitation aims to support individuals to be as

independent as possible in everyday activities and enable meaningful

activities important to the individuals (WHO, 2020). Guidance from

other health organisations stated similar reasoning and recommended

for rehabilitation to be trained in accordance with patient’s strengths,

wishes and participation goals (New Zealand’s Ministry of Health,
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2006; Scottish Intercollegiate Guidelines Network, 2013). This

provides a more holistic approach as many consider it impossible to

separate the cognitive, social, emotional, and functional aspects of

brain injury (Wilson et al., 2017).

Clinical Implications of the Thesis

Several clinical implications can be unpacked from the

current thesis. Firstly, considering the rehabilitation stance that

cognitive intervention studies should adopt to improve QoL/ADL.

Zangwill (1947) referred to three main approaches to brain

rehabilitation: compensation, substitution, and direct retraining (i.e.,

restoration). The current methodology for CCT seems to be adopting

the stance of ‘direct retraining’, which posits that

‘damaged’/impaired brain functions could be restored through

training, with its use of training protocols that aim to enhance the

impaired cognitive domain. Alternatively, CCT or cognitive

interventions could consider compensation, defined as the

reorganisation of psychological function to reduce or bypass the

impact of a specific disability, as a different approach to

rehabilitation. Researchers might also consider integrating both
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restoration and compensation approaches in cognitive interventions

moving forward.

Another implication observed from the findings was

incorporating computerisation to target the cognitive domain

responsible for QoL/ADL. Like medication, where different dosages

are required depending on the requirement of the individual,

computerisation could potentially allow interventions to be fine-

tuned/personalised to the individual’s needs, as achieved through

adaptive training protocols of cognitive training tasks.

The concept of ‘Gamification’ (i.e., incorporating game-like

features into mundane tasks) could be the answer to

‘computerisation’ of the intervention. Cognitive interventions could

be designed as mobile applications easily accessed by individuals

using mobile devices (e.g., phones or tablets). The use of

applications could encourage social connection among individuals.

Hourcade and colleagues’ (2013) designed a novel intervention for

children with Autism. The intervention was designed to encourage

children to complete tasks together using a tablet collaboratively.

The same concept could be employed in CCT, which could
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simultaneously improve cognition and enhance social engagement

between individuals.

As mentioned, computerisation of the intervention could help

with the facilitation of socio/emotional factors, which are known

factors that could impact cognition and QoL. Features like a ‘leader

board’ or ‘achievements medals’, common game elements, could

encourage engagement and prosocial behaviours (Lumsden et al.,

2016). These features are not foreign concepts in health technology

as fitness devices like FitBit use these features to encourage users to

engage in more physical activities. Hence, using these features could

therefore motivate individuals to engage more with the intervention.

Social facilitation, as mentioned, posits that performance

could decrease in the presence of another. The use of virtual space

and the absence of a physical observer could retain the sense of

competition among individuals while reducing the negative impact

social facilitation could have on task performance. Likewise, the

accessibility of the application is an advantage that cannot be

ignored. Traditional cognitive training, including laboratory

computerised training, confines individuals to specific locations for

the interventions to be carried out. Individuals with stroke or MCI
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are at risk of apathy. The added requirement adds another layer of

obstacle for intervention engagement for individuals who are already

experiencing low motivation. Hence, computerisation, and to a

certain extent ‘gamification’, allows incorporating and further

expanding competitive, social, and emotional elements into cognitive

training, more than what traditional cognitive training can offer.

However, current evidence of CCT efficacy in improving quality

QoL/ADL is inconclusive.

Research Implications

From the findings and discussions laid out in the current

thesis, several research implications can be inferred for future

research. The systematic review results suggested that more research

should be carried out differentiating the mechanisms of adaptiveness

used in interventions. The unknown mechanisms of some features in

CCT methodology presently do not help determine which parameters

contribute to or improve the interventions’ efficacy. Furthermore,

session frequency and intensity require further consideration as well.

Hence, future research is still warranted to explore the features and

characteristics identified from the review further.



189

The tentativeness of the empirical paper’s results means that

replication of the study is warranted. As mentioned above, it could be

vital to re-operationalise the dependent variables and ensure the

predictors or demographic variables are not related to the dependent

variables (i.e., not derived from the same questionnaire or domains).

