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Abstract

Decline in cognitive abilities is a predominant feature of cognitive ageing and
neuropathological conditions, which is attributed to the decline of executive functions (EFs).
Four EFs are suggested to be particularly important, dual-tasking (DT), inhibition, shifting,
and working memory (WM) updating. As part of the research completed in this thesis, two
studies sought to determine the age-associated trajectory of decline of these abilities as this
has not been extensively researched. An initial literature review (Chapter 2) evaluated how
these abilities have previously been examined in cognitively healthy and pathological

impaired older adults.

A cross-sectional behavioural study (Chapter 3) conducted between young and older adults
where each EF was assessed with a pair of tasks, showed age-associated decline in some
measures. Results further demonstrated that inhibition, shifting, and updating declined at a
comparable high rate, whereas DT declined independently at a lower rate. A following
correlation analysis (Chapter 4) between task pair measures of each EF in both age groups,
found a significant positive correlation in DT in the older adults. Confirmatory factor analysis
(Chapter 4) of these task measures revealed the older adults showed a better common EF
factor loading than the young adults. Furthermore, correlation loading analysis between the
EFs showed a weakly correlated four-factor model in the young adults, and three- and two-
factor models in the older adults, indicating age-related structural change of EFs due to

dedifferentiation (Koen & Rugg, 2019; La Fleur et al., 2018).

Lastly, a voxel-based morphometry study (Chapter 6), using secondary imaging data from
the OASIS-3 database (LaMontagne et al., 2019) of participants ranging from cognitive
healthy to advance Alzheimer’s disease, identified substantial atrophy in the medial
temporal lobes but not in the prefrontal cortex, the region primarily associated with EF
processing. Nevertheless, atrophy in midbrain structures which are important for EF

processing seemed to be associated with performance in the EF tasks employed.

The findings of this thesis illustrate that cognitive ageing is not a unitary process, therefore,
further research into how the trajectory of the four EFs differs in neuropathological

conditions would aid in understanding cognitive impairment greatly.
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Chapter 1, Introduction

1.1 Introduction

Non-pathological cognitive ageing, or age-associated cognitive decline, is an important area
of research. Cognitive abilities refer to mental processes that regulate and control our
cognition, of which language, memory, and executive functions (EFs) are considered
subsets. Studying the gradual decline and/or preservation of such processes allows for a
better understanding of the trajectories of ageing and its differentiation from pathological
cognitive impairment (Craik & Salthouse, 2008; Petersen et al., 1997; Salthouse, 2005, 2012;
Salthouse et al., 1989; Salthouse & Meinz, 1995). Moreover, not all cognitive abilities are
affected by ageing or decline at the same rate in older adults as compared with younger
adults, due to individual variability (Craik, Eftekhari, et al., 2018). Similarly, in some older
adults, the rate of cognitive decline can be substantially greater than expected, and these
individuals may develop mild cognitive impairment (MCl), or a form of dementia (Riddle,

2007).

Accordingly, with a progressively ageing population, there is an urgent need to distinguish
between cognitive abilities that have an increased or decreased susceptibility to normal
ageing in order to aid in the early detection, monitoring, and potential treatment of
pathological cognitive impairment, i.e. dementia. In the United Nations World Population
Ageing 2019 report, there was estimated to be approximately 143 million individuals aged
80 years and older globally, which is expected to triple to 426 million by 2050. Additionally,
data from the World Population Prospects: the 2019 Revision stated the number of
individuals aged 65 years and older is projected to increase from one in eleven in 2019 (9%)

to one in six (16%) by 2050 (United Nations, 2020).

Normal ageing supports the maintenance of cognitive ability, which is of great importance
for preserving independence in older life (World Health Organisation, 2020). In the early to
mid-twenties, cognitive abilities are thought to be at their optimum, before gradually
declining with advanced age (Nissim et al., 2017; O’Shea et al., 2016). Thus, age-associated
impairments in reasoning, processing speed, and particularly memory (Craik & Salthouse,

2008; Steinberg et al., 2013; Tromp et al., 2015), may start to arise at around 50 years of age
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(Goh & Park, 2009; Hedden & Gabrieli, 2004). However, life experiences such as education,
travelling and employment, may compensate for such deteriorations (Grady, 2012).
Nevertheless, the transition to pathological cognitive impairment, particularly MCl and

subsequently dementia, is not fully understood.

MClI is regarded as a precursor for all dementias, i.e. an intermediate stage between healthy
cognition and pathological decline (Gauthier et al., 2006; Mufson et al., 2012).
Approximately 5-20% of individuals aged 65 and over are living with MCI, with an annual
average rate of 10-17% progressing to Alzheimer’s disease (AD), the commonest type of
dementia (Alzheimer’s Society, 2015; Association Alzheimer’s, 2017; Reinvang et al., 2012).
Dementia is a group of progressive neurodegenerative disorders affecting approximately
850,000 individuals in the United Kingdom and 50 million globally, which is predicted to
increase to 152 million by 2050. AD is estimated to affect 1 in 14 individuals aged 65 and
over, increasing to 1 in 6 in individuals aged 80 and over. Although AD is usually associated
with older age, approximately 1 in 20 incidences (i.e. 5%) are from individuals aged between
40 to 65. Hence, it is a major public health issue as there is currently no cure (Association

Alzheimer’s, 2017; National Health Service, 2021).

This study aimed to investigate how EFs differ as a consequence of cognitive ageing and
pathological impairment. Assessment was focused on four functions commonly utilised in
everyday life, dual-tasking, inhibition, shifting and updating (Alvarez & Emory, 2006;
Baddeley, 2012; Miyake, Friedman, et al., 2000; Suchy, 2009). The aim was to better
understand the nature and rate of their decline in order to gain further knowledge in the

area and possibly limit public health burden in the future.

This introductory chapter will present an overview on cognition, its functional
neuroanatomical correlates, and an overview of the four cognitive abilities relevant to this
thesis. A discussion of age-associated cognitive decline and how it differs from cognitive
impairment, including a description on how neuropathological changes in MCl and AD
correlate with reduced cognitive abilities will also be presented. The chapter will conclude

with an outline of the aims of the thesis.
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1.2 Cognition and Cognitive Ability

Cognition refers to our ability to think, the mental process used in acquiring knowledge,
such as attention, memory, perception, reasoning, and problem-solving. It is contingent on
control from the frontal lobes, specifically the prefrontal cortex (PFC) with interaction from
other brain regions, including the hippocampus within the temporal lobe (Craik & Salthouse,
2008; Garcia-Alvarez et al., 2019; Riggall & Postle, 2012). A summary of these processes and

their associate brain regions can be viewed in Figure 1.1. and Table 1.1.

Frontal Lobe Parietal Lobe

Occipital Lobe

Temporal Lobe

Figure 1.1. Lobes of the Human Brain (The Northern Brain Injury Association).

Cognitive ability is the mental capacity to perform tasks of various complexities including
planning, abstract thinking, complex idea comprehension, memory, and learning from
practice. These are key competencies that are required to meet the challenges of everyday
life, such as in employment, education, training, and societal expectations. Issues in any of
these areas can greatly affect an individual’s ability to live a fulfilling life, and depending on
the region of the brain affected, may be an indicator of a neurodegenerative condition
affecting cognition. Thus, when decline in cognitive ability is witnessed it frequently reflects
a decline in one or more EF (Craik & Salthouse, 2008; Engle et al., 1999; Urbanowitsch et al.,
2015; Wongupparaj et al., 2015). These functions will now be discussed in detail in the

following section.
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Table 1.1. Cognitive functions of the Brain Lobes. This table presents the main cognitive functions
associated to their brain region.

Brain Lobes Cognitive Function

Frontal Decision-making, thinking, planning, problem solving, emotions,
behavioural control

Temporal Memory processing (long-term), facial recognition, emotion, auditory
processing, language comprehension, speech, vision

Parietal Knowledge of numbers, object classification, perception, spelling,
visuospatial processing

Occipital Vision, spatial and visual processing, colour identification

1.3 Executive Functions: An Overview

EFs are traditionally conceptualised as a set of high-level cognitive processes implicated in
the control and regulation of lower-level cognitive functions of goal-directed and future-
oriented behaviours. Originally thought of as a single homogenous entity, further research
determined EFs to be also considered as a heterogeneous group of functions. Homogenous,
in that they have an underlying common factor (‘unity’) but also different (‘diversity’)
(Miyake, Friedman, et al., 2000). Subsequently, several EFs have been identified, including
abstract reasoning, attention, decision-making, dual-tasking, interference control, response
inhibition, mental shifting, problem solving, and working memory (WM) updating, which are
all vital for living a successful life (Alvarez & Emory, 2006; Baddeley, 1996, 2012; Collette &
Linden, 2002; Friedman & Miyake, 2017; Lezak et al., 2012; Miyake, Friedman, et al., 2000;
S. E. Price et al., 2010; Suchy, 2009). Miyake, Friedman, et al (2000) proposed the most
fundamental EFs to be dual-tasking, response inhibition, mental shifting, and WM updating
(Baddeley, 2012; Baddeley & Hitch, 1974; Miyake, Friedman, et al., 2000; Salthouse, 2005).
Thus, this thesis aims to investigate the rate of deterioration of these four EFs as a
consequence of healthy ageing. Such knowledge would be important in optimising
assessments, diagnosis, and potential training and/or rehabilitation efforts in individuals
living with cognitive impairments. The concept of WM and one of its models will now be

discussed.
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1.3.1 The Central Executive Model of Working Memory

The central executive (CE) model, proposed by Baddeley & Hitch (1974) and inspired by
Norman and Shallice's Supervisory Attention System model (SAS) (Norman & Shallice, 1986),
is one of the most influential models of WM. The SAS is described to comprise of two basic
control systems to determine how activities are executed. The first is a lower-level system
referred to as the ‘contention scheduling system’, which involves routine, overlearned and
automatic behaviours. The second is a higher-level system termed the ‘supervisory
attention system’, which involves the flexible modulation of the lower-level activities. Such
modulations may involve the activation or inhibition of lower-level behaviours to allow for

adaptation to non-routine or novel situations.

The CE model consisted of three systems, the central executive system (CES), and its two
slave components, the phonological loop (PL) and the visuospatial sketchpad (VSSP). The
CES, also known as the supervisory system, controls, coordinates, regulates, and integrates
the influx of new information into the slave systems and the exchange between systems. In
addition, it determines which system, the PL or VSSP, is recruited for the required
information, and the allocation of cognitive resources to handle the integration and
suppression of mental processes. Its key functions include selective attention, inhibition,
shifting between tasks, and the updating of WM. Thus, the CES can be interpreted as a
general controlling centre, akin to the SAS (Postle, 2017). The PL facilitates the storage of
auditory information for language comprehension. It comprises two components, the
phonological store, which is associated with speech perception, acting as an inner ear to
hold verbal information for approximately 1 to 2 seconds, and the articulatory rehearsal
component or loop, which prevents the rapid decay of memory traces by refreshing them
through rehearsal of the internal voice. The VSSP, the inner eye, assists in the encoding and
storage of two systems, the visual, for colour and shape information, and the spatial, for
spatial and movement information. The fourth component, the episodic buffer, was added
in 2000 (Baddeley, 2000). It is referred to as the third slave system and acts as a temporary
storage unit capable of linking information from the PL and VSSP with long-term memory
(LTM), therefore integrating all the information into a single episodic perception (Baddeley,

1996, 2000; Baddeley & Hitch, 1974). Figure 1.2 illustrates the entire CES model.
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Figure 1.2. The Baddeley and Hitch Model of Working Memory (WM). The CES is presented with its
three slave systems: the VSSP, PL and episodic buffer (Baddeley, 1996, 2000).

1.3.2 Executive Functions and the Prefrontal Cortex

Neuroanatomically, EFs are associated with several cortical, subcortical, and cerebellar
areas of the brain. The PFC (anterior part of the frontal lobe) is primarily implicated and
recognised as its controlling centre (Hunter & Sparrow, 2012), and according to the
Baddeley and Hitch model of WM, it harbours the CES (Baddeley & Hitch, 1974). Thus,
damage to this region, as observed in clinical cases of individuals with frontal lesions results
in deficits in WM performance, which is evident by a Baddeley et al (1991) longitudinal
study assessing individuals living with AD. These participants were especially impaired in
performing a dual-task (DT) paradigm (the concurrent performance of two tasks), whilst
single-task (ST) performance was maintained. Thus, the PFC neural networks are of great

importance to EF performance and will be discussed in more detail in Chapter 5.

Structurally, the PFC can be divided into dorsolateral (DLPFC), dorsomedial (DMPLC),
ventrolateral (VLPFC), ventromedial (VMPFC), and orbitofrontal (OFC) (Carlén, 2017;
Funahashi & Andreau, 2013; Sarter et al., 2001) regions as shown in Figure 1.3. There is also
a medial structure adjacent to the PFC known as the anterior cingulate cortex (ACC)

(Alexander et al., 1986; Carlén, 2017; Christoff & Gabrieli, 2000; Reinvang et al., 2012).
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Figure 1.3. The Prefrontal Cortex and the Anterior Cingulate Cortex (ACC). The subregions of the PFC:
the DLPFC, DMPLC, VLPFC, VMPFC, and OFC are shown, along with the ACC. Both views, A and B,
represent the front-side view of the brain, with the dashed black line denoting the sagittal midline
(Carlén, 2017).

The DLPFC can further be divided into smaller cytoarchitectonic regions referred to as a
Brodmann’s area (BA), encompassing BAs 8, 9 and 46. DMPLC consists of BA8 as well as BA9,
however in literature it is typically included as part of the DLPFC (Carlén, 2017). It plays a
central role in the executive control of EFs due to its many neural connections with the rest
of the brain. It is typically associated with WM, attention and particularly in the monitoring
and manipulating of cognitive processes (Curtis & D’Esposito, 2003; Rebecca, 2003; Suchy,
2009). Furthermore, through lesion studies, it has been found that the left DLPFC is required
for manipulating information in WM whereas the right DLPFC deals with goal-directed

behaviour and adaptive decision-making (Barbey et al., 2013; Postle, 2017).

The OFC (BA10 and 14) can be divided into three subregions, the ventral (vOFC), lateral
(IOFC), and medial OFC (mOFC). It is associated with decision-making, emotional processing,
pleasure, judgment, learning, and personality. Specifically, the vOFC is associated with
reward and fear, the IOFC with stimulus-outcome associations and behavior processing, and
the mOFC with stimulus-reward associations and behavior reinforcement (Bechara et al.,
2000; Carlén, 2017; Rolls, 2019; Rolls & Grabenhorst, 2008; Rudebeck & Rich, 2018;
Stalnaker et al., 2015).

The VLPFC (BAs 44, 45 and 12/47) sometimes referred as the inferior frontal gyrus (IFG) or
inferior prefrontal cortex (IPC), is associated with the control and retrieval of processes from
the posterior cortex and shifting processes (Barbey et al., 2013; Carlén, 2017; Konishi,

Nakajima, Uchida, Kameyama, et al., 1998; Wise, 1999). In particular, the right region, for
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cognitive control, goal-appropriate response selection in WM, and inhibitory mechanisms in
WM, specifically for resolving interference from previous events (Aron et al., 2014; Konishi
et al., 1999; Levy & Wagner, 2011; Nozari et al., 2016; Nozari & Thompson-Schill, 2015;
Rebecca, 2003). Whilst the left region, Broca’s area (BAs 44 and 45), is associated with
language production, especially linguistic motor control, planning, syntax sequencing, and

phonological processing (Teffer & Semendeferi, 2012; Wager & Smith, 2003).

The VMPLC (BAs 11, 12/47, and 13) is involved in the regulation and utilisation of emotional
information for decision-making, i.e. emotional intelligence, as well as in planning and social

conduct (Carlén, 2017; D’Argembeau, 2013; Lezak et al., 2012).

The ACC (BAs 24, 25, 32, and 33) has been described by many researchers as an important
brain region in executive functioning and implicated in empathy, impulse control (e.g.
performance monitoring and error detection), emotion, and decision-making (Carlén, 2017;
Collette & Linden, 2002; Glisky, 2007). The dorsal ACC (dACC) is associated with cognitive
factors through its connections with the PFC, parietal cortex, the motor system, and the
frontal eye fields. The ventral ACC (VACC) is concerned with emotional factors, such as

assessing emotional salience and motivational information (Bush et al., 2000).