Additionally, emotional and social factors need to be accounted for

as previous research has found a strong association between those

factors with cognitive task performance and QoL. Additionally, the

finding of the two papers suggested two cognitive domains that might

influence the QoL/ADL (i.e., spatial/non-spatial attention and speed

of processing). Future trials could consider teasing out the

relationship, if it exists, between the two domains or look into

determining the ‘main’ domain that underpins it all.

The thesis results might be a ‘waking call’ to shift focus from

cognitive interventions away from ‘near transfer’ outcomes to

targeting and supporting individual goals or everyday life difficulties

of people with stroke or MCI. Future research could compare

cognitive training with interventions that focused more on

individualised goals. Further research is warranted on integrating
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social, emotional and motivation features into interventions that

could potentially enhance learning and far transfer effects.
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Appendix A

Data Sharing Agreement

UNIVERSITY OF
CAMBRIDGE

Data Sharing Agresment

This agreement has been set up to share data between the University of Cambridge MRC Cognition and Brain
Zriences Unit (Polly Peers, Ficnnuala Murphy 2nd Tom Marly) and University of Ezst Angliz (Fergus Gracey and
Grant Chai).

Researchers from the MRC Cognition and Brain Sciences Unit have agreed to make available a fully anonymised
dataset arising from the study “Progressive home-based Working Memory and Attention Training following Stroke;
implications for spatial bizs: A preliminary Study.” {Cambridze NRES ref 14/EE/0149) for the purposes of 3
particular analysis relating to the effects of executive functioning, and patient/carer insight on everyday functioning
im stroke patients that will be completed by Grant Chai a= part of his Clinical Psychology Doctoral Ressarch thesis. In
sccepting the datasst, Grant Chai and Fergus Gracey agree to

*  HKeep the data securely and not distribute the data further without new explicit permission from MRC CEU
researchers

*  Make no attemnpt to re-identify participants

*  Make the MRC CBU researchers aware of any errors in the data

* | new varizbles are created (e.g. by calculation from existing scores) the UEA researchers will return = fully
annotated version of the revised dataset to the MRC CBU with sufficient explanation of how the new
variables were defined.

®*  Consult with MRC CBU researchers before submission of any manuscript, induding whether a condition of
submizsion is making data open.

®*  Include CBU res=archers on any publication arising from the analysis
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Polly Peers Fergus Gracey Grant Chai
[on behalf of the MRC-CEL) [LUEA] [UEA)
2472020 247072020

Medical Research Council Cognition and Brain Sciences Unit
University of Cambridge, 15 Chaucer Road, Cambridge CB2 TEF
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provided

* Indicate clearly if color should be used for any figures in print
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printed with the paper at the end of the abstract. Abstracts should be
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Subdivision - numbered sections
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Subsections should be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc.
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numbering also for internal cross-referencing: do not just refer to 'the

text'. Any subsection may be given a brief heading. Each heading
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queries about Methodology and Materials. Ensure that the e-mail

address is given and that contact details are kept up to date by

the corresponding author.

* Present/permanent address. If an author has moved since the work

described in the article was done, or was visiting at the time, a

'Present address' (or 'Permanent address') may be indicated as a

footnote to that author's name. The address at which the author

actually did the work must be retained as the main, affiliation

address. Superscript Arabic numerals are used for such footnotes.

Highlights
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discoverability of your article via search engines. They consist of a
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Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it

draws more attention to the online article. The graphical abstract

should summarize the contents of the article in a concise, pictorial

form designed to capture the attention of a wide readership.

Graphical abstracts should be submitted as a separate file in the

online submission system. Image size: Please provide an image with

a minimum of 531 x 1328 pixels (h x w) or proportionally more. The

image should be readable at a size of 5 x 13 ¢m using a regular

screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or

MS Office files. You can view Example Graphical Abstracts on our

information site.

Authors can make use of Elsevier's |lllustration Services to ensure the

best presentation of their images and in accordance with all technical

requirements.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to

funder's requirements:

Funding: This work was supported by the National Institutes of

Health [grant numbers xxxx, yyyy]; the Bill & Melinda Gates


https://www.elsevier.com/authors/journal-authors/graphical-abstract
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Foundation, Seattle, WA [grant number zzzz]; and the United States

Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or

type of grants and awards. When funding is from a block grant or

other resources available to a university, college, or other research

institution, submit the name of the institute or organization that

provided the funding.