The prefrontal-executive theory proposed by Dempster & Vegas (1992) and validated by
West (1996) suggests that local structural and functional changes in the PFC areas, as
observed during ageing and in neurodegenerative conditions, results in specific declines in
EFs. This is thought to result in widespread cognitive deficits, observed mainly through task
performance. Such performance change is elaborated upon in Chapter 5. The Scaffolding
Theory of Ageing and Cognition (STAC), initially proposed in 2009 and updated in 2014 (Park
& Reuter-Lorenz, 2009; Reuter-Lorenz & Park, 2014), also describes how ageing affects
cognitive ability. It states the level of cognitive function a person exhibits is due to a
combination of negative indices including neural degradation and functional decline, and
positive processes, termed “compensatory scaffolding” to amend or offset these adverse
effects. Such compensatory processes include the recruitment of supplementary neural
networks to provide additional support to the ageing brain for preservation of cognitive

function, and the influence of genetics, health, experience, and lifestyle on cognition.
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To conclude, EFs control and regulate our cognition, primarily from the PFC, which can be
subdivided into the DLPFC, DMPLC, OFC, VLPFC, VMPLC, and ACC. These regions work
individually or in cooperation with one another and/or other brain regions to process
appropriate input signals in order to produce a cognitive process. However, as a
consequence of ageing and pathological conditions, changes in the PFC structure may result

in modification of EFs and thus cognitive ability.

There has been considerable research regarding the identification of which EFs are
fundamental to our daily lives. The consensus is that dual-tasking, response inhibition,
(mental) shifting and (WM) updating are critical (Miyake et al., 2000). These are discussed in

more detail in the following section.

1.4 The Four Fundamental Executive Functions

1.4.1 Dual-tasking

Dual-tasking is the simultaneous performance of two tasks (Baddeley, 1996; Della Sala et al.,
1995b; Miyake, Friedman, et al., 2000). This has been implicated in the process of divided
attention (Salo et al., 2015) which will be elaborated in the attention section 1.5.1. It is
sometimes confused with task switching, i.e. shifting. However, the difference is that
divided attention involves the simultaneous performance of two tasks, such as driving and
using a mobile phone (Szameitat et al., 2015), in comparison to alternating (or shifting)
between two or more tasks. This is essentially performing two tasks as single-tasks, such as
going back and forth between reading an email and a text message on your phone (Monsell,

2003; Strobach et al., 2018; Worringer et al., 2019).

Various types of tasks are considered for DT assessment, but this discussion and overall
research will be limited to DT ability in cognitive paper-and-pen and computer-based tasks,
i.e. primary testing of mental skills not of motor function. These types of tests include the
alphanumeric equation task and visual detection task (Clément et al., 2013; Compton &
Logan, 1991; Logan, 1988), Brown Peterson task (J. Brown, 1958; Peterson & Peterson,
1959), test of everyday attention (TEA) DT telephone search subtest (Robertson et al.,
1994), tracking and digit recall test (Baddeley et al., 1986), and the psychological refractory
period (PRP) paradigm (Telford, 1931; Welford, 1952). These tasks are elaborated upon in

Appendix 1. DT ability is typically assessed by comparing the difference in performance
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during ST to performance during DT conditions. This is referred to as the DT cost, and

qguantified using the formula, “DT performance - ST performance”.

A number of studies (Collette & Linden, 2002; D’Esposito et al., 2000; Goldman-Rakic, 1995;
Salmon et al., 1996; Wise, 1999) have identified the PFC as the control centre for DT
performance. The precise region(s) activated within is thought to be dependent on the
specific DT paradigm employed as well as the age of the participant (Hartley et al., 1999;
Riby et al., 2004). It has been primarily associated with the DLPFC, with the ACC recruited as
task difficulty increases (Collette, Olivier, et al., 2005; D’Esposito et al., 2000; D’Esposito &
Postle, 2015; Hartley et al., 2011; Shi et al., 2014; Szameitat et al., 2002).

1.4.2 Inhibition

Inhibition can be defined in several ways, such as cognitive inhibition in reference to the
inhibition of memory and thoughts. For the purposes of this thesis, the focus will be on
response inhibition, defined as intended inhibition of prepotent responses or suppression of
dominant responses. Effectively, the process by which automated, previously prepared
response are suppressed (Bender et al., 2016; Diamond, 2013; Miyake, Friedman, et al.,

2000; Salthouse et al., 2003).

It is commonly examined with the utilisation of interference paradigms which compares
performance during congruent (non-inhibition) and incongruent (inhibition) conditions.
Such tasks include the delay of gratification (Mischel et al., 1972), negative priming (Tipper,
1985), go/no-go (Newman & Kosson, 1986), stop-signal task (Logan et al., 2014), Hayling
sentence completion task (HSCT) (Burgess & Shallice, 1997), Stroop task (Stroop, 1935),
antisaccade task (Hallett, 1978), Simon task (Simon, 1969), and the flanker task (Eriksen &

Eriken, 1974). Most of these are described in detail in Appendix 1.

The right VLPFC is said to be implicated during the incongruent condition (Aron et al., 2014;
Aron, Robbins, et al., 2004; Bender et al., 2016; Blasi et al., 2006; Diamond, 2013; J. E. Fisk &
Sharp, 2004; Konishi et al., 1999; Stuss & Alexander, 2000). Furthermore, the complexity of
the processes involved in inhibition can require the involvement of other cortical areas such
as the parietal cortex and the basal ganglia depending on the task need (Collette & Linden,

2002; Kok, 1999; A. Sebastian et al., 2013).
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1.4.3 Shifting

Mental set shifting or switching, also referred to as attention switching, task switching or
cognitive flexibility, is the process of moving or shifting attention between multiple tasks or
operations (Diamond, 2013; J. E. Fisk & Sharp, 2004; Miyake, Friedman, et al., 2000;
Schnitzspahn et al., 2013). It requires the alternation of performance between two similar
tasks, i.e. the detachment from an irrelevant task set with the subsequent participation of a
more relevant task set, important in decision-making situations (Diamond, 2013).
Neuropsychological tasks utilised in its assessment include the design fluency task (Harter et
al., 1999; Jones-Gotman & Milner, 1977), more-odd shifting task (Salthouse et al., 1998),
task switching paradigm (G. Wylie & Allport, 2000), intra-extra dimensional set shifting
(Saunders & Summers, 2010; Scheggia et al., 2014; Summers & Saunders, 2012), trail making
test (TMT) (Reitan, 1992; Reitan & Wolfson, 1986) and the Wisconsin card sorting test
(WCST) (Berg, 1948; Nelson, 1976). Please see Appendix 1 for more detail about the tasks.
Participants are usually required to perform two task conditions separately, a repetition, i.e.
completion of the same task repeatedly, and shifting, i.e. a mixed condition where two
different tasks are randomly assigned for completion, so a participant must shift between
task requirements. Shifting ability is quantified by the performance difference between the
two conditions, referred to as the shifting/switching cost (G. Wylie & Allport, 2000) and

calculated using the formula “Shifting performance — Repetition performance”.

Neuroanatomically, it is primarily associated with VLPFC for both repetition and shifting
conditions, along with the dACC, parietal lobe and the occipital lobe (Brass & Cramon, 2004;
Braver et al., 2003; Collette & Linden, 2002; Fellows & Farah, 2003; Chobok Kim, Johnson, et
al., 2012; Kimberg et al., 2000; J. H. Kramer et al., 2007; Monsell, 2003; Worringer et al.,
2019).

1.4.4 Updating

WM updating is defined as the constant revision of information in short-term memory (STM,
the capacity to retain information for a short period of time), and of monitoring WM, i.e. the
process of assessing ongoing functions and detecting errors (D’Esposito & Postle, 2015;
Engle et al., 1999; Miyake, Friedman, et al., 2000). It continuously modifies the content of

STM to accommodate new information, operating beyond simply maintaining task-relevant
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information but by processing and manipulating the new content into WM (Lehto, 1996;
Miyake, Friedman, et al., 2000; Morris & Jones, 1990; Salthouse et al., 2003). This is an

important factor in accomplishing planned tasks in an ever-changing environment.

Common tasks utilised in its assessment include the alpha span task (Craik, Bialystok, et al.,
2018), backward digit recall span (BDS) (Egeland, 2015; P. T. Griffin & Heffernan, 1983;
Saklofske & Schoenberg, 2011; Wechsler, 2012), letter number sequencing (LNS) (Egeland,
2015; Mielicki et al., 2018; Saklofske & Schoenberg, 2011; Wechsler, 2012) and the n-back
test (Jaeggi et al., 2010; Kirchner, 1958), all of which are described in Appendix 1. Its ability
is assessed by quantifying the participants’ performance across increasing memory load,

which normally declines as load increases.

The DLPFC is known to be the central region for the updating process, though the medial
prefrontal cortex (mPFC) including the DMPLC, VMPLC, dACC, are implicated as well.
Further, the non-PFC regions, the basal ganglia, thalamus, and posterior parietal cortex
(PPC) are also recruited in its process. More specifically, maintenance of WM is said to be
dependent on the DLPFC, mPFC, and PPC, collectively known as the fronto-parietal network
(FPN), whereas updating is believed to be reliant on the basal ganglia, and thalamus
(Collette, Olivier, et al., 2005; Collette & Linden, 2002; D’Ardenne et al., 2012; D’Esposito et
al., 1999; D’Esposito & Postle, 2015; Nir-Cohen et al., 2019; Nyberg & Eriksson, 2016; Postle,
2017; Roth & Courtney, 2007; Salmon et al., 1996; Stuss & Alexander, 2000; Stuss & Levine,
2002; Wager & Smith, 2003).

The brain structures and networks involved with these EFs are discussed in more detail in

Chapter 5.

To summarise, this section reviewed the PFC regions and neuropsychology tasks primarily
associated with the EFs dual-tasking, inhibition, shifting and updating. This is essential for
understanding how cognitive processes occur and for establishing a foundation to
investigate their behavioural and neural activity in various populations, for instance in
healthy ageing and pathological populations. Hence, the subsequent two sections will be a

summary of how healthy cognitive ageing and cognitive impairment affects EFs.
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1.5 Cognitive Ageing

EF abilities vary across an individuals’ life with improvement during childhood and
adolescence before a gradual decline starting in the early thirties as a result of the brain
starting to deteriorate (Buckner, 2004; Cheng, 2016; de Frias et al., 2006; J. E. Fisk & Sharp,
2004; Johnson et al., 2010; Kirova et al., 2015; Lamar et al., 2004; MacPherson et al., 2002;
Meng & D’Arcy, 2012; Salthouse et al., 2003; Salthouse, 2012; Verhaeghen & Cerella, 2002).
In addition, epidemiological studies have demonstrated that individual differences in age-
associated brain changes, and its associated cognitive decline, including pathological
impairment, may be attributed to lifetime experiences, e.g. educational and occupational
attainment, leisure activities in later life, and genetics (Brayne et al., 2010; Cadar et al.,
2016; Friedman et al., 2008; Hale et al., 2011; Meng & D’Arcy, 2012; Russell et al., 2019).
Decline can be exacerbated by the occurrence of psychiatric conditions such as depression
and the presentation of a cardiovascular condition such as diabetes, hypercholesterolemia,
or hypertension (Cheng, 2016; Facal et al., 2014; Meng & D’Arcy, 2012; Urbanowitsch et al.,
2015). Consequently, the concept of cognitive reserve, which refers to differences in the
resilience of individuals to neuropathological changes has been introduced. The consensus is
that individuals with increased education attainment, better occupation, and lifestyle tend
to have higher cognitive reserve and thus maintain their cognitive abilities for longer and
perform better in tasks (Barulli et al., 2013; Dubois et al., 2016; Kaufman et al., 2016). This
may be possibly due to increase of these individuals’ mental capacity to compensate for
neurological damaged areas. Thus, encouraging more efficient neural processing through
the recruitment of alternative brain networks, i.e. plasticity (Goh & Park, 2009). In persons
with a genetic predisposition to developing cognitive impairment, it seems to delay the
onset of dementia or create a stabilisation at the mild intermediate stage, i.e. MCI (Soldan,

2018).

Additionally, a portion of individuals maintain a constant level of their abilities throughout
their life and as such perform comparably with younger individuals, these persons are
labelled as super agers (Cadar, 2018; Glisky, 2007; Zanto & Gazzaley, 2019). Moreover,
crystallised abilities or crystallised intelligence, i.e. skills attributed to general knowledge
and vocabulary, are maintained with ageing, and can even improve, since they are formed

through the accumulation of information created from an individual’s life experience. As a
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result, older adults have the tendency to be superior in tasks utilising these abilities such as
the National Adult Reading test (NART) (Nelson, 1982), but not fluid abilities or intelligence,
i.e. cognitive ability involved in the processing of unique information, which undergoes age-
associated decline (Deary et al., 2009; Fjell et al., 2014; Grady & Craik, 2000; Harada et al.,
2013; Park & Reuter-Lorenz, 2009; Reuter-Lorenz & Park, 2010; Salthouse, 2003a, 2009).
Consequently, as a result of ageing and individual differences, variation in cognitive decline
across populations exist, such as between the low and higher educated, young and old, and
healthy and non-healthy individuals. Thus, in order to attain a thorough understanding of
changes in EFs and cognitive decline, and the rate of deterioration of individual EFs across
adulthood and various populations, this research will explore these factors in cognitively
healthy (CH) young and older adults in Chapter 3, and the neuropathological impaired

populations in Chapter 6.

The following paragraphs will describe the commonest cognitive functions investigated in
age-associated cognitive decline, starting with an overview of generic processes before

addressing specific EFs.

1.5.1 Attention

Attentional control (also known as controlled attention, executive attention, focused
attention, or WM capacity) refers to the ability to keep focus and to maintain concentration
over long periods of time. More specifically, the cognitive process that coordinates and
directs our attention to a specific incident or task, so as to suppress our attention from
unwanted distractors (Coubard et al., 2011; Gyurkovics et al., 2018; Wasylyshyn et al.,
2011). Its decline in the healthy older adult population is predominantly observed in the
completion of complex WM tasks (Bélanger et al., 2010; Braver & West, 2008; Coubard et
al., 2011; Engle, 2002; Engle & Kane, 2004; Fountain-Zaragoza et al., 2018; Kane et al., 2001;
Milham et al., 2002; Sylvain-Roy et al., 2015; Tsang, 2013). However, ageing does not seem
to affect the completion of simple tasks (Langner & Eickhoff, 2013). Furthermore, the
executive attention framework (Engle, 2002; Engle & Kane, 2004) suggests that older
individuals are less efficient in their maintenance of this control when active tasks are
experienced in difficult settings with high task-interference. This can cause problems in the

planning and execution of many complex tasks, as these individuals may be unable to focus
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on task requirements. This is of particular importance in tasks requiring vigilance, such as
when monitoring an area for a randomly occurring signal (Bier et al., 2017; Hasher & Zacks,

1988; Rubinstein et al., 2001; Sylvain-Roy et al., 2015).

Attention can be described as the allocation of limited cognitive processing resources. Its
sub-components, alternating attention, divided attention, and selective attention are
especially important (Cadar, 2018; D’Esposito & Postle, 2015; Glisky, 2007). Alternating
attention is the ability to shift the focus of attention and move between tasks, i.e. mental
flexibility, and is utilised during shifting performances (see section 1.4.3). Decline in shifting
capability amongst CH older adults has been reported by a number researchers, where
performance deficits were apparent by increases in processing rate and increased errors
made (Adolfsdottir et al., 2017; Harada et al., 2013; McNab et al., 2015; Salthouse & Meinz,
1995; Verhaeghen & Cerella, 2002; Wasylyshyn et al., 2011).

Divided attention is recruited during dual- and multi-tasking conditions (Baddeley et al.,
1991; Naveh-Benjamin et al., 2005; Tsang, 2013; Verhaeghen & Cerella, 2002). Several
researchers have demonstrated age effects in DT ability (Belleville et al., 1998; Della Sala et
al., 2010; Fraser & Bherer, 2013; Hartley & Maquestiaux, 2007; Hein & Schubert, 2004;
Liebherr et al., 2016; Logie et al., 2004; Naveh-Benjamin et al., 2005; Salthouse et al., 2003;
Salthouse & Meinz, 1995; Verhaeghen et al., 2003). CH older adults are seen as capable at
completing DTs, but at a slower completion rate and with the production of a greater
amount of performance errors than their younger counterparts. This suggests older
individuals find it more difficult to divide their attention, and affectively allocate resources
to more than one task (Baddeley et al., 1986; Hartley et al., 1999; Inasaridze et al., 2009;
Logie et al., 2004; MacPherson et al., 2007; Salthouse et al., 2003).

The capacity to maintain a behavioural or cognitive set during distracting or competing
stimuli requires selective attention (Cabeza et al., 2009; Glisky, 2007), which is used in the
suppression of prepotent responses, i.e. inhibition (Miyake, Friedman, et al., 2000). Tasks
employed to assess this ability include the Stroop task (Scarpina & Tagini, 2017; Stroop,
1935) where older adults have been observed to have slower response times (RTs) and
increased errors in both the congruent and incongruent conditions of the task (Graf et al.,

1995; Uttl & Graf, 1997). The inhibition deficit theory (Hasher & Zacks, 1988), states the
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process of inhibition weakens through ageing due to a reduction of inhibitory resources.
Specifically, individuals cannot remove irrelevant information effectively which restricts the
retrieval of task-relevant information. This is evident by the larger interference rates usually

observed in the older population when compared with younger adults (Lustig et al., 2007).