If no funding has been provided for the research, please include the

following sentence:

This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively

throughout the article. Many word processors can build footnotes

into the text, and this feature may be used. Otherwise, please indicate

the position of footnotes in the text and list the footnotes themselves

separately at the end of the article. Do not include footnotes in the

Reference list.

Artwork



258

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original

artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier,

Times New Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the

published version.

* Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with

impaired color vision.

A detailed quide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed

information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application
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(Word, PowerPoint, Excel) then please supply 'as is' in the native

document format.

Regardless of the application used other than Microsoft Office, when

your electronic artwork is finalized, please 'Save as' or convert the

images to one of the following formats (note the resolution

requirements for line drawings, halftones, and line/halftone

combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to

a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line

drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or

grayscale), keep to a minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP,

PICT, WPG); these typically have a low number of pixels and limited

set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF

(or JPEG), EPS (or PDF) or MS Office files) and with the correct

resolution. If, together with your accepted article, you submit usable

color figures then Elsevier will ensure, at no additional charge, that

these figures will appear in color online (e.g., ScienceDirect and

other sites) in addition to color reproduction in print. Further

information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions

separately, not attached to the figure. A caption should comprise a

brief title (not on the figure itself) and a description of the

illustration. Keep text in the illustrations themselves to a minimum

but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be

placed either next to the relevant text in the article, or on separate

page(s) at the end. Number tables consecutively in accordance with

their appearance in the text and place any table notes below the table

body. Be sparing in the use of tables and ensure that the data
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presented in them do not duplicate results described elsewhere in the

article. Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in

the reference list (and vice versa). Any references cited in the

abstract must be given in full. Unpublished results and personal

communications are not recommended in the reference list, but may

be mentioned in the text. If these references are included in the

reference list they should follow the standard reference style of the

journal and should include a substitution of the publication date with

either 'Unpublished results' or 'Personal communication'. Citation of

a reference as 'in press' implies that the item has been accepted for

publication.

Reference links

Increased discoverability of research and high quality peer review are

ensured by online links to the sources cited. In order to allow us to

create links to abstracting and indexing services, such as Scopus,

CrossRef and PubMed, please ensure that data provided in the

references are correct. Please note that incorrect surnames,
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journal/book titles, publication year and pagination may prevent link

creation. When copying references, please be careful as they may

already contain errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a

permanent link to any electronic article. An example of a citation

using DOI for an article not yet in an issue is: VanDecar J.C., Russo

R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic

continuation of the Lesser Antilles slab beneath northeastern

Venezuela. Journal of Geophysical Research,

https://doi.org/10.1029/2001JB000884. Please note the format of

such citations should be in the same style as all other references in

the paper.

Web references

As a minimum, the full URL should be given and the date when the

reference was last accessed. Any further information, if known (DOI,

author names, dates, reference to a source publication, etc.), should

also be given. Web references can be listed separately (e.g., after the

reference list) under a different heading if desired, or can be

included in the reference list.
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Data references

This journal encourages you to cite underlying or relevant datasets in

your manuscript by citing them in your text and including a data

reference in your Reference List. Data references should include the

following elements: author name(s), dataset title, data repository,

version (where available), year, and global persistent identifier. Add

[dataset] immediately before the reference so we can properly

identify it as a data reference. The [dataset] identifier will not appear

in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references

in the list (and any citations in the text) to other articles in the same

Special Issue.

Reference management software

Most Elsevier journals have their reference template available in

many of the most popular reference management software products.

These include all products that support Citation Style Language

styles, such as Mendeley. Using citation plug-ins from these

products, authors only need to select the appropriate journal template

when preparing their article, after which citations and bibliographies


https://citationstyles.org/
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https://www.mendeley.com/reference-management/reference-manager/
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will be automatically formatted in the journal's style. If no template

is yet available for this journal, please follow the format of the

sample references and citations as shown in this Guide. If you use

reference management software, please ensure that you remove all

field codes before submitting the electronic manuscript. More

information on how to remove field codes from different reference

management software.

Users of Mendeley Desktop can easily install the reference style for

this journal by clicking the following link:

http://open.mendeley.com/use-citation-style/neuroscience-and-

biobehavioral-reviews

When preparing your manuscript, you will then be able to select this

style using the Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at

submission. References can be in any style or format as long as the

style is consistent. Where applicable, author(s) name(s), journal

title/book title, chapter title/article title, year of publication, volume

number/book chapter and the article number or pagination must be

present. Use of DOI is highly encouraged. The reference style used
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by the journal will be applied to the accepted article by Elsevier at

the proof stage. Note that missing data will be highlighted at proof

stage for the author to correct. If you do wish to format the

references yourself they should be arranged according to the

following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is

ambiguity) and the year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al." and

the year of publication.

Citations may be made directly (or parenthetically). Groups of

references can be listed either first alphabetically, then

chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and

Jones, 1999).... Or, as demonstrated (Jones, 1999; Allan, 2000)...

1

Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then

further sorted chronologically if necessary. More than one reference
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from the same author(s) in the same year must be identified by the

letters 'a’, 'b’, 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of

writing a scientific article. J. Sci. Commun. 163, 51-59.

https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of

writing a scientific article. Heliyon. 19, e00205.

https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed.

Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic

version of your article, in: Jones, B.S., Smith , R.Z. (Eds.),

Introduction to the Electronic Age. E-Publishing Inc., New York, pp.

281-304.

Reference to a website:
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Cancer Research UK, 1975. Cancer statistics reports for the UK.

http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsre

port/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015.

Mortality data for Japanese oak wilt disease and surrounding forest

compositions. Mendeley Data, v1.

https://doi.org/10.17632/xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon,

E., Harp, D., Manzini, G., Shelef, E., Lipnikov, K., Garimella, R.,

Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S.,

2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88).

Zenodo. https://doi.org/10.5281/zen0d0.3727209.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title

Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support

and enhance your scientific research. Authors who have video or


https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.issn.org/services/online-services/access-to-the-ltwa/
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animation files that they wish to submit with their article are strongly

encouraged to include links to these within the body of the article.

This can be done in the same way as a figure or table by referring to

the video or animation content and noting in the body text where it

should be placed. All submitted files should be properly labeled so

that they directly relate to the video file's content. In order to ensure

that your video or animation material is directly usable, please

provide the file in one of our recommended file formats with a

preferred maximum size of 150 MB per file, 1 GB in total. Video and

animation files supplied will be published online in the electronic

version of your article in Elsevier Web products,

including ScienceDirect. Please supply 'stills' with your files: you

can choose any frame from the video or animation or make a separate

image. These will be used instead of standard icons and will

personalize the link to your video data. For more detailed

instructions please visit our video instruction pages. Note: since

video and animation cannot be embedded in the print version of the

journal, please provide text for both the electronic and the print

version for the portions of the article that refer to this content.


https://www.sciencedirect.com/
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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Data visualization

Include interactive data visualizations in your publication and let

your readers interact and engage more closely with your research.

Follow the instructions here to find out about available data

visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips,

can be published with your article to enhance it. Submitted

supplementary items are published exactly as they are received

(Excel or PowerPoint files will appear as such online). Please submit

your material together with the article and supply a concise,

descriptive caption for each supplementary file. If you wish to make

changes to supplementary material during any stage of the process,

please make sure to provide an updated file. Do not annotate any

corrections on a previous version. Please switch off the 'Track

Changes' option in Microsoft Office files as these will appear in the

published version.

Research data

This journal encourages and enables you to share data that supports

your research publication where appropriate, and enables you to


https://www.elsevier.com/authors/tools-and-resources/data-visualization
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interlink the data with your published articles. Research data refers

to the results of observations or experimentation that validate

research findings. To facilitate reproducibility and data reuse, this

journal also encourages you to share your software, code, models,

algorithms, protocols, methods and other useful materials related to

the project.

Below are a number of ways in which you can associate data with

your article or make a statement about the availability of your data

when submitting your manuscript. If you are sharing data in one of

these ways, you are encouraged to cite the data in your manuscript

and reference list. Please refer to the "References" section for more

information about data citation. For more information on depositing,

sharing and using research data and other relevant research materials,

visit the research data page.