In line with this theory, the strategy-deficit hypothesis (Bailey et al., 2009) states that in
combination with such cognitive processing deficiencies, ineffective or deficient use of
strategies in older adults leads to additional age-related performance deficits. Specifically,
they have difficulty producing and using appropriate strategies to encode information that

may be required for task completion.

However, although decline is observed in these attentional resources and thus the EFs
associated with them, the degree of its deterioration in comparison to other EFs is unclear.
It seems the effects of ageing on inhibition is stronger than that on shifting and dual-tasking
but possibly not as much as updating. However, due to the lack of studies which directly

assess this relationship, it is currently unknown and will thus be explored in this thesis.

1.5.2 Memory

Memory issues are one of the first complaints of ageing individuals (Broadbent et al., 2004;
Burke & Barnes, 2006). It can be grouped into STM, WM and LTM. STM and WM are
associated with the PFC but the major difference between them is that STM is generally not
affected by cognitive ageing. Most older adults are able to retain approximately 7 £ 2 digits
in their memory for short periods, but experience difficulties in WM, for instance when
having to recall digits in reverse order (Diamond, 2013; Glisky, 2007). Salthouse et al (1989)
reported that their older adult participants showed significant deficits when performing
memory tasks involving active manipulation, reorganisation, and WM updating. Importantly,
these are all skills required for daily living including decision-making, planning of goal-
directed behaviours, and problem-solving. Age-related decrements in WM updating is
associated with increased activity in the superior PFC (specifically the DLPFC) (De Beni &
Palladino, 2004, El Haj, Largi, et al., 2015; J. E. Fisk & Sharp, 2004). The left PFC is said to be
involved more with verbal tasks and the right side with visuospatial tasks, i.e. the PL and the

VSSP in Baddeley's WM model (Baddeley & Hitch, 1974; Collette, Linden, et al., 1999).
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LTM can be subdivided into procedural (primarily associated with the cerebellum) and
declarative (mainly associated with the hippocampus) (Visser et al., 1999). Declarative
memory can be divided into semantic memory (general or crystallised knowledge) (Binder &
Desai, 2011) and episodic memory (memory of autobiographical events) (Greene et al.,
1995). Of these memory types, procedural memory with priming, and semantic memory are
usually well maintained in advanced age (Glisky, 2007; Grady, 2012) but not episodic
memory (Clarys et al., 2009; Leyhe et al., 2009; Naveh-Benjamin et al., 2003; Radvansky &
Radvansky, 2018; Tromp et al., 2015). Ward & Shanks (2018) have argued that procedural
memory may be affected by ageing but to a much lesser degree than episodic memory.
Interestingly, older adults may even perform better than their younger counterparts on
tasks involving semantic memory (Azuma et al., 2013; Craik & Salthouse, 2008; Rentz et al.,
2010). Nevertheless, it has been suggested that the decline in episodic memory, and
possibly all age-related memory decline, may be due to i) reduced inhibitory control, ii)
deterioration of systems required for information processing, iii) failure in the utilisation of
appropriate encoding/retrieval strategies, and/or iv) decrease in the encoding of memory so
older individuals rely more on retrieval cues in order to access the relevant information

from memory stores (Craik & Salthouse, 2008; Naveh-Benjamin et al., 2003).

Declarative memory is known to involve the basal ganglia, cerebellum and limbic system
within the brain (Campbell et al., 2012; Ward & Shanks, 2018). Semantic memory activates
neural pathways in the temporal, inferior parietal lobes and the dorsomedial and inferior
PFC, and priming in the anterior cortex, including the PFC (Ferraro et al., 1993; Schmidtke,
2002). Episodic memory, associated with the medial temporal lobe (MTL), which includes
the parahippocampal cortical areas and the hippocampus, is most vulnerable to age-
associated decline (Buckner, 2004; Cabeza et al., 2009; Convit et al., 2000; Nyberg et al.,
2012; Radvansky & Radvansky, 2018; Salthouse et al., 2003; Squire et al., 2004; Tromp et al.,
2015; Visser et al., 1999). This is a region, presented in Figure 1.4, that has been shown to
be susceptible to an increased rate of atrophy in MCl and dementia leading to profound
memory issues (Buckner, 2004; Convit et al., 2000; Dhikav et al., 2014; Jhoo et al., 2010;
Visser et al., 1999).
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Figure 1.4. The Medial Temporal Lobe. This structure, particularly the hippocampus, is involved in the
formation and storage of declarative LTM (The Stroke Network).

Another type of memory called prospective memory (Einstein & McDaniel, 1990), i.e. the
ability to plan, retain, and retrieve information for future events, may decline in some
individuals. Prospective memory tasks activate neurons in the hippocampus, the

parietal, superior temporal cortices and the PFC (Boxberger et al., 2011; Lemaitre et al.,
2012). It has been observed that the simultaneous deterioration in gray matter (GM) and
white matter (WHM) integrity of these regions manifests behaviourally in its decline.
However, performance deficits are dependent on the amount of atrophy in the brain and
thus may not decline in all older individuals (Cabeza et al., 2009; Gazzaley et al., 2007,
Harada et al., 2013; D. B. Howieson, 2015; Kirova et al., 2015; Logie & Maylor, 2009;
Salthouse, 2012; Salthouse et al., 2003). Lastly, associative memory, the ability to correlate
information and events in memory, has been linked to both episodic and prospective
memories and shown to decline with age (T. Chen & Naveh-Benjamin, 2012; De Brigard et

al., 2020; Old & Naveh-Benjamin, 2008; Salthouse, 1995; Schnitzspahn et al., 2013).

1.5.3 Processing Speed

Age-related declines in mental function have been attributed to the reduction of processing
speed of cognitive processes, i.e. the ability to rapidly process information in order to
perform tasks efficiently in a limited timeframe (Albinet et al., 2012; Bashore et al., 1989;

Bier et al., 2017; Christensen, 2001; Deary et al., 2009; Frischkorn et al., 2019; Glisky, 2007,
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Salthouse, 2019; Wecker et al., 2000). The degree of slowing appears dependent on the
complexity of the task requirement, nature of the task, and the individual variability
(Cerella, 1985; Gick et al., 1988; Salthouse, 1976, 1996). For instance, Baddeley’s word
length effect suggests that individuals are able to maintain in STM what they can covertly
articulate within 2 seconds (Baddeley et al., 1975). However, if processing speed is reduced
then the amount that can be articulated in 2 seconds is also reduced, and so is the amount
of information memorised. Hence, age-associated deficits in WM span results from reduced
activation and subvocal rehearsal of information (Baddeley, 2012; Salthouse, 1992, 1994).
Furthermore, older individuals have been shown to be approximately 1.5 times slower than
their younger peers in RTs (Maquestiaux, 2016). However, this slowness is traded for
accuracy as this population tend to make sure they perform correctly (Salthouse, 1979).
Also, it has been reported that age-related variance in span performance in several tasks

was minimised when processing speed was factored out (Salthouse & Babcock, 1991).

Similarly, Salthouse' (1996) processing-speed theory proposes that age-associated deficits in
cognitive functioning are due to the reduction in the speed of processing operations
resulting in difficulties in the storage of information. First, processing is slowed because
required actions cannot be successfully implemented, i.e. encoded, and stored within an
adequate timeframe (limited time). Second, performance is affected as early processed
information may not be available once information processing is complete as the
information is removed before it can be rehearsed or retrieved from storage (simultaneity)

(Salthouse, 1996).

Moreover, neuropsychological test performance is frequently measured in terms of RTs
which can result in bias since this metric alone does not account for the speed-accuracy
tradeoff. It is understood that RTs are longer as cognitive processing requirements increase
(due to increased operations or task complexity), and RTs become shorter when processing
becomes more automated and less reliant on perceptual processing speed (Bashore et al.,
1989; Wecker et al., 2000). However, overall slowing in RTs confounds on the specific
deficits in the cognitive function being assessed and so needs to be controlled for and

removed when assessing EFs (Albinet et al., 2012; Bock et al., 2019).

Solutions have included the utilisation of Brinley plots (A. D. Fisk & Fisher, 1994; Myerson et
al., 2003; Perfect, 1994), eliminating the speed factor (J. E. Fisk & Sharp, 2004; J. E. Fisk &
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Warr, 1996), or employing tasks that rely on accuracy only, such as the digit span tasks
(Conway et al., 2005; Wechsler, 2012). Alternatively, through statistical analysis of EF data,
such as the utilisation of ‘relative’ measures like DT costs (M. Anderson et al., 2011) or task-
shifting costs (G. Wylie & Allport, 2000), where the performance of two task conditions are
compared and so any overall differences can be discounted. This can be accomplished by
using a 2x2 analysis of variance (ANOVA) for group comparisons (e.g. young and older adult)
and task condition (e.g. ST and DT). The general slowness in the older adults should present
as an additive effect in task performances, as the two task conditions are affected similarly,
although ST is usually performed faster than DT. Therefore, significance in RT will be
observed for the more complex condition (DT) in the main group effect. Likewise, in
assessing shifting, the shift task is usually performed slower than the repetition task, which
will be more pronounced in the older adults than with the young adults, resulting in a

significant interaction.

Structurally, processing speed is reliant on the WHM integrity of the brain, mainly within the
left frontal, parietal and temporal regions (Albinet et al., 2012; Ballesteros et al., 2013;
Godefroy et al., 2010; Harada et al., 2013; Kievit et al., 2014; Petersen et al., 1997; Turken et

al., 2008). These regions are generally affected by the ageing process.

Thus, as part of this thesis, a voxel-based morphometry (VBM) study examining the
neuroanatomical differences between CH older adults, and those living with MCl and AD will

be presented in Chapter 6.

To summarise, ageing causes changes to our cognitive abilities. The main consequences of
this on our cognition include subtle memory problems (Craik & Salthouse, 2008; Godefroy et
al., 2010; D. B. Howieson, 2015; Radvansky & Radvansky, 2018; Verhaeghen & Cerella,
2002), reduced attentional abilities (Cabeza et al., 2009; Glisky, 2007), and decline in
processing speed (Albinet et al., 2012). Of particular importance is its effect on alternate,
divided, and selective attention, which corresponds to the EFs shifting, dual-tasking, and
inhibition, respectively. However, the relative patterns of decline across these different
functions are not well understood. This will be investigated in Chapter 3 in CH young and

older adult populations.
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1.6 Mild Cognitive Impairment (MCI) and Alzheimer’s Disease (AD)

Impairment in EFs, also called executive dysfunction, can be caused by many diseases,
conditions, and brain injuries. However, this thesis will focus on dementia (Fjell et al., 2014;
Rabinovici et al., 2015), specifically, MCl and AD (“2020 Alzheimer’s Disease Facts and
Figures,” 2020; Alzheimer’s Society, 2015; Association Alzheimer’s, 2017). Studies examining
EFs have shown task performance deficits to be an early indicator of the onset of MCl and
AD (Bayard et al., 2011; Bélanger et al., 2010). However, the degree and rate of
deterioration of different EF components as the conditions progress is less understood,
though it is clear that there is greater decline than observed with healthy older individuals

(Marsico et al., 2014; Tromp et al., 2015).

MCI sufferers are described as having “objective or subjective evidence of cognitive
impairment but no significant functional impairment to meet criteria for dementia”
(Rosenberg et al., 2011, page 3). Accordingly, the National Institute on Ageing - Alzheimer’s
Association recommends that the following criteria be met for its diagnosis, “1. Concern
regarding a change in cognition, 2. Impairment in one or more cognitive domains, 3.
Preservation of independence in functional abilities and 4. Not demented” (Petersen et al.,
2014, page 4). Several subtypes of MCl have now been identified, and can be classified as
single or multi domains i.e. impairment in one or more EF (del Carmen Diaz-Mardomingo et
al., 2017; Gauthier et al., 2006; Petersen et al., 1997, 1999; Reinvang et al., 2012; Rosenberg
et al.,, 2011).

The most commonly reported type of MCl is amnestic MCl (aMCl), where memory
impairment is the primary symptom. Other MCI subtypes include non-amnestic (attentional)
MCI (naMCl) and MCI with executive dysfunction. However, MCl is commonly treated as a
single condition, since neuropsychological testing cannot confidently distinguish between
the types (Petersen et al., 1999, 2014; Reinvang et al., 2012). It is important to note that not
all individuals living with MCI transition to a form of dementia (Emrani et al., 2018; Pandya
et al., 2016), but as stated earlier, these individuals cannot be predicted (Rosenberg et al.,

2011).

The risk factors for developing any of these MCI subtypes is the same (Loftus, 2017) which

includes low educational level, hypertension, occurrence of depression and consumption of
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some medications, specifically those with anticholinergic properties (Alzheimer’s Society,
2015; Peraita et al., 2015). Furthermore, the diagnosis of a specific subtype can determine
what type of dementia an individual may ultimately develop, e.g. aMCl sufferers are usually
predisposed to developing AD (Rosenberg et al., 2011). Thus, the progression of naMCl and
other MCI types, such as MCI with executive dysfunction (i.e. impairment in reasoning,
judgment, problem solving) with no memory impairment, is not as definite. It may be
heterogeneous, resulting in an array of dementias, including frontotemporal dementia
(FTD), Lewy body disease (LBD), vascular dementia (VaD), or Parkinson’s disease (PD) (“2020
Alzheimer’s Disease Facts and Figures,” 2020; Mufson et al., 2012; Reinvang et al., 2012;
Sorbi et al., 2012).

AD is an irreversible progressive neurodegenerative disorder that is the commonest form of
dementia affecting adults worldwide (NIA, 2020; Ulep et al., 2017; WHO, 2020). Currently,
diagnosis is based on criteria set by the National Institute of Neurological and
Communicative Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and Related
Disorders Association (ADRDA), which includes neuropsychological, pathological and
biomarker analysis (Jack et al., 2010, 2013). However, due to the nature of the condition, it
is emphasised that it is for “probable AD” and confirmation of the condition cannot be made
until post-mortem pathological examination. Although, the presence of genes predisposed
to developing AD, i.e. the beta-amyloid precursor protein (APP), Presenilin 1 (PSEN1), and
Presenilin 2 (PSEN2) allows for a more accurate diagnosis (Macpherson et al., 2015; Shao et
al., 2017). Also, the presence of risk factors similar to that of MCl, including suffering from
type 2 diabetes or a vascular condition such as hypertension, obesity, smoking tobacco,
living a sedentary lifestyle, and having an occurrence of a head injury, all increase the
probability of its development (“2020 Alzheimer’s Disease Facts and Figures,” 2020;
Scheltens et al., 2016; Ulep et al., 2017).

AD contributes to approximately 60-70% of all new dementia cases (“2020 Alzheimer’s
Disease Facts and Figures,” 2020). Women have been observed to possess an increased risk
of developing the condition for reasons currently unknown. Some theories include the fact
that 1) women usually live longer (i.e. survival bias), 2) women may lack the cognitive
reserve demonstrated to protect from cognitive decline, and 3) the decreased level of

oestrogen following the onset of menopause may be a possible contributing factor (“2020
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Alzheimer’s Disease Facts and Figures,” 2020; Cheng, 2016; Hua et al., 2010; Meng & D’Arcy,
2012; Niu et al., 2017; Russell et al., 2019; Sundermann et al., 2020).

1.6.1 Neuropathology

Amnestic MCl is marked by atrophy within the limbic system, specifically of the MTL, the
region containing the hippocampus (CA fields, dentate gyrus, and subicular complex),
adjoining the perirhinal, entorhinal and parahippocampal cortices. Structural magnetic
resonance imaging (sMRI) has revealed the WHM volume of the parahippocampal cortices is
greatly reduced in MCl when compared to a normal age-matched non-AD control brain.
Glucose hypo-metabolism within the hippocampus has also been observed (Albert et al.,
2011; Gauthier et al., 2006; Kelley & Petersen, 2007; Mufson et al., 2012; Petersen et al.,
1999, 2014). These areas are important in declarative memory, where the rate of MTL
atrophy seems to correlate with the extent of declarative memory dysfunction. This
relationship is thought to reflect decreased neural activation important for memory
encoding within these regions (Leyhe et al., 2009; Mufson et al., 2012). Atrophy in AD
sufferers extends this trajectory and progresses into other brain regions, starting with the
frontal and parietal cortices. Although atrophy of the basal ganglia may also be observed in

MCI sufferers (Mufson et al., 2012).

In AD sufferers, atrophy of the fronto-medial thalamic network causes a reduction in cortical
thickness or decrease in GM density and seems to be associated with cognitive decline
(Jacobs et al., 2013). Atrophy of the entorhinal cortex, parahippocampal, precuneus of the
superior parietal lobe, subgenual cingulate cortex and orbitofrontal cortex (an area
important for decision-making) has been observed to correlate with performance on the
mini-mental state examination (MMSE) (Creavin et al., 2016; Folstein et al., 1975).
Deterioration of the ACC and accompanying motor cortices has been linked to increased
apathy, while atrophy of the left temporal and parietal cortices, with communication
problems, including language production and comprehension (Ewers et al., 2011; J. Kim et

al., 2017).

Damage to the WHM tracts (pathways linking the GM regions), particularly in the PFC is also
observed in AD sufferers. One of the most important of these pathways is the cholinergic

network. Impairment tracts has been reported to increase frontal dysfunction as it contains
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overlapping cell groups of the basal forebrain, hippocampus, olfactory bulb, and amygdala.
These cell groups are implicated in networks responsible for attention, memory, and
emotion, cognitive impairment is witnessed (Ray et al., 2015; Stahl et al., 2007) and
correlate with AD severity (Ballard et al., 2002; Brickman et al., 2008; Grambaite et al., 2011;
Gunning-Dixon et al., 2009).

In addition, neurofibrillary tangles (NFT) which are abnormal accumulations of
hyperphosphorylated forms of the protein tau inside neurons in GM, are also observed in
both these conditions, as well as in healthy individuals (Jack et al., 2011). However, in MCI
and AD, it is seen in higher proportion in the brain. In MCl, it is largely found within the
amygdala, entorhinal cortex (EC), subiculum, the inferior parietal cortex (IPC), and the
olfactory cortex, though its presence is not associated with any cognitive changes (Gauthier
et al., 2006; Jack et al., 2005; Mielke & Kessler, 2006; Mufson et al., 2012). In AD it is more
widespread, gradually spreading to the entire brain. Its distribution and density is based on
the Braak NFT staging scheme, where early brain alterations are observed in the MTL,
predominantly in the hippocampus, amygdala, and EC, before dispersing to the neocortex,
resulting in atrophy of the frontal and parietal cortices (Convit et al., 2000; Jack et al., 2010,
2013; C. Wang et al., 2012). These lesions or biomarkers, can be viewed ante-mortem using
8-fluorodeoxyglucose positron emission tomography (FDG PET) otherwise histological
examination is utilised post-mortem (Bauer et al., 2018; Kumari et al., 2002). Its
accumulation is more associated with neuronal loss, particularly synaptic loss and synaptic
dysfunction, which parallels the progression of cognitive decline (Ingelsson et al., 2004;

Serrano-Pozo et al., 2011; Spires-Jones & Hyman, 2015).

In MCl and AD, there is also the presence and increased accumulation of the interrelated
histological lesion AB (senile or amyloid) plague deposits in brain matter but these can also
be found in healthy individuals (Jack et al., 2010; Kirova et al., 2015; Lim et al., 2014, 2015;
Pegueroles et al., 2017; Villemagne et al., 2013). Two isoforms exist, AB40 and AB42, where
some plaques contain only AB42 and others contain both usually with an increased
percentage of AB42. The amount of plagues present in MCl brains seems to fall between the
levels found in CH older individuals and AD sufferers, and increases as AD advances (Gu &
Guo, 2013). However, its occurrence does not seem to affect neuropsychological

impairments and dementia severity (Schroeter et al., 2009; Serrano-Pozo et al., 2011).
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Figure 1.5 displays how the accumulation of the brain atrophy, neural damage, tau filled
NFT, and AB plaque results in the trajectory from a CH brain to MCl to AD, and its

association with the onset of memory impairment and clinical presentation.
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Figure 1.5. Trajectory of cognitive, clinical, and neurological markers from normal ageing to dementia.
The Alzheimer’s pathological cascade presents how the accumulation of neuropathological changes in
the brain result in MCl and dementia (Jack et al., 2010).

1.6.2 Executive Dysfunction

These pathological changes manifest as impairments in an individuals’ cognitive abilities,
increasing in severity from MCI to severe AD (Baddeley et al., 1986, 2001; Belleville et al.,
2014; S. T. Chen et al,, 1998; Y. Chen et al., 2017; Collette, Van Der Linden, et al., 1999;
Coubard et al., 2011; Greene et al., 1995; Leyhe et al., 2009; Spaan, 2016; Stopford et al.,
2012; Swanberg et al., 2004). For example, the commonest feature detected in MCl,
primarily in aMClI, is decline in episodic memory. While this is also a common feature of
cognitive ageing, the level of decline is more pronounced in MCI and even greater in AD
(where loss of function is progressive). Semantic memory is also severely affected in AD (El
Haj, Antoine, Nandrino, et al., 2015; Greene et al., 1995; Leyhe et al., 2009; R. J. Perry et al.,
2000; Tromp et al., 2015). To distinguish between the conditions, free recall testing is
normally applied where poorer performance usually correlates with the deterioration of

episodic memory (Petersen et al., 2014).

Impairments in other cognitive domains in MCl are less severe than those observed in AD.

More explicitly, performance impairments in MCl lies at an intermediate level between CH
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adults and AD. Deficits in the non-memory cognitive domains, namely attention and EFs
have also been reported, especially in naMCl and multi-domain MCI (“2020 Alzheimer’s
Disease Facts and Figures,” 2020; Aurtenetxe et al., 2016; Baddeley et al., 2001; S. T. Chen et
al., 1998; De Toledo-Morrell et al., 2006; Kelley & Petersen, 2007; Kirova et al., 2015; R. J.
Perry et al., 2000; R. J. Perry & Hodges, 1999; Reinvang et al., 2012; Scheltens et al., 2016;
Toledo et al., 2015).

As discussed in section 1.5.1, an important factor for the completion of tasks is the
possession of an adequate level of attentional control for the elimination of interference
and distraction. There is evidence that MCl and AD have attentional impairment especially
in tasks involving the control of divided attention, inhibition, task-switching, and WM
(Aurtenetxe et al., 2016). In the testing of divided attention, individuals living with MCI and
AD show a larger DT decrement than is observed in normal ageing. The ability may be
maintained in mild MCI (Lonie et al., 2009; Nordlund et al., 2005; R. J. Perry et al., 2000;
Silveri et al., 2007) but not in chronic sufferers, in line with the onset of AD when this ability
has disappeared (Baddeley et al., 1991; Kaschel et al., 2009; Saunders & Summers, 2010). In
addition, individuals with MCl tend to produce slightly more performance errors and have
longer task completion times than in normal ageing (Belleville et al., 2007; Clément et al.,
2013; Foley et al., 2011; Johns et al., 2012; Lopez et al., 2006; Makizako et al., 2013; S. E.
Price et al., 2010).

Another prominent deficit observed is in inhibition as demonstrated with its assessment
with the Stroop task. Performance deficits have been reported for both MCl and AD
participants but AD populations show greater impairments (Ahn et al., 2011; Amieva,
Phillips, et al., 2004; Bélanger et al., 2010; Bélanger & Belleville, 2009; Borella et al., 2017;
Borgo et al., 2003; Chapman et al., 2010; N.-C. Chen et al., 2013; El Haj, Antoine, &
Kapogiannis, 2015; El Haj, Largi, et al., 2015; Gagnon & Belleville, 2011; Garcia-Alvarez et al.,
2019; Gronholm-Nyman et al., 2010; Huang et al., 2017; Johns et al., 2012; J. H. Kramer et
al., 2006; Lopez et al., 2006; Matias-Guiu et al., 2018; Nordlund et al., 2005; R. J. Perry et al.,
2000; Puente et al., 2014; Sung et al., 2012; Tse et al., 2010; B. Yuan et al., 2016; Zheng et
al., 2012). However, Belleville et al (2007) did not observe any inhibitory deficits with their
MCI participants which may be due to a milder form of the condition or an increased

proportion of aMCl in their MCI participant group.
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Decline in shifting ability has been described in both groups (Ishizaki et al., 2013; Pa et al.,
2010; Saunders & Summers, 2010; Summers & Saunders, 2012). In particular, deficits in the
performance of the trail making test (TMT) in MCl and AD participants has been reported in
several studies (Aurtenetxe et al., 2016; Chapman et al., 2010; Garcia-Alvarez et al., 2019;
Gronholm-Nyman et al., 2010; Matias-Guiu et al., 2018; Nordlund et al., 2005; Pa et al.,
2010; Peters et al., 2014; S. E. Price et al., 2010; Schmitter-Edgecombe & Sanders, 2009;
Silveri et al., 2007; Smits et al., 2015; Tse et al., 2010; B. Yuan et al., 2016). However, Lopez
et al (2006) failed to observe this is their MCl participants.

As mentioned earlier, memory decline is a prominent symptom of MCl and AD. Similarly,
WM updating is also affected (Baddeley et al., 1991; Borgo et al., 2003; Facal et al., 2014;
Huntley & Howard, 2010; Kirova et al., 2015) and routinely tested using a recall test.
However, instead of testing with the straightforward recall task, updating requires a more
challenging form of the test. Hence, the popular BDS is frequently employed, as participants
are required to recall a sequence of numbers in reverse order. Deficits have been observed
in both conditions by numerous researchers (Ahn et al., 2011; Aurtenetxe et al., 2016;
Emrani et al., 2018; Garcia-Alvarez et al., 2019; Gronholm-Nyman et al., 2010; Kessels et al.,
2011, 2015; Lopez et al., 2006; Matias-Guiu et al., 2018; Smits et al., 2015; Tse et al., 2010).
Although others have found no significant performance difference with CH individuals
(Bisiacchi et al., 2008; N.-C. Chen et al., 2013; Doi et al., 2013; J. H. Kramer et al., 2006; Liao
et al., 2017; Mandzia et al., 2009).

In the late stages of AD, verbal communication is negatively affected and complete loss of
LTM, including procedural memory is witnessed. Thus, neuropsychological tests assessing
several subdomains in areas including memory, EFs and communication, are frequently
administered in clinical and research settings to assess the level of overall cognition in these
individuals. Such tests include MMSE (Folstein et al., 1975), Montreal cognitive assessment
(MoCA) (Nasreddine et al., 2005), and clinical dementia rating (CDR) scale (C. P. Hughes et
al., 1982).

To conclude, executive dysfunction is exhibited in individuals living with MCl and AD as a
result of neuropathological changes. These include GM atrophy, decreased WHM integrity,
and the presence of NFT throughout the brain but particularly in the limbic system within

the MTLs in aMCI and early-stage AD, before spreading to the PFC and parietal lobes in
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advance AD. The dysfunction can range from mild symptoms in MCl individuals to severe in
advanced AD, based on the level of damage present, through the administration of
neuropsychological assessments. Hence, the final study in this thesis, presented in Chapter
6, will explore the relationship between the neuroanatomy of CH older adults, and those
living with MCl and AD, their cognitive status, and performance on a range of

neuropsychological tests.

1.7 Study Overview

1.7.1 Study Aims and Hypothesis

The aim of this thesis was to investigate four EF abilities in CH young and older adults, and in
older individuals living with MCI and early-stage AD through a cross-sectional study, to
better understand the nature and trajectory of their deterioration. Due to the COVID-19
pandemic, the behavioural assessment of the MCl and AD populations and a functional MRI
study could not be completed. Hence, only the CH young and older adults were assessed in

dual-tasking, inhibition, shifting and updating ability.

The primary objective was to characterise the trajectory of these EFs in the populations, to
test whether they declined at the same rate. The second objective was to determine the
sensitivity of the standard EF tasks used for each of the EFs assessed as two were utilised
per EF. A clearer understanding of the degree of EF impairment for the four EFs in these
groups will be made. It was proposed that the older adults will perform poorer than their

younger counterparts.

In addition, a VBM study examining the neuroanatomical difference between CH older
adults and age-matched individuals living with MCl and various stages of AD will be

presented.

1.7.2 Thesis Structure

Chapter 2 provides a literature review of studies and tasks and their attributes in
researching EFs in CH and neuropathological impaired populations. Chapter 3 presents the
behavioural studies, the investigation of the four EF abilities, dual-task, inhibition, shifting,
and updating, in CH young adults, aged 18 to 33 years, and CH older adults, 60 years and

older, with the utilisation of two tasks per EF. This was to ensure a true comparison in
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cognitive ability was made. In addition to the eight EF tasks, a variety of neuropsychological
tasks, tests, and surveys were utilised in the studies. Consequently, each participant
underwent three assessment sessions. Through these studies, the trajectory of decline of

the four EFs was completed.

A supplementary chapter presents the performance of only the young adults with these EFs
to observe how sensitive the individual tasks were in their ability to detect EF decline, and

the similarity of the output measures.

Chapter 4 investigated how much the two tasks employed to assess each EF correlated in
their output data. For example, was the performance outputs of the updating task pair
similar? Also the EF structure loading of the task measures were investigated with

confirmatory factor analysis (CFA). Data from Chapter 3 was used to accomplish this.

In Chapter 5, another literature review of studies on the neuroimaging of EFs in the CH and
neuropathological impaired populations was conducted. This provided a foundation into
understanding the neural activity of the brain and how it alters with normal healthy ageing

and with neuropathological impairment.

Subsequently, the final study described in Chapter 6, experiment 3, describes my utilisation
of the OASIS-3 secondary imaging datasets to examine the neuroanatomical changes in the
brains from CH to more severe AD. (As | was unable to complete my planned neuroimaging
study assessing CH young and older adults, and MCl and AD participants on one of the EF

task pair used in the behavioural study for each of the four EFs.)

Chapter 7 offers a final discussion of the findings of the behavioural and neuroimaging
studies, and their importance in the assessment of cognitive impairment including
limitations of the studies and possible directions for future research. | end the chapter with

a final conclusion of the overall research.
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Chapter 2, The Assessment of Executive Function Abilities - A Literature
Review

2.1. Introduction

Decline in executive functions (EFs) is a prominent feature of cognitive ageing and
neuropathological cognitive impairment, such as dementia (Cadar, 2018; Deary et al., 2009;
Mortamais et al., 2017). Of particular interest are the four EF domains dual-tasking (DT),
inhibition, shifting and updating, which have been argued to be fundamental for the
accomplishment of tasks essential for everyday living (Miyake, Friedman, et al., 2000). The
successful implementation of these cognitive abilities is associated with an individual’s level
of independence, as well as their capacity to understand and coordinate their thoughts
effectively. Neuroanatomical changes in the brain resulting in performance impairments in
one, or more, of these EF domains have been reported by numerous studies e.g. Espinosa et
al, (2009) and de Faria et al, (2015). Specifically, they have been reported in cognitively
healthy (CH) older individuals, and in those living with mild cognitive impairment (MCI)
and/or dementia, specifically Alzheimer’s disease (AD) (Albinet et al., 2012; Belleville et al.,
1998; Clément et al., 2013; Guarino et al., 2020; Johns et al., 2012; Rabi et al., 2020; S. A.
Wylie et al., 2007). This has been accomplished with the utilisation of an array of tasks
validated for use in the diagnosis of executive dysfunction, although it should be noted that
there are no standard instruments for measuring executive dysfunction in any study

population.

EFs are heterogenous and multifaceted in nature (Norman & Shallice, 1986). Tasks
employed in their assessment are normally dependent on additional skills, such as language,
visuospatial skill, or speed processing. To deal with such issues, EF tasks normally employ
two or more conditions (e.g. congruent and incongruent or repetition and shifting) that
require similar supplementary skills but ideally differ only in the demand required by the
specific EF. Therefore, to alleviate the effects of supplementary skills, the difference in
performance between task conditions, i.e. task cost, is calculated. Hence, any deficits in
these basic-level skills should not affect the specific EF, provided the skills are not so severe
and prevent task performance. Nevertheless, not all studies calculate cost measures, so a

true representation of EF decline may not be observed, as any dysfunction reported may
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have occurred in one, or more, of the supplementary skills, or possibly a different EF entirely

due to overlapping EF requirement, not actually being examined.

This latter issue of a task requiring multiple EF abilities relates to the purity of a task (Lezak
et al., 2012). Although EF tasks have typically been created to assess a specific EF ability,
sometimes they require the contribution of overlapping EF abilities to effectively perform
that task. Thus, making interpretation of results difficult due to the complex mixture of
cognitive processes. An example of such a task is the random number generation task
(Baddeley, 1998), which requires the implementation of inhibition and updating ability for
its successful completion (a brief description of this and all the EF tasks discussed in this
chapter can be found in Appendix 1). Similarly, the Behavioural Assessment of the
Dysexecutive Syndrome rule shift cards task (Wilson et al., 1996) requires the application of
inhibition and shifting. Unlike supplementary skills, it is unknown if performance deficits
found are caused by decline in either of the two involved EFs (inhibition and shifting, in this

example) or a combination of both.

Another aspect of consideration is that performance in a task is not necessarily predictive of
performance in another task measuring the same EF (Burda et al., 2017). Currently, there is
no clear consensus amongst researchers on how best to measure EFs, thus a variety of tasks
have been employed across various participant groups (Miyake, Emerson, et al., 2000).
Although a preferred task may not be sensitive enough in assessing decline of that ability.
Similarly, even with the use of the same task, different types of stimuli, and modifications to
the task demand have further increased the heterogeneity of tasks across studies. Thus, a
primary aim of this review was task factors, including task demand, task sensitivity, task
stimuli, and the outcome measures employed by researchers, particularly in those that

employed multiple tasks on the same group of participants.