Data linking

If you have made your research data available in a data repository,

you can link your article directly to the dataset. Elsevier collaborates

with a number of repositories to link articles on ScienceDirect with

relevant repositories, giving readers access to underlying data that

gives them a better understanding of the research described.


https://www.elsevier.com/authors/tools-and-resources/research-data
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There are different ways to link your datasets to your article. When

available, you can directly link your dataset to your article by

providing the relevant information in the submission system. For

more information, visit the database linking page.

For supported data repositories a repository banner will

automatically appear next to your published article on ScienceDirect.

In addition, you can link to relevant data or entities through

identifiers within the text of your manuscript, using the following

format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;

PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any

research data (including raw and processed data, video, code,

software, algorithms, protocols, and methods) associated with your

manuscript in a free-to-use, open access repository. During the

submission process, after uploading your manuscript, you will have

the opportunity to upload your relevant datasets directly to Mendeley

Data. The datasets will be listed and directly accessible to readers

next to your published article online.

For more information, visit the Mendeley Data for journals page.



https://www.elsevier.com/authors/tools-and-resources/research-data/data-base-linking
https://www.elsevier.com/authors/tools-and-resources/research-data/data-base-linking#repositories
https://www.elsevier.com/authors/tools-and-resources/research-data/mendeley-data-for-journals

272

Data statement

To foster transparency, we encourage you to state the availability of

your data in your submission. This may be a requirement of your

funding body or institution. If your data is unavailable to access or

unsuitable to post, you will have the opportunity to indicate why

during the submission process, for example by stating that the

research data is confidential. The statement will appear with your

published article on ScienceDirect. For more information, visit

the Data Statement page.



https://www.elsevier.com/authors/tools-and-resources/research-data/data-statement

273

Appendix C

Instructions for Submission for Journal of the International

Neuropsychological Society

Manuscript Length

In order to increase the number of manuscripts that can be published

in the Journal of the International Neuropsychological Society,

please adhere to the following length requirements. Please provide a

word count on the title page for the abstract and manuscript (not

including abstract, tables, figures, or references). Manuscripts will

be returned if they exceed length requirements.

Regular Research Article: Maximum of 5,000 words (not including

abstract, tables, figures, or references) and a 250 word abstract.

Regular Research Articles are original, creative, high quality papers

covering all areas of neuropsychology; focus may be experimental,

applied or clinical.

Manuscript Preparation and Style

The entire manuscript should be typed double-spaced

throughout using a word processing program. Unless otherwise

specified, the guideline for preparation of manuscripts is

the Publication Manual of the American Psychological Association
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(6th edition) except for references with 3 or more authors (see

References section). This manual may be ordered from: APA Order

Dept., 750 1st St. NE, Washington, DC 20002-4242, USA.

Pages should be numbered sequentially beginning with the

Title Page. The Title Page should contain the full title of the

manuscript, the full names and institutional affiliations of all

authors; mailing address, telephone and fax numbers, and e-mail

address for the corresponding author; and the word count for the

abstract and manuscript text (excluding title page, abstract,

references, tables, and figures). At the top right provide a short title

of up to 45 characters preceded by the lead author's last name.

Example: Smith-Memory in Parkinson's Disease. This running head

should be repeated at the top right of every following page.

Page 2 should include an Abstract and a list of at least six keywords

or mesh terms. Note: structured abstracts must be included with

papers submitted after January 1, 2014. A structured abstract must

include four header labels: Objective, Method, Results, and

Conclusions. A total of six mesh terms

(http://www.nlm.nih.gov.uea.idm.oclc.org/mesh/) or keywords should

be provided and should not duplicate words in the title.


https://www-nlm-nih-gov.uea.idm.oclc.org/mesh/
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The full text of the manuscript should begin on page 3. For

scientific articles, including Regular Research Articles, Brief

Communications, Rapid Communications, and Symposia, the format

should include a structured Abstract, Introduction, Method, Results,

and Discussion. This should be followed by Acknowledgments,

References, Tables, Figure Legends, Figures, and optional

Appendices and Supplemental Material.

The use of abbreviations, except those that are widely used, is

strongly discouraged. They should be used only if they contribute to

better comprehension of the manuscript. Acronyms should be spelled

out at first mention. Metric system (SI) units should be used.

Appendices and Supplemental Materials may be submitted.

Appendices include material intended for print and should be

included with the manuscript file. Supplementary material will

appear only online and should be submitted as a separate file.

Supplementary material is replicated as-is.