The studies reviewed were those primarily assessing DT, inhibition, shifting, and updating in
CH older adults, and in those living with MCl and AD published between 2000 and 2019, as it
was felt these most recent studies would be more relevant to the current review. A second
aim was to determine the EF tasks most frequently employed for each EF to aid in the
selection of tasks (a pair per EF) for use in the behavioural studies of young and older adults,

presented in Chapter 3. Consideration was focussed on the ease of administration to various
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age groups and clinical conditions, task duration, and method of application, as well as

participant group characteristics.

2.2. Methods

A literature search of English language journal articles published between 2000 and 2019
was conducted in PubMed/Medline, PsycINFO, Embase, Web of Science and Google Scholar
databases. The search was based on a combination of key terms ‘Alzheimer’s disease (AD),
age-associated cognitive decline, cognitive decline, cognitive ageing/aging, cognitive
impairment, dementia, dual-/multi-task or tasking, executive dysfunction, executive
function(s), inhibition, mild cognitive impairment (MCl), older adult, shifting, switching,
working memory, working memory updating and updating’. For example, ‘cognitive ageing
and DT’. The articles were then screened for their suitability before being included in the
review. Eligibility included studies with CH older adult participants or those with a diagnosis
of MCl or AD, with the employment a control group, i.e. comparing CH older adults with

their younger counterparts, or MCl and/or AD groups with CH groups.

Studies were excluded if 1) they did not use the mini-mental state examination (MMSE) test
(Folstein et al., 1975) during the screening session to measure cognitive status, 2) in the
case of DT, assessed non-cognitive DT ability, i.e. motor function involving walking or
standing, 3) article was a review, and 4) in the pathological cognitively impaired studies, MCI

and AD was not a primary diagnosis of the participants, i.e. secondary to another condition.

2.3. Characterisation of participants

2.3.1 Cognitive Status

Determining the global cognitive status of participants is important, particularly when
dealing with middle-aged and older individuals, due to cognitive ageing. This review focused
on the employment of the MMSE (Folstein et al., 1975) or modified forms, i.e. 3MSE (E.L. &
Chui, 1987; T. N. Tombaugh et al., 1996), during the screening process of participants prior

to EF assessment.

There were a number of studies that do not screen their so-called ‘cognitive healthy middle-
and/or older aged’ participants, thus it is unknown whether these participants were indeed

CH. This was evident in a study reported by Ebert & Anderson (2009) who determined a
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proportion of their CH older adult participants met the criteria for amnestic MCl (aMCl)
following psychometric testing. Therefore, studies that do not confirm the cognitive status
of their control group may have mistakenly included individuals with pathological cognitive

impairments.

Furthermore, when considering dementia, the Alzheimer’s disease assessment scale-
cognitive subscale (ADAS-Cog) (Rosen et al., 1984), clinical dementia rating scale (CDR) (C. P.
Hughes et al., 1982), MoCA (Nasreddine et al., 2005) and Mattis dementia rating scale (DRS)
(Mattis, 1976), are also frequently used, and have been considered to be more sensitive in
rating the cognitive status of memory impaired individuals (Balsis et al., 2015; Perneczky et
al., 2006; Pinto et al., 2019). Thus, a participant who is categorised as CH with the MMSE

might not be considered the same with one of these other cognitive tests.

Therefore, in this review, studies were only considered which assessed the cognitive status
with the MMSE or modified forms in all investigated groups, including the older adult CH

control groups.

2.3.2 Physical Health

While not important to this review, the level of physical health of participants in the
examination of EFs should also be considered. This attribute was assessed by Hillman et al
(2006) and Boucard et al (2012) in addition to age effects of EF ability. In both cases, the

more active of the groups performed better than their sedentary counterparts.

Thus, it is important to note the physical health and not just the educational and cognitive
health of a study population when comparing results from studies assessing the same type

of cognitive domain. Such characteristics may greatly affect results.

2.4. The Assessment of Executive Function Abilities

2.4.1 Dual-tasking
DT is the simultaneous performance of two tasks (MacPherson, 2018), which occurs in many

day-to-day situations.
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Between the years of 2000 and 2019, nine studies were reviewed to have compared this

ability between CH young and older adults, 10 studies researching MCl and 10 studies

researching AD (two of which compared both MCl and AD), see Table 2.1.

Table 2.1. Assessing Cognitive Dual-Task capacity in Cognitive Ageing, and MCl and AD sufferers. Studies

are arranged by publication year under each heading.

Study Participants MMSE Task/Test Deficit
(Mean/SD)
Cognitive Ageing studies
McCabe & Hartman | CHOA 48 29.4 (0.7) DT word span task Yes
(2003) CHYA 48 NA NA
Bherer et al (2006) CHOA 7M 5F MM 56 (UNK) Auditory Yes
CHYA 5M 7F NA discrimination and | NA
visual identification
task
Maquestiaux et al CHOA 3M 9F 29.2 (1.0) . Yes
(2010) CHYA 10M 10F | NA PRP Paradigm | \a
Strobach et al CHOA 5M 5F 29.8 (0.4) PRP Paradigm Yes
(2012a) CHYA 5M 5F NA NA
Strobach et al CHOA 5M 5F 29.8 (0.4) PRP Paradigm Yes
(2012b) CHYA 5M 5F NA NA
Lagué-Beauvais et al | CHOA 6M 13F 28.26 (0.93) Colour and Letter | Yes
(2015) CHYA 7M 9F NA dual-task NA
(PRP Paradigm)
Ren et al (2017) CHOA 20 UNK Audiovisual temporal | Yes
CHYA 20 UNK asynchrony NA
integration task
(PRP Paradigm)
Ren et al (2018) CHOA 15 UNK Audiovisual temporal | Yes
CHYA 15 UNK asynchrony NA
integration task
(PRP Paradigm)
B. Wang et al (2018) | CHOA 25 > 24 Audiovisual temporal | Yes
CHYA 27 > 24 asynchrony NA
integration task
(PRP Paradigm)
MCI and AD studies
Perry & Hodges aMCl 12 26.2 (1.6) No
(2000) CHOA 20 29.0 (1.0) Della Sala DT NA
Perry et al (2000) mAD 14 20.4 (2.0) Yes
miAD 13 26.08 (1.6) Della Sala DT No
CHOA 30 29.4 (0.8) NA
Baddeley et al AD 26M 10F 19.94 (1.78) Visual search and Yes
(2001) — Experiment | CHOA 18M 18F | UNK auditory detection | Yes
4 CHOY 10M 26F NA DT NA
Calderon et al (2001) | AD 6M 3F 21.4(2.2) Della Sala DT Yes
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CHOA7M 10F | 28.8 (1.0) NA
(DLB 8M 2F) [20.0 (3.1)] Yes
Logie et al (2004) — | AD 4M 4F 21.1(2.3) e Yes
Experiment 1 CHOA 4M 4F 28.9 (1.3) r:;‘i'ld:r']zyt:‘a‘iﬁ';g No
CHOQOY 4M 4F NA NA
MacPherson et al AD 12 22.0(2.0) Yes
(2004) CHOA 12 UNK Della Sala DT Yes
CHOY 12 NA NA
Dannhauser et al aMCI 5M 5F 24.5 (1.5) Visual and auditory | Yes
(2005) CHOA 4M 10F 28.3 (1.6) processing paradigm | NA
Nordlund et al MCI 35 28.5 (1.5) Baddeley’s digit No
(2005) CHOA 112 29.3(1.1) recall and tracking | NA
DT
Lopez et al (2006) mixMCl 13M 3MSE 88.2 Yes
15F (7.3) Baddeley’s digit
aMCl 6M 4F 92.6 (6.2) recall and tracking | No
CHOA 142M 96.0(12.3) DT NA
232F
Sebastian et al AD 8M 19F 20.37 (2.20) Yes
(2006) CHOA 7M 20F 27.56 (2.12) Della Sala DT No
CHOY 3M 27F NA NA
MacPherson et al AD 5M 10F 22.1(1.8) Baddeley’s digit Yes
(2007) CHOA 10M 10F | UNK recall and tracking | No
CHQOY 10M 10F NA DT NA
Silveri et al (2007) mixMCl 8 26.00 (1.41) Yes
naMCl 12 27.00 (2.67) Test for Everyday No
aMCl 13 26.54 (1.98) Attention DT No
CHOA 21 29.05 (0.97) NA
Kaschel et al (2009) | AD 12M 10F 21.5(3.3) Baddeley’s digit Yes
CHOA 9M 15F 28.5(1.3) recall and tracking | NA
(D 21M 22F) [29.1 (0.8)] DT (No)
Lonie et al (2009) mAD 3M 7F 25.0 (2.3) e No
aMCl 16M 17F | 28.4 (1.6) Baddeley's digit | \ |
CHOA8M 13F | 29.1(0.7) recall a”STtraCk'”g NA
(D 3M 14F) [28.6 (1.5)] (No)
Price et al (2010) aMCl 8M 25F 27.4 (1.4) Test for Everyday No
CHOA 9M 24F 29.0(0.9) Attention DT NA
Foley et al (2011) AD 23M 27F 19.32 (4.14) Yes
MCI 18M 31F 27.04 (1.74) Della Sala DT No
CHOA 22M 28F UNK NA
Clément et al (2013) | LMCI5M 7F 27.00 (1.81) Alphanumeric Yes
HMCI 5M 7F 28.92 (1.68) equation taskand | Yes
CHOA 6M 8F 29.29 (1.14) visual detection DT | NA
Foley et al (2013) AD 23M 27F 19.32 (4.14) Digit recall and Yes
CHOA 22M 28F NA tracking DT NA
Makizako et al aMCl 21M 15F 27.1(1.8) Visual stimuliand | Yes
(2013) CHOA 26M 36F | 27.0 (2.0) cognitive test DT | NA
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3MSE - modified Mini-Mental State Examination, a - amnestic, AD - Alzheimer’s disease, CHOA -
Cognitively healthy older adult, CHYA - Cognitively healthy young adult, HMCI - high cognition MClI,
LMCI - low cognition MCI, MCI - Mild Cognitive Impairment, m - mild, mi - minimal, mix — mixed, mo -
moderate, MM - modified extended Mini-Mental State Examination, NA - non applicable, UNK —
unknown.

DT abilities was most frequently assessed between young and older adults with the
psychological refractory period (PRP) paradigm, or a variant, observed in 78% of the studies
reviewed. Where performance deficits in the older group was reported in all the studies.
Whereas the Della Sala DT (Della Sala et al., 1995a) was most commonly employed in 30% of
the studies involving MCI participants, and 40% of AD participants studies, with one study
assessing both groups (Foley et al., 2011). No DT deficits were reported with the MClI
participants except for one study with two MCI groups, where the mild MCI group showed
deficits but not the minimal (the less severe) MCI group (R. J. Perry et al., 2000). The
(Baddeley) digit recall and tracking DT (Baddeley et al., 1986; Foley et al., 2013) was also
used in 40% of AD participants. Deficits with this group was observed in all the studies that
used the Della Sala DT, and in all the digit and tracking DT studies except for one (Lonie et

al., 2009).

2.4.2 Inhibition
The EF inhibition is defined as the suppression of prepotent thoughts and actions (Miyake,
Friedman, et al., 2000).

Thirty-five studies were found to have assessed inhibitory control between young and older
adults, 46 studies assessing MCI participants, and 39 studies assessing AD participants, see

Table 2.2.

Table 2.2. Assessing Inhibition ability in Cognitive Ageing, and MCl and AD sufferers

Study Participants MMSE Task/Test Deficit
(Mean/SD)

Cognitive Ageing studies

Nielson et al (2002) | CHOA 4M 4F > 26 Yes
CHYOA 1M 8F > 26 No
CHMA 3M 4F > 26 Go/No-Go No
CHYA 6M 4F NA NA

Langenecker & CHOA 3M 8F > 26 No

Nielson (2003) CHYA 4M 7F > 26 Go/No-Go NA

Nielson et al (2004) | CHOA 6M 8F 28.6 (1.5) Go/No-Go Yes
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CHYA 8M 6F NA NA
Langenecker et al CHOA 5M 8F 28.4 (1.56) Stroop Yes
(2004) CHYA 6M 7F NA NA
Bherer et al (2006) | CHOA 7M 5F MM 56 (UNK) Stroop Yes
CHYA5M 7F NA NA
Keightley et al CHOA 30 28.8 (0.9) Yes
Stroop
(2006) CHYA 30 29.7 (0.5) NA
Jennings et al CHOA 35M 28F 29.21 (SE Flanker Yes
(2007) 0.12) (Attentional
CHYA 25M 35F NA network task) NA
Langenecker et al CHOA 11 29.4 (0.8) Yes
(2007) CHYA 11 29.3 (0.7) Go/No-Go NA
Andrés et al (2008) | CHOA 30 28.46 (1.13) Stroop Yes
— Experiment 1 CHYA 30 NA NA
Andrés et al (2008) | CHOA 30 28.46 (1.13) Negative Priming No
— Experiment 1 CHYA 30 NA NA
Andrés et al (2008) | CHOA 43 29.1(1.3) . Yes
. Stop-signal
— Experiment 2 CHYA 45 NA NA
Andrés et al (2008) | CHOA 43 29.1(1.3) Negative Priming No
— Experiment 2 CHYA 45 NA NA
Damoiseaux et al CHOA 9M 13F 28.73 (1.4) Stroop Yes
(2008) CHYA 5M 5F 29.50 (0.5) NA
Clarys et al (2009) | CHOA 44 >27 Stroop Yes
CHYA 44 NA NA
Gamboz et al CHOA 40 29.5(0.8) Stop-signal Yes
(2009) CHYA 40 NA NA
Kubo-Kawai & CHOA 9M 6F 224 Simon Yes
Kawai (2010) CHYA 6M 12F NA NA
Kubo-Kawai & CHOA 9M 6F 224 Simon (Go/no-go | No
Kawai (2010) CHYA 6M 12F NA version) NA
Magquestiaux et al | CHOA 3M 9F 29.2 (1.0) - Yes
(2010) CHYA 10M 10F | UNK Modified Stroop. |\
Morrone et al CHOA 12M 18F 29.5(0.62) Hayling Yes
(2010) CHYA 10M 20F NA NA
Morrone et al CHOA 12M 18F 29.5(0.62) Stroop Yes
(2010) CHYA 10M 20F NA NA
Vallesi et al (2010) | CHOA 9M 11F 28.5 (UNK) Letter-Number | Yes
CHYA 8M 12F NA Go/No-Go NA
Vallesi et al (2010) | CHOA 9M 11F 28.5 (UNK) Number Go/No- | Yes
CHYA 8M 12F NA Go NA
Albinet et al (2012) | CHOA 17M 22F | 28.4 (1.4) Stroop Yes
CHYA 11M 17F NA NA
Albinet et al (2012) | CHOA 17M 22F 28.4 (1.4) Stop-signal Yes
CHYA 11M 17F NA NA
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Albinet et al (2012) | CHOA 17M 22F 28.4(1.4) Random Number | Yes
CHYA 11M 17F NA Generation, NA
Adjacency
Boucard et al acCHOA 7M 8F 29.2 (0.8) Yes
(2012) seCHOA 7M 8F 28.9 (1.0) Yes
acCHYOA 7M 8F | 29.1 (0.8) Ragdom Ntl.meer Yes
seCHYOA7M 8F | 29.1(1.0) :(;‘zzaer']zc Yes
acCHYA 15M 17F | NA NA
seCHYA 15M 16F | NA NA
Boucard et al acCHOA 7M 8F 29.2 (0.8) Yes
(2012) seCHOA 7M 8F 28.9 (1.0) Yes
acCHYOA 7M 8F 29.1 (0.8) . Yes
Simon
seCHYOA 7M 8F 29.1 (1.0) Yes
acCHYA 15M 17F | NA NA
seCHYA 15M 16F | NA NA
Boucard et al acCHOA 7M 8F 29.2 (0.8) Yes
(2012) seCHOA 7M 8F 28.9 (1.0) Yes
acCHYOA 7M 8F 29.1(0.8) Stroop Yes
seCHYOA 7M 8F 29.1(1.0) Yes
acCHYA 15M 17F | NA NA
seCHYA 15M 16F | NA NA
Endrass et al CHOA 11M 11F 29.1 (0.9) - Yes
(2012) CHYA10M 11F | NA Modified Flanker | \
Hsieh et al (2012) CHOA 9M 7F 29.56 (0.63) Flanker (PRO- No
CHYA 6M 10F 29.69 (0.70) bias) NA
Hsieh et al (2012) | CHOA 9M 7F 29.06(0.93) | . (non-bias| No
CHYA 6M 10F 29.63 (0.62) NA
Hsieh et al (2012) | CHOA 9M 7F 29.19 (0.83) Flanker (ANTI- | No
CHYA 6M 10F 29.63 (0.50) bias) NA
Kawai et al (2012) | CHOA 13M 2F 27.7 (UNK) Flanker No
CHYA 8M 5F NA NA
Kawai et al (2012) | CHOA 13M 2F 27.7 (UNK) Simon Yes
CHYA 8M 5F NA NA
Mayas et al (2012) | CHOA 7M 11F 29.44 (0.70) Stroop Yes
CHYA 7M 11F 29.44 (0.70) NA
Mayas et al (2012) | CHOA 7M 11F 29.44 (0.70) Negative Priming Yes
CHYA 7M 11F 29.44 (0.70) NA
Wang & Su (2013) | CHOA 16M 16F > 27 Yes
CHOM 21M 21F >27 Hayling - Part B | Yes
CHYA 16M 16F > 27 NA
Wang & Su (2013) | CHOA 7M 11F > 27 Yes
CHOM 7M 11F |27 Stroop No
CHYA 7M 11F >27 NA
Aisenberg et al CHOA 15 29.3 (UNK) Yes
(2014) - CHYA 15 NA Simon NA

Experiment 1
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Amer & Hasher CHOA 9M 23F 29.09 (1.06) Stroop Yes
(2014) CHYA 12M 22F NA NA
Pettigrew & Martin | CHOA 60 28.8(1.1) Yes
Flanker
(2014) CHYA 102 NA NA
Pettigrew & Martin | CHOA 60 28.8 (1.1) Yes
Stroop
(2014) CHYA 102 NA NA
Pettigrew & Martin | CHOA 60 28.8 (1.1) Nonverbal Stroop | Yes
(2014) CHYA 102 NA task NA
Pettigrew & Martin | CHOA 60 28.8 (1.1) Picture-word No
(2014) CHYA 102 NA interference NA
Tournier et al CHOA 31 28.93 (1.06) . Yes
Hayling
(2014) CHYA 30 NA NA
Aisenberg et al CHOA 51 >27 Yes
(2015) — CHYA 45 NA Simon NA
Experiment 1
Lagué-Beauvais et | CHOA 6M 13F 28.26 (0.93) Stroop Yes
al (2015) CHYA 7M 9F NA NA
Sylvain-Roy et al CHOA 28M 46F 29.0 (1.1) Antisaccade Yes
(2015) CHYA 33M 42F NA NA
Sylvain-Roy et al CHOA 28M 46F 29.0 (1.1) . Yes
(2015) CHYA33M42F | NA Modified Stroop. |\ \
Coxon et al (2016) | CHOA 9M 11F >27 Stop-signal Yes
CHYA OM 11F >29 NA
Hsieh et al (2016) CHOA 7M 9F 27.19 (0.73) 20% Go/80% No- | Yes
CHYA 7M 9F 28.19 (1.01) Go (small NA
demand)
Hsieh et al (2016) CHOA 8M 8F 26.69 (1.10) 50% Go/50% No- | Yes
CHYA 8M 8F 28.50 (0.71) Go (equal NA
demand)
Hsieh et al (2016) CHOA 7M 9F 27.06 (1.14) 80% Go/20% No- | Yes
CHYA 7M 9F 28.63 (0.60) | Go (high demand) | NA
Crawford et al CHOA 15 UNK Antisaccade Yes
(2017) CHYA 16 NA NA
Crawford et al CHOA 15 UNK Memory-guided | Yes
(2017) CHYA 16 NA Antisaccade NA
Crawford et al CHOA 15 UNK Go/No-Go Yes
(2017) CHYA 16 NA Antisaccade NA
Dupart et al (2018) | CHOA 7M 31F 2897 (135) | . Hayling Yes
CHYA 8M 30F NA NA
Waring et al (2019) | CHOA 17M 19F 29.17 (1.06) Emotional Go/No- | Yes
CHYA 24M 20F NA Go NA
Waring et al (2019) | CHOA 17M 19F 29.17 (1.06) Colour word Yes
CHYA 24M 20F NA interference NA
MCI and AD studies
Perry & Hodges AD 12 26.2 (1.6) Yes
Stroop
(2000) CHOA 20 29.0(1.0) NA
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Perry et al (2000) mAD 14 20.4 (2.0) Yes
miAD 13 26.08 (1.6) Stroop Yes
CHOA 30 29.4 (0.8) NA
Calderon et al AD 6M 3F 21.4(2.2) Yes
(2001) CHOA 7M 10F 28.8 (1.0) Stroop NA
(DLB 8M 2F) [20.0 (3.1)] (NA)
Collette et al AD 4M 22F 19.3 (4.2) Yes
(2002) CHOA 4M 22F UNK Go/No-Go NA
Collette et al AD 4M 22F 19.3 (4.2) . Yes
Hayling
(2002) CHOA 4M 22F UNK NA
Collette et al AD 4M 22F 19.3 (4.2) Yes
Stroop
(2002) CHOA 4M 22F UNK NA
Dwolatzky et al mAD 13M 16F 24.17 (3.25) Yes
(2003) MCI 17M 13F 27.63 (1.54) Go/No-Go Yes
CHOA 13M 26F 29.03 (1.11) NA
Dwolatzky et al mAD 13M 16F 24.17 (3.25) NA
(2003) MCI 17M 13F 27.63 (1.54) Stroop Yes
CHOA 13M 26F 29.03 (1.11) NA
Amieva et al (2004) | revAD 6M 16F 21.4 (2.4) Yes
revCHOA 6M 16F | 27.5 (1.7) . NA
intAD 5M 17F 21.1(3.0) Modified Stroop | .
intCHOA 5M 17F | 27.9 (1.7) NA
Crawford et al mAD 13M 5F 20.9 (4.3) Yes
(2005) CHOA 8M 10F 29.2 (1.1) Antisaccade Yes
CHOY 8M 9F NA NA
Crawford et al mAD 13M 5F UNK Yes
(2005) CHOA 8M 10F >27 Go/No-Go Yes
CHOY 8M 9F NA NA
Nordlund et al MCI 35 28.5(1.5) Picture Stroop Yes
(2005) CHOA 112 29.3 (1.1) NA
Nordlund et al MCI 35 28.5(1.5) Victoria Stroop No
(2005) CHOA 112 29.3 (1.1) NA
Belleville et al AD 4M 8F 22.9(2.0) Yes
(2006) CHOA 4M 8F 28.2 (1.1) Hayling Yes
CHOY 6M 6F NA NA
Belleville et al AD 4M 8F 22.9(2.0) Yes
(2006) CHOA 4M 8F 28.2(1.1) Stroop Yes
CHOY 6M 6F NA NA
Duong et al (2006) | AD 39 29.12 (0.97) Yes
MCI 61 27.20(2.25) Picture Stroop Yes
CHOA 60 22.08 (3.76) NA
Duong et al (2006) | AD 39 29.12 (0.97) Yes
MCI 61 27.20(2.25) Victoria - Stroop | No
CHOA 60 22.08 (3.76) NA
Kramer et al (2006) | AD 33 25.2 (1.3) Yes
aMCl 22 28.5(1.5) Stroop Yes
CHOA 35 29.5(0.8) NA
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Lopez et al (2006) mixMCl 13M 15F | 3MSE 88.2 Yes
(7.3) Stroop

aMCl 6M 4F 92.6 (6.2) No

CHOA 142M 232F | 96.0 (12.3) NA

Belleville et al AD 19 24.65 (3.60) Yes

(2007) CHOA 29 in total 28.74 (0.93) . NA
Hayling

MCI 28 28.36 (1.98) No

CHOA 29 in total | 28.88 (0.99) NA

Belleville et al AD 19 24.65 (3.60) Yes

(2007) CHOA29intotal | 28.74(0.93) | . . . Stroop NA

MCI 28 28.36 (1.98) No

CHOA 29 in total | 28.88 (0.99) NA

Traykov et al MCI 16M 4F 28.95 (1.1) Stroop Yes

(2007) CHOA 14M 6F 29.5 (0.5) NA

Zamarian, AD 6M 9F 21.3(2.2) Yes

Semenza, et al CHOA 7M 13F 29.1(0.8) Math Stroop NA

(2007) MCI 11M 7F 27.0 (1.4) Yes

CHOA 5M 15F 28.8 (0.8) NA

Zamarian, AD 6M 9F 21.3(2.2) Yes

Semenza, et al CHOA 7M 13F 29.1(0.8) Colour word NA

(2007) MCI 11M 7F 27.0(1.4) interference Yes

CHOA 5M 15F 28.8 (0.8) NA

Zhang et al (2007) | MCI 32 27.4 (2.0) No

CHOA 32 28.7 (1.8) Go/No-Go NA

Zhang et al (2007) | MCI 32 27.4(2.0) . No

CHOA 32 28.7 (1.8) Negative Priming | \ A

Zhang et al (2007) | MCI 32 27.4 (2.0) No
Stroop

CHOA 32 28.7 (1.8) NA

Belleville et al AD 6M 7F 24.85 (4.0) Yes

(2008) CHOA M 11F 28.69 (0.8) Stroop - Victoria NA

MCI 8M 12F 28.15(2.1) No

CHOA M 15F 28.9 (0.9) NA

Bisiacchi et al AD 8M 12F 20.79 (1.92) Yes

(2008) — aMCl 6M 8F 25.71 (1.59) Hayling No

Experiment 2 CHOA 5M 9F 27.80(1.57) NA

Kaufmann et al MCI 6 24.8 (1.2) Numerical Stroop Yes

(2008) CHOA 9 29.0(1.2) NA

Bélanger & AD 8 23.5(4.0) Yes

Belleville (2009) MCI 18 27.3 (1.8) Hayling Yes

CHOA 16 29.2 (0.9) Yes

CHYA 20 NA NA

Bélanger & AD 8 23.5(4.0) No

Belleville (2009) MCI 18 27.3(1.8) Stroop No

CHOA 16 29.2 (0.9) NA

CHYA 20 NA NA

Brambati et al mMCI 18 5M 5F 22.5(2.3) Stroop - Victoria Yes

(2009) aMCI-MD 3M 11F | 26.5 (1.8) Yes
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aMCI-SD 5M 6F | 28.5 (1.0) No
CHOA 5M 8F 29.1(1.2) NA
C. Li et al (2009) AD 5M 5F 16.7 (2.6) Yes
MCI 5M 4F 26.4 (4.2) Stroop Yes
CHOA 4M 5F 28.8 (0.9) NA
Zhou & Jia (2009) | MCI/AD 12M 18F | 26.2 (1.1) Yes
2/(I)$:I/SVD 36M 26.7 (2.2) Stroop Yes
CHOA 45M 35F 28.8 (1.1) NA
Bélanger et al AD 11 23.4 (3.7) Yes
(2010) MCI 20 27.4(2.1) Stroop Yes
CHOA 20 28.8 (1.4) Yes
CHYA 20 NA NA
Gronholm-Nyman | AD 3M 6F 25.3(3.2) Yes
et al (2010) MCI 6M 7F 27.5(1.5) Stroop Yes
CHOA 3M 9F 29.1(0.7) NA
Hutchison et al AD (mild) 21M 28.22 (UNK) Yes
(2010) 17F Stroop
CHOA 24M 39F 29.19 (UNK) NA
Luks et al (2010) AD 4M 2F 27.0(0.8) Yes
MCI 6M 3F 29.0 (1.0) No
CHOA 12M 10F 29.0(0.7) NA
(CBD 1M 1F [28.0 (0.0) (Yes
FTD 8M 3F 27.0 (2.9) Flanker Yes
PNFA 1M 1F 27.0 (0.0) No
PSP 1M 2F 27.0 (4.2) Yes
SD 6M 4F) 24.0 (5.8)] Yes)
McGuinness et al AD 28 >12 Yes
(2010) CHOA 75 >28 Stroop NA
(VaD 46) (=212) (Yes)
Pa et al (2010) AD 6M 4F 26.0 (3.1) Yes
MCI 30M 27F 28.4 (1.5) Yes
CHOA 20M 20F 29.8 (0.5) Colour word NA
(ALS 5M 1F [29.2 (2.0) . (No
CBD 4M 8F 27.3 (2.0) interference | ¢
FTD 17M 4F 26.1(4.4) Yes
SD 9M 5F) 23.5(6.2)] Yes)
S. E. Price et al aMCl 8M 25F 27.4(1.4) Colour word No
(2010) CHOA 9M 24F 29.0(0.9) interference NA
Sinai et al (2010) MCl-able 6M 10F | 28.40 (0.4) No
MCl-cue 3M 2F 26.20(0.8) No
MCl-unable 2M 25.17 (0.8) Stroop - Victoria | No
4F
CHOA 5M 12F 28.6 (0.4) NA
Tse et al (2010) AD 74 26.58 (2.78) Yes
CHOA 246 28.99 (1.36) Stroop Yes
CHYA 32 NA NA
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Tse et al (2010) AD 74 26.58 (2.78) Yes
CHOA 246 28.99 (1.36) Simon Yes
CHYA 32 NA NA
Ahn et al (2011) AD 52M 118F 19.3 (5.0) Yes
aMCl 47M 52F 26.2 (2.5) Go/No-Go Yes
CHOA 56M 86F 28.7 (1.5) NA
Ahn et al (2011) AD 52M 118F 19.3 (5.0) Yes
aMCI 47M 52F 26.2 (2.5) Stroop Yes
CHOA 56M 86F 28.7 (1.5) NA
Gagnon & Belleville | AD 16 23.94 (2.29) Yes
(2011) ;I\gill\}l?éla;d 27.95 (1.50) Stroop - Victoria No
CHOA 20 28.80 (1.06) NA
C. Li et al (2011) AD 3M 3F 20.4 (UNK) Yes
CHOA 3M 5F 28.7 (UNK) Stroop NA
(VaD 4M 2F) [20.4 (UNK)] (Yes)
Apostolova et al AD 16M 27F 22.2 (4.9) Yes
(2012) MCI 22M 11F 27.8(2.3) Stroop Yes
CHOA 25M 21F 29.5 (0.6) NA
Guerdoux et al AD 7M 10F 24.0 (1.9) Yes
(2012) - aMCI 10M 7F 27.5(1.6) Stroop - Victoria | No
Experiment 2 CHOA 11M 6F 28.4 (1.3) NA
Johns et al (2012) aMClI 18M 22F 28.1(1.4) Stroop Yes
CHOA 13M 19F 28.9(1.1) NA
Johns et al (2012) MCI 18M 22F 28.1(1.4) Hayling Yes
CHOA 13M 19F 28.9(1.1) NA
Zheng et al (2012) | aMCI 14M 20F 28.3 (1.5) Stroop No
CHOA 18M 18F 29.5(0.7) NA
Zheng et al (2012) | aMCI 14M 20F 28.3(1.5) Stop-signal Yes
CHOA 18M 18F 29.5(0.7) NA
Sungetal (2012) | MCI 16 124.87 (3.40) No
CHOA 16 126.45 (2.11) Go/No-Go NA
Sungetal (2012) | MCI 16 124.87 (3.40) Yes
1 Stroop
CHOA 16 26.45 (2.11) NA
Chen et al (2013) AD 88M 38F 20.2 (3.6) Yes
aMCl 82M 38F 26.6 (1.4) Stroop Yes
CHOA 68M 32F 28.4(1.7) NA
Crawford et al AD 18 20.9 (4.3) Yes
(2013) CHOA 18 29.2 (1.1) Antisaccade NA
CHYA 17 UNK No
(PD 25) [28.8 (1.2)] (No)
Stricker et al MCI 13M 19F 27.45 (1.95) Stroop Yes
(2013) CHOA 30M 51F | 28.05 (1.68) NA
Cid-Fernandez et al | aMCl 14M 16F 25.9 (2.4) Go/No-Go Yes
(2014) CHOA 22M 41F | 28.2(1.5) NA
Peltsch et al (2014) | AD 22M 50F 27.0(2.0) Antisaccade Yes
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aMCl 10M 12F 27.0 (2.0) Yes
CHOA 9M 15F 29.0 (1.0) NA
Peltsch et al (2014) | AD 22M 50F 27.0(2.0) Yes
aMCI 10M 12F 27.0(2.0) Stroop Yes
CHOA 9M 15F 29.0 (1.0) NA
Pereiro et al (2014) | md aMCI 31 23.87 (1.78) Yes
sd aMCl 31 27.54 (1.47) Simon Yes
CHOA 41 28.58 (1.35) NA
Puente et al (2014) | MCl 7M 10F 25.9 (2.4) Stroop Yes
CHOA10M 16F 28.0 (2.0) NA
Zheng et al (2014) | aMClI 16M 34F 27.9 (1.5) Stop-signal Yes
CHOA 19M 29F | 29.5 (0.7) NA
El Haj, Largi, et al AD 8M 23F 21.68 (1.87) Stroop Yes
(2015) CHOA 10M 23F | 28.00 (1.52) NA
El Haj, Antoine, & AD 8M 16F 21.83 (1.52) Stroop Yes
Kapogiannis (2015) | CHOA 9M 17F 28.31 (1.28) NA
B.Y. Lietal (2016) | MCI 15M 9F 26.41 (2.12) Stroop No
CHOA 14M 8F 28.95 (0.95) NA
Mudar et al (2016) | aMCl 9M 16F 28.4 (1.3) Yes
CHOA 9M 16F 28.6 (0.5) Go/No-Go NA
Yuan et al (2016) | aMCI 57M 62F 26.21 (2.69) Stroop Yes
CHOA 42M 37F 28.21 (1.46) NA
Borella et al (2017) | MCI 6M 9F 27.40 (1.45) Stroop Yes
CHOA 7M 11F 29.50 (0.62) NA
Huang et al (2017) | AD 11M 20F 21.2 (3.2) Stroop Yes
CHOA 17M 14F 27.0(1.2) NA
Martyr et al (2017) | AD 18M 12F 23.10 (2.87) Yes
CHOA 22M 32F 28.78 (1.00) Hayling NA
(PD 15M 18F) [29.39 (1.12)] (Yes)
Borsa et al (2018) aMCl 5M 2F 27.14 (2.11) Flanker Yes
CHOA 5M 2F 28.42 (1.81) (Attentional NA
network task)
Matias-Guiu et al AD 7M 12F 24.26 (4.33) Yes
(2018) CHOA 9M 10F 29.16 (1.21) Hayling NA
(bvFTD 9M 10F [24.00 (4.79) (Yes
ALS 8M 11F) 28.00 (1.63)] No)
Matias-Guiu et al AD 7M 12F 24.26 (4.33) Yes
(2018) CHOA 9M 10F 29.16 (1.21) Stroop NA
(bvFTD 9M 10F [24.00 (4.79) (Yes
ALS 8M 11F) 28.00 (1.63)] No)
Cervera-Crespo et | moAD 8M 8F 22.46 (1.06) Yes
al (2019) mAD 7M 8F 23.81 (0.91) Hayling Yes
CHOA 8M 8F 28.66 (2.49) NA
Garcia-Alvarez et al | AD 27M 30F 21.21 (4.28) UNK
(2019) MCI 27M 21F 25.96 (2.03) Stroop Yes
CHOA 49M 75F 28.49 (1.40) NA