The Acknowledgements Section should include two parts: a

Conflicts of Interest disclosure (see above) and a statement to

disclose all Funding sources of financial support for the paper. If no

Conflicts of Interest exist, you will be required to state as such
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("COI: None." or a similar statement). In documenting financial

support, please provide details of the sources of financial support for

all authors, including grant numbers. For example, "This work was

supported by the National Institutes of Health (grant number

XXXXXXX)". Multiple grant numbers should be separated by a

comma and space and where research was funded by more than one

agency, the different agencies should be separated by a semicolon

with "and" before the final funding agency. Grants held by different

authors should be identified using the authors' initials. For example,

"This work was supported by the Wellcome Trust (A.B., grant

numbers XXXX, YYYY), (C.D., grant number ZZZZ); the Natural

Environment Research Council (E.F., grant number FFFF); and the

National Institutes of Health (A.B., grant number GGGG), (E.F.,

grant number HHHH)."

Tables and Figures should be numbered in Arabic numerals.

Figures should be numbered consecutively as they appear in the text.

Figures should be twice their intended final size and authors should

do their best to construct figures with notation and data points of

sufficient size (recommended > 300 dpi) to permit legible photo

reduction to one column of a two-column format. Please upload
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figure(s) in either a .doc, .jpeg, .tiff, or .pdf format. There is no

additional cost for publishing color figures. The approximate position

of each table and figure should be provided in the manuscript with

call-outs: [INSERT TABLE 1 HERE]. Tables and figures should be

on separate pages. Tables should have short titles and all figure

legends should be on separate pages. All tables and figures must have

in-text citations in order of appearance.

Figures submitted in color will appear online in color, but all

figures will be printed in black and white unless authors specify

during submission that figures should be printed in color, for which

there may be a fee. There is no additional cost for publishing color

figures in the print version of the journal for corresponding authors

who are INS members. For non-members, the cost for publishing

color figures in print version of the journal will be $320 per figure

with a cap of $1600 per article.

References should be consistent with the Publication Manual

of the American Psychological Association (6th Edition). In-text

references should be cited as follows: "...Given the critical role of

the prefrontal cortex (PFC) in working memory (Cohen et al., 1997;

Goldman-Rakic, 1987; Perlstein et al., 2003a, 2003b)..." with
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multiple references in alphabetical order. Another example: "...Cohen

et al. (1994, 1997), Braver et al. (1997), and Jonides and Smith

(1997) demonstrated..."

References cited in the text with two authors should list both

names. References cited in the text with three, four, or five authors,

list all authors at first mention; with subsequent citations include

only the first author's last name followed by et al. References cited

in the text with six or more authors should list the first author et al.

throughout. In the reference section, for works with up to seven

authors, list all authors. For eight authors or more, list the first six,

then ellipses followed by the last author's name. Examples of the

APA reference style are as follows:

Online/Electronic Journal Article with DOI: Dikmen, S.,

Machamer, J., Fann, J. & Temkin, N. (2010). Rates of symptom

reporting following traumatic brain injury. Journal of

the International Neuropsychological Society, 16, 401-411.

doi:10.1017/S1355617710000196

Scientific Article: Giovannetti, T., Britnell, P., Brennan, I.,

Siderowf, A., Grossman, M., Libon, D.J., Seidel, G.A. (2012).
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Everyday action impairment in Parkinson's disease dementia. Journal

of the International Neuropsychological Society, 18, 787-798.

Book: Lezak, M.D., Howieson, D.B., Bigler, E.D., Tranel, D.

(2012). Neuropsychological Assessment. New York: Oxford

University Press.

Book Chapter: Mahone, E.M. & Slomine, B.S. (2008).

Neurodevelopmental disorders. In J.E.Morgan, & J.H. Ricker

(Eds.), Textbook of Clinical Neuropsychology (pp. 105-127). New

York:Taylor & Francis.

Report at a Scientific Meeting: Weintraub, S. (2012, June). Profiles

of dementia: Neuropsychological, neuroanatomical and

neuropathologic phenotypes. International Neuropsychological

Society, Oslo, Norway.

Manual, Diagnostic Scheme, etc.: American Psychiatric Association

(1994). Diagnostic and Statistical Manual of Mental Disorders (4th

ed.). Washington, DC: American Psychiatric Association Press.