Page 61 of 359



Ferreira et al moAD 11 19.00 (UNK) Yes
(2019) mAD 22 22.50 (UNK) Stroop Yes
CHOA 56 29.00 (UNK) NA
(D 19) [29.00 (UNK)] No

1Korean MMSE, ac - active, ALS - amyotrophic lateral sclerosis, bv - behavioural variant, CBD - cortical
basal degeneration, FTD - frontotemporal dementia, int - performed the Interference task first,
MCI/SVD - cerebral small vessel disease originated, MCI/AD - AD originated, md - multi-domain, p -
Progressors, rev - performed the reverse task first, rMCI - reverted back to CH, sd - single-domain, se
- sedentary, SD - semantic dementia, SE - Standard Error, sMCI - stayed as MCI, VaD - Vascular
dementia.

Between young and older adults, the Stroop task (Stroop, 1935), or a modified version such
as the nonverbal Stroop (Pettigrew & Martin, 2014), was employed 17 times across 16
studies. Pettigrew & Martin (2014) used a picture-word interference task (Lupker, 1979;
Schriefers et al., 1990) as well. Inhibition deficits were reported in all. A similar task, the
colour-word interference task (Delis et al., 2001) was utilised in one study (Waring et al.,

2019) and also showed performance deficits.

The Stroop task, including other versions such as the Victoria (Spreen & Strauss, 1998),
picture (Duong et al., 2006; Nordlund et al., 2005), math (Zamarian, Semenza, et al., 2007),
and numerical (Kaufmann et al., 2008), was also observed to be the primary task used in the
pathological cognitive impaired studies. It was employed in 34 studies involving MClI
participants, and 33 studies with AD participants. 18 of these assessed both participant
groups. Inhibitory deficits was reported in 62% (21) of the MCI participant studies, though
two studies (Brambati et al., 2009; Lopez et al., 2006) with multiple MCI subtypes also
reported finding no deficits with other MCl types assessed. All but one study (Bélanger &
Belleville, 2009) reported deficits with the AD participants, however two did not assess their

participants (Dwolatzky et al., 2003; Garcia-Alvarez et al., 2019).

2.4.3 Shifting
Shifting, also referred to as switching, is the ability to effectively move back and forth

between two tasks (Miyake, Friedman, et al., 2000).

24 studies were reviewed comparing performance of this ability between CH young and
older adults, 42 studies in older individuals living with MCI, and in 35 studies with AD

participants, see Table 2.3.
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Table 2.3. Assessing Shifting ability in Cognitive Ageing, and MCI and AD sufferers

Study Participants MMSE Task/Test Deficit
(Mean/SD)
Cognitive Ageing studies
Hartman et al CHOA 31M 45F >24 Yes
(2001) - CHYA 31M 54F NA WCST NA
Experiment 1
Hartman et al CHOA 22M 26F 29.2 (0.9) . Yes
Modified
(2001) - CHYA 19M 29F NA NA
. WCST
Experiment 2
Souchay & Isingrini | CHOAM F 28.65 (1.43) WCST Yes
(2004) CHYAMF NA NA
Rhodes & Kelley CHOA 50 >27 T™T Yes
(2005) CHYA 50 > 27 NA
Rhodes & Kelley CHOA 50 >27 Yes
WCST
(2005) CHYA 50 > 27 NA
Bherer et al (2006) | CHOA 7M 5F MM 56 (UNK) Yes
CHYA 5M 7F NA TMTPart8 | \a
Chee fet al (2006) — | CHOA 6M 11F 28.7 (1.05) TMT Part B Yes
Experiment 1 CHYA 7M 13F 29.4 (0.92) NA
Hillman et al acCHOA 17 27.8(0.4) Yes
(2006) seCHOA 15 29.1(0.3) Task Switching | Yes
acCHYA 18 28.9 (0.3) paradigm NA
seCHYA 16 29.2 (0.3) NA
Keightley et al CHOA 30 28.8 (0.9) ™™T No
(2006) CHYA 30 29.7 (0.5) NA
Damoiseaux et al CHOA 9M 13F 28.73 (1.4) T™T No
(2008) CHYA 5M 5F 29.50 (0.5) NA
Skinner & CHOA 30 28.73 (1.26) TMT Yes
Fernandes (2008) CHYA 30 NA NA
Clarys et al (2009) g:s::j :|§7 Number-Letter LeAs
Clarys et al (2009) | CHOA 44 >27 Yes
CHYA 44 NA WesT NA
Gamboz et al CHOA 40 29.5(0.8) Number-Letter Yes
(2009) CHYA 40 NA NA
Gamboz et al CHOA 40 29.5(0.8) Yes
WCST
(2009) CHYA 40 NA NA
Taconnat et al CHOA 15M 47F >27 WCST Yes
(2009) CHYA 36M 26F NA NA
Gold et al (2010) CHOA 10 M 10F >28 Number-Letter Yes
CHYA 10 M 10F NA NA
Magquestiaux et al | CHOA 3M 9F 29.2 (1.0) T™T No
(2010) CHYA 10M 10F UNK NA
Albinet et al (2012) | CHOA 17M 22F 28.4 (1.4) Dimension- | Yes
CHYA 11M 17F NA Switching NA
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Albinet et al (2012) | CHOA 17M 22F 28.4 (1.4) S-R Yes
CHYA 11M 17F NA compatibility | NA
switching task
Albinet et al (2012) | CHOA 17M 22F 28.4 (1.4) WSCT Yes
CHYA 11M 17F NA NA
Boucard et al acCHOA 7M 8F 29.2 (0.8) Yes
(2012) seCHOA 7M 8F 28.9 (1.0) Yes
acCHYOA 7M 8F 29.1(0.8) Dimension- | Yes
seCHOYA 7M 8F 29.1(1.0) Switching | Yes
acCHYA 15M 17F NA NA
seCHYA 15M 16F NA NA
Boucard et al acCHOA 7M 8F 29.2 (0.8) Yes
(2012) seCHOA 7M 8F 28.9 (1.0) (Digit) Yes
acCHYOA 7M 8F 29.1(0.8) Number— Yes
seCHOYA 7M 8F 29.1 (1.0) Letter Yes
acCHYA 15M 17F NA NA
seCHYA 15M 16F NA NA
Boucard et al acCHOA 7M 8F 29.2 (0.8) No
(2012) seCHOA 7M 8F 28.9 (1.0) No
acCHYOA 7M 8F 29.1 (0.8) Plus—Minus No
seCHYOA 7M 8F 29.1 (1.0) No
acCHYA 15M 17F NA NA
seCHYA 15M 16F NA NA
Lagué-Beauvais et | CHOA 3M 16F 29.00 (1.15) TMT Yes
al (2013) CHYA 8M 13F NA NA
Wang & Su (2013) | CHOA 16M 16F >27 Yes
CHOM 21M 21F > 27 WCST Yes
CHYA 16M 16F >27 NA
Miiller et al (2014) | CHOA 8M 12F 29.25 (0.97) ™T Yes
CHYA 8M 12F NA NA
Tournier et al CHOA 31 28.93 (1.06) TMT Yes
(2014) CHYA 30 NA NA
Lagué-Beauvais et | CHOA 6M 13F 28.26 (0.93) T™T Yes
al (2015) CHYA 7M 9F NA NA
Sylvain-Roy et al CHOA 28M 46F 29.0 (1.1) Left-right Yes
(2015) CHYA 33M 42F NA shifting NA
Sylvain-Roy et al CHOA 28M 46F 29.0 (1.1) Number— Yes
(2015) CHYA 33M 42F NA Letter NA
Sylvain-Roy et al CHOA 28M 46F 29.0 (1.1) Plus—Minus No
(2015) CHYA 33M 42F NA NA
Waring et al (2019) | CHOA 17M 19F 29.17 (1.06) ™T Yes
CHYA 24M 20F NA NA
MCI and AD studies
Perry et al (2000) mAD 14 20.4 (2.0) Yes
miAD 13 26.08 (1.6) MCST No
CHOA 30 29.4 (0.8) NA
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Perry et al (2000) mAD 14 20.4 (2.0) Yes
miAD 13 26.08 (1.6) Visual Elevator | No
CHOA 30 29.4 (0.8) NA
Calderon et al AD 6M 3F 21.4(2.2) Yes
(2001) CHOA 7M 10F 28.8 (1.0) MCST NA
(DLB 8M 2F) [20.0 (3.1)] (Yes)
Traykov et al AD 6M 3F 23.2(2.4) Yes
(2002) CHOA 7M 10F 29.2 (0.6) MCST NA
(VaD 8M 2F) [23.9 (2.0)] (Yes)
Traykov et al AD 6M 3F 23.2(2.4) Yes
(2002) CHOA 7M 10F 29.2 (0.6) TMT PartB | NA
(VaD 8M 2F) [23.9 (2.0)] (Yes)
Nagahama et al AD 54 20.8 (3.3) Yes
(2003) MCI 17 26.4 (2.0) MCST Yes
CHOA 22 29.1(0.8) NA
Nordlund et al MCI 35 28.5(1.5) MCST No
(2005) CHOA 112 29.3 (1.1) NA
Nordlund et al MCI 35 28.5(1.5) Yes
(2005) CHOA 112 29.3 (1.1) TMTPartB | A
Baudic et al (2006) | mAD 6M 12F 29.1 (0.6) Yes
vmAD 3M 15F 25.6 (1.0) MCST Yes
CHOA 3M 14F 21.2(1.2) NA
Baudic et al (2006) | mAD 6M 12F 29.1 (0.6) Yes
vmAD 3M 15F 25.6 (1.0) TMT Part B Yes
CHOA 3M 14F 21.2(1.2) NA
Kramer et al (2006) | AD 33 25.2 (1.3) Yes
aMCl 22 28.5(1.5) Modified TMT | Yes
CHOA 35 29.5(0.8) NA
Loewenstein et al mAD 6M 12F 22.9(2.8) Yes
(2006) MCI/AD 3M 15F 25.54 (2.1) Yes
MCl/Vas 3M 15F 27.1(1.9) TMT Part B No
CHOA 3M 14F 27.7 (1.6) NA
Lopez et al (2006) mixMCl 13M 15F 3MSE 88.2 Yes
(7.3)
aMCl 6M 4F 92.6 (6.2) TMTPartB |y
CHOA 142M 232F 96.0(12.3) NA
Kramer et al (2007) | AD 16 22.8 (4.1) Yes
CHOA 36 29.6 (0.6) Design Fluency NA
(FTD 30 [25.6 (3.7) (Yes
SD 19) 24.1 (4.6)] No)
Silveri et al (2007) | mixMCI 8 26.00 (1.41) Yes
naMCl 12 27.00 (2.67) No
aMCl 13 26.54(1.98) | 'MTPartB o,
CHOA 21 29.05 (0.97) NA
Silveri et al (2007) | mixMCI 8 26.00 (1.41) Visual Elevator Yes
naMCI 12 27.00 (2.67) No
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aMCl 13 26.54 (1.98) Yes
CHOA 21 29.05 (0.97) NA
Silveri et al (2007) | mixMCI 8 26.00 (1.41) Yes
naMCI 12 27.00 (2.67) No
aMCl 13 26.54 (1.98) WEST No
CHOA 21 29.05 (0.97) NA
Traykov et al MCI 16M 4F 28.95(1.1) MCST Yes
(2007) CHOA 14M 6F 29.5(0.5) NA
Traykov et al MCI 16M 4F 28.95 (1.1) No
(2007) CHOA 14M 6F 29.5 (0.5) TMTPartB | A
Zamarian, AD 6M 9F 21.3(2.2) NA
Semenza, et al CHOA 7M 13F 29.1(0.8) NA
(2007) MCI 11M 7F 27.0 (1.4) TMTPartB |y
CHOA 5M 15F 28.8 (0.8) NA
Zamarian, MCI 11M 7F 26.9 (1.2) Yes
Stadelmann, et al CHOA 7M 11F 29.8 (0 .4) TMT Part B NA
(2007) CHOY 8M 10F NA NA
Zhang et al (2007) | MCI 32 27.4 (2.0) ™™T Yes
CHOA 32 28.7 (1.8) NA
Belleville et al AD 6M 7F 24.85 (4.0) Yes
(2008) CHOA M 11F 28.69 (0.8) Task Switching | NA
MCI 8M 12F 28.15 (2.1) paradigm Yes
CHOA M 15F 28.9 (0.9) NA
Belleville et al AD 6M 7F 24.85 (4.0) Yes
(2008) CHOA M 11F 28.69 (0.8) ... |NA
MCI 8M 12F 2815 (2.1) | SPatialshifting |y o
CHOA M 15F 28.9 (0.9) NA
Borkowska et al MCI 9M 21F 25.3(0.9) Yes
(2009) CHOA 9M 21F 29.5 (1.9) WCST NA
(D 9M 21F) [29.1 (1.3)] (Yes)
Ebert & Anderson | aMCI 15 28.4 (1.8) No
(2009) CHOA 44 29.3 (1.0) T™T NA
CHYA 27 NA NA
Espinosa et al AD 12M 38F 21.94 (2.58) Rule Shift Yes
(2009) MCI 28M 22F 26.06 (2.68) Cards Yes
CHOA 13M 37F 28.38 (1.68) NA
Lonie et al (2009) AD 3M 7F 25.0(2.3) Yes
aMCl 16M 17F 28.4 (1.6) ™T Yes
CHOA 8M 13F 29.1(0.7) NA
(D 3M 14F) [28.6 (1.5)] (Yes)
Mandzia et al MCI 7M 7F 27.7 (1.1) WCST No
(2009) CHOA 7M 7F 28.6 (1.1) NA
J. L. Price et al AD 38 28.1 (SE 0.4) T™T No
(2009) CHOA 59 28.2 (SE 0.3) NA
Schmitter- MCI 12M 14F 27.38 (1.77) Task Switching Yes
Edgecombe & CHOA 12M 14F 28.85(1.22) No

Sanders (2009)

paradigm
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Schmitter- MCI 12M 14F 27.38 (1.77) Yes
Edgecombe & CHOA 12M 14F 28.85(1.22) TMT Part B NA
Sanders (2009)
Chang et al (2010) | MCI LEF 137M 58F | 26.98 (1.68) Yes
MCI HEF 96M 67F 27.35(1.75) TMT Part B Yes
CHOA 115M 107F 29.12 (0.99) NA
Gronholm-Nyman | AD 3M 6F 25.3(3.2) Yes
et al (2010) MCI 6M 7F 27.5(1.5) ™T Yes
CHOA 3M 9F 29.1 (0.7) NA
Hutchison et al mAD 32 28.22 (UNK) T™T Yes
(2010) CHOA 64 29.19 (UNK) NA
McGuinness et al AD 28 > 28 Yes
(2010) CHOA 75 >12 Colour Trails | NA
(vaD 46) (=212) (Yes)
Pa et al (2010) AD 6M 4F 26.0 (3.1) Yes
MCI 30M 27F 28.4 (1.5) Yes
CHOA 20M 20F 29.8 (0.5) NA
(ALS 5M 1F [29.2 (2.0) Design Fluency | (No
CBD 4M 8F 27.3(2.0) Yes
FTD 17M 4F 26.1(4.4) Yes
SD 9M 5F) 23.5 (6.2)] Yes)
Pa et al (2010) AD 6M 4F 26.0 (3.1) Yes
MCI 30M 27F 28.4 (1.5) Yes
CHOA 20M 20F 29.8 (0.5) NA
ALS 5M 1F [29.2 (2.0) ™T (No
CBD 4M 8F 27.3(2.0) Yes
FTD 17M 4F 26.1 (4.4) Yes
SD 9M 5F) 23.5(6.2)] Yes)
S. E. Price et al aMCl 8M 25F 27.4 (1.4) T™T Yes
(2010) CHOA 9M 24F 29.0(0.9) NA
Sinai et al (2010) MCl-able 6M 10F 28.4 (0.4) Task Switching | No
MCl-cue 3M 2F 26.2 (0.8) paradigm— | Yes and No
MCl-unable 2M 4F | 25.17 (0.8) separates MCl | Yes
CHOA 5M 12F 28.6 (0.4) sufferers NA
Sinai et al (2010) MCl-able 6M 10F | 28.4 (0.4) No
MCl-cue 3M 2F 26.2 (0.8) T™T Yes
MCl-unable 2M 4F | 25.17 (0.8) Yes
CHOA 5M 12F 28.6 (0.4) NA
Tse et al (2010) AD 74 26.58 (2.78) o Yes
CHOA 246 28.99 (1.36) | osk>witching |\ o
CHYA 32 NA paradigm | \
Tse et al (2010) AD 74 26.58 (2.78) Yes
CHOA 246 28.99 (1.36) T™T NA
CHYA 32 NA NA
P.J. Brown et al AD 102M 91F 23.34 (2.06) Yes
(2011) aMCl 256M 138F 27.04 (1.78) TMT Yes
CHOA 119M 110F 29.11 (1.00) NA
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Kessels et al (2011) | AD 10M 15F 21.1(2.3) Yes
MCI 14M 11F 24.9 (2.9) TMT Yes
CHOA 13M 12F 28.2 (1.5) NA
Apostolova et al AD 16M 27F 22.2 (4.9) Yes
(2012) aMCl 22M 11F 27.8(2.3) ™T Yes
CHOA 25M 21F 29.5 (0.6) NA
Guerdoux et al AD 7M 10F 24.0(1.9) Yes
(2012) - aMCl 10M 7F 27.5(1.6) ™T No
Experiment 2 CHOA 11M 6F 28.4 (1.3) NA
Zheng et al (2012) | aMCI 14M 20F 28.3 (1.5) More-odd Yes
CHOA 18M 18F 29.5(0.7) shifting NA
Ballesteros et al MCI 10M 10F 24.70 (1.03) Yes
(2013) CHOA 12M 8F 29.40 (0.68) WCST Yes
CHYA 12M 8F 29.65 (0.49) NA
Bastug et al (2013) | AD 30 224.4 (UNK) Yes
aMCI 30 226 (UNK) TMT Yes
CHOA 25 228 (UNK) NA
Bastug et al (2013) | AD 30 224.4 (UNK) Yes
aMCl 30 226 (UNK) O(E?TII\T/:\T/')T Yes
CHOA 25 228 (UNK) NA
Chen et al (2013) AD 88M 38F 20.2 (3.6) . Yes
aMCl 82M 38F 26.6 (1.4) MOdFlf'edBTMT Yes
CHOA 68M 32F 28.4 (1.7) art NA
Chen et al (2013) AD 88M 38F 20.2 (3.6) Yes
aMCl 82M 38F 26.6 (1.4) Design Fluency | Yes
CHOA 68M 32F 28.4 (1.7) NA
Lee et al (2013) AD 8M 23F 116.16 (5.25) T™T Yes
CHOA 5M 26F 125.58 (3.60) NA
Makizako et al aMCl 21M 15F 27.1(1.8) ™™T No
(2013) CHOA 26M 36F 27.0 (2.0) NA
Stricker et al MCI 13M 19F 27.45 (1.95) ™™T Yes
(2013) CHOA 30M 51F 28.05 (1.68) NA
Stricker et al MCI 13M 19F 27.45 (1.95) WSCT Yes
(2013) CHOA 30M 51F 28.05 (1.68) NA
Guild et al (2014) | sd aMCI 2M 12F 28.14 (1.46) ™T No
CHOA 22M 26F 28.88 (1.36) NA
Guild et al (2014) | sd aMCI 2M 12F 28.14 (1.46) MSCT No
CHOA 22M 26F 28.88 (1.36) NA
Peltsch et al (2014) | AD 22M 50F 27.0(2.0) Yes
aMCl 10M 12F 27.0 (2.0) WSCT Yes
CHOA 9M 15F 29.0 (1.0) NA
Peters et al (2014) | pMCI 8M 10F 27.2 (2.0) No
sMCI 9M 13F 28.1(1.4) TMT No
CHOA 6M 14F 29.6 (0.5) NA
Puente et al (2014) | MCI 7M 10F 25.9 (2.4) IMT Yes
CHOA 10M 16F 28.0(2.0) NA
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Zheng et al (2014) | aMCl 16M 34F 27.9 (1.5) Alternating Yes
CHOA 19M 29F 29.5(0.7) trail making | NA
(TMT Part B)
Zheng et al (2014) | aMCI 16M 34F 27.9 (1.5) More-odd | Yes
CHOA 19M 29F 29.5(0.7) shifting NA
El Haj, Largi, et al AD 8M 23F 21.68 (1.87) . Yes
Plus—Minus
(2015) CHOA 10M 23F 28.00 (1.52) NA
El Haj, Antoine, & AD 8M 16F 21.83 (1.52) . Yes
o Plus—Minus
Kapogiannis (2015) | CHOA 9M 17F 28.31 (1.28) NA
Huff et al (2015) AD 104 26.62 (3.12) Yes
CHOA 213 28.66 (1.41) Task Switching | Yes
CHMA 208 29.32 (1.04) paradigm Yes
CHYA 30 NA NA
Smits et al (2015) AD 101M 98F 22.0(4.0) Yes
CHOA 49M 63F 28.0(1.0) NA
(VaD 6M 4F [25.0 (4.0) ™T (Yes
DLB 26M OF 23.0(3.0) Yes
bvFTD 14M 6F 26.0(3.0) No
IVETD 12M 3F) 24.0 (3.0)] No)
Aurtenetxe et al MCI 11M 9F 28.3(1.7) T™T No
(2016) CHOA 8M 12F 29.4 (0.7) NA
Aurtenetxe et al MCI 11M 9F 28.3 (1.7) Rule shift Yes
(2016) CHOA 8M 12F 29.4(0.7) cards NA
Mudar et al (2016) | aMCI 9M 16F 28.4 (1.3) T™T Yes
CHOA 9M 16F 28.6 (0.5) NA
Redondo et al AD 16M 6F 23.71 (4.25) Yes
(2016) CHOA 11M 12F 28.12 (1.61) WCST NA
(DB 12M 8F) [26.57 (1.95)] (Yes)
Yuan et al (2016) | aMCI 57M 62F 26.21 (2.69) ™T Yes
CHOA 42M 37F 28.21 (1.46) NA
Huang et al (2017) | AD 11M 20F 21.2 (3.2) . Yes
CHOA 17M 14F 27.0 (1.2) Colour Trails B |\
Huang et al (2017) | AD 11M 20F 21.2(3.2) WCST No
CHOA 17M 14F 27.0(1.2) NA
Matias-Guiu et al AD 7M 12F 24.26 (4.33) Yes
(2018) CHOA 9M 10F 29.16 (1.21) ™T NA
(bvFTD 9M 10F [24.00 (4.79) (Yes
ALS 8M 11F) 28.00 (1.63)] No)
Garcia-Alvarez et al | AD 27M 30F 21.21 (4.28) Yes
(2019) MCI 27M 21F 25.96 (2.03) TMT Yes
CHOA 49M 75F 28.49 (1.40) NA

2 - median scores, CHMA - Cognitive healthy middle-aged adult, DB - Diabetic, DLB - dementia with
Lewy bodies, HEF - higher executive function, LEF - lower executive function, Iv - language variant,
MCI/Vas - vascular originated, MCST - Modified card sorting test, TMT - Trail making test, VaD -

vascular dementia, vm - very mild, WCST - Wisconsin card sorting test.
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The trail making test (TMT) (Reitan, 1992; Reitan & Wolfson, 1986) was found to be the
most common shifting task amongst the young and older adult studies, used 50% of the
time. Shifting deficits was reported in 75% of these. Similarly, the TMT or a variant, i.e. oral
TMT (Bastug et al., 2013), was observed frequently employed in the studies that recruited
MCI participants, 67% (28) and 60% (21) with AD participants. 14 assessed both pathological
participant groups with this task. Shifting deficits were observed in 52% (11) of these
studies, though three studies (Loewenstein et al., 2006; Silveri et al., 2007; Sinai et al., 2010)
had subtypes of MCI participants, reporting deficits in one or more of the other MCI groups
but not in all. Only one of studies failed to find deficits with the AD participants, thus 95%
reported performance deficits. One study however did not assess their AD participants

(zamarian, Semenza, et al., 2007).

2.4.4 Updating
Updating, defined as the continuous updating of content in WM, is examined by the

completion of a task that requires the manipulation of WM (Miyake, Friedman, et al., 2000).

The updating of WM between young and older adults was reviewed in 32 studies, in 38
studies examining participants living with MCI, and in 32 studies assessing participants living

with AD, see Table 2.4

Table 2.4. Assessing Updating ability in Cognitive Ageing, and MCl and AD sufferers
Study Participants MMSE Task/Test Deficit
(Mean/SD)
Cognitive Ageing studies
Clarys et al (2002) CHVOA 28 28.75 (0.89) Yes
CHOA 27 28.63 (0.97) Alpha span Yes
CHYOA 27 NA NA
Clarys et al (2002) CHVOA 28 28.75 (0.89) Yes
CHOA 27 28.63 (0.97) Word backward |
CHYOA 27 NA span NA
Salat et al (2002 CHOA 15M 16F 28.6 (0.2 Yes
2002 CHYA 10M 10F NA o2 N-back (3) | A
Gutchess et al CHOA 7M 6F 28.62 (1.33) BDS Yes
(2005) CHYA 7M 7F 29.29 (1.07) NA
Gutchess et al CHOA 7M 6F 28.62 (1.33) LNS Yes
(2005) CHYA 7M 7F 29.29 (1.07) NA
Rhodes & Kelley CHOA 50 >27 . Yes
(2005) CHYA 50 > 27 Operation span |\ \
Bherer et al (2006) | CHOA 7M 5F MM 56 (UNK) BDS No
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CHYA5M 7F NA NA
Chee et al (2006) — CHOA 6M 11F 28.7 (1.05) BDS Yes
Experiment 1 CHYA 7M 13F 29.4 (0.92) NA
Chee et al (2006) — CHOA 6M 11F 28.7 (1.05) Backward Yes
Experiment 1 CHYA 7M 13F 29.4 (0.92) Spatial Span NA
Keightley et al CHOA 30 28.8 (0.9) LNS Yes
(2006) CHYA 30 29.7 (0.5) NA
Isaacowitz et al CHOA 23M 27F 27.72 (1.93) BDS No
(2006) CHYOA 16M 19F 29.48 (1.06) NA
Damoiseaux et al CHOA 9M 13F 28.73 (1.4) BDS No
(2008) CHYA 5M 5F 29.50 (0.5) NA
McCabe & Hartman | CHOA 36 29.1(1.0) N-back (2) Yes
(2008) — Experiment | CHYOA 36 NA ’ NA
1 verbal
McCabe & Hartman | CHOA 36 29.1(1.0) Yes
(2008) — Experiment | CHYOA 36 NA N-back (3), NA
1 verbal
McCabe & Hartman | CHOA 36 29.2 (1.0) Yes
(2008) — Experiment | CHYOA 36 NA N-back (2) NA
2
McCabe & Hartman | CHOA 36 29.2 (1.0) Yes
(2008) — Experiment | CHYOA 36 NA N-back (3) NA
2
Vaugha.n et al (2008) | CHOA 58 >27 N-back (4) Yes
— Experiment 1 CHYOA 54 NA NA
Clarys et al (2009) CHOA 44 >27 Yes
' CHYA 44 NA N-back (2) 1 A
Daffner et al (2011) | CHOAh 6M/3F 29.1(0.9) Yes
CHOAI 2M/7F 29.1(0.9) Yes
CHYAh 5M/7F NA N-back (2) | yeq
CHYAI 3M/8F NA NA
Gamboz et al (2009) | CHOA 40 29.5(0.8) Reading span Yes
CHYA 40 NA NA
Rose et al (2009) CHOA 9M 15F 28.2 (1.2) Yes
CHYA 7M 17F NA LNS NA
Maquestiaux et al CHOA 3M 9F 29.2 (1.0) LNS Yes
(2010) CHYA 10M 10F UNK NA
Morrone et al (2010) | CHOA 12M 18F 29.5(0.62) LNS No
CHYA 10M 20F NA NA
Missonnier et al CHOA 10M 22F UNK N-back (3) Yes
(2011) CHYA 13M 19F UNK NA
Nagel et al (2011) CHOA 15M 15F >26 Yes
° CHYA 15M 15F NA N-back(3) 1 A
Albinet et al (2012) CHOA 17M 22F 28.4 (1.4) Random No
CHYA 11M 17F NA Number NA
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Generation,

Redundancy
Albinet et al (2012) CHOA 17M 22F 28.4 (1.4) Spatial running | Yes
CHYA 11M 17F NA span task NA
Albinet et al (2012) | CHOA 17M 22F 28.4 (1.4) Verbal running | Yes
CHYA 11M 17F NA span task NA
Boucard et al (2012) | acCHOA 7M 8F 29.2 (0.8) Yes
seCHOA 7M 8F 28.9 (1.0) Yes
acCHYOA 7M 8F 29.1 (0.8) Yes
seCHYOA7M 8F | 29.1(1.0) N-back(2) |y
acCHYA 15M 17F NA NA
seCHYA 15M 16F NA NA
Boucard et al (2012) | acCHOA 7M 8F 29.2 (0.8) Yes
seCHOA 7M 8F 28.9 (1.0) Yes
acCHYOA 7M 8F 29.1(0.8) Spatial Running | Yes
seCHYOA 7M 8F 29.1(1.0) Span Yes
acCHYA 15M 17F NA NA
seCHYA 15M 16F NA NA
Boucard et al (2012) | acCHOA 7M 8F 29.2 (0.8) Yes
seCHOA 7M 8F 28.9 (1.0) Yes
acCHYOA 7M 8F 29.1(0.8) Verbal Running | Yes
seCHYOA 7M 8F 29.1(1.0) Span Yes
acCHYA 15M 17F NA NA
seCHYA 15M 16F NA NA
Lagué-Beauvais et al | CHOA 3M 16F 29.00 (1.15) LNS No
(2013) CHYA 8M 13F NA NA
Amer & Hasher CHOA 9M 23F 29.19 (1.15) Yes
N-back (1)
(2014) CHYA 11M 21F NA NA
Ford et al (2014) — CHOA 10M 22F 29.3(0.13) BDS No
Experiment 1 CHYA 10M 22F NA NA
Ford et al (2014)— | CHOA 8M 24F 29.0 (0.20) 8DS No
Experiment 2 CHYA 11M 21F NA NA
Pettigrew & Martin | CHOA 60 28.8(1.1) BDS Yes
(2014) CHYA 102 NA NA
Pettigrew & Martin CHOA 60 28.8 (1.1) . Yes
(2014) CHYA 102 NA Operation span | \
Schroeder (2014) CHOA 18M 24F 28.45 (1.48) Alpha span Yes
CHYA 17M 25F 29.05 (1.50) NA
Schroeder (2014) CHOA 18M 24F 28.45 (1.48) 8DS No
CHYA 17M 25F 29.05 (1.50) NA
Tournier et al (2014) | CHOA 31 28.93 (1.06) Operation Span No
CHYA 30 NA NA
Lagué-Beauvais et al | CHOA 6M 13F 28.26 (0.93) LNS Yes
(2015) CHYA 7M 9F NA NA
Sylvain-Roy et al CHOA 28M 46F 29.0(1.1) Keep-track Yes
(2015) CHYA 33M 42F NA NA
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Sylvain-Roy et al CHOA 28M 46F 29.0(1.1) Letter updating No
(2015) CHYA 33M 42F NA NA
Sylvain-Roy et al CHOA 28M 46F 29.0 (1.1) Tone- Yes
(2015) CHYA 33M 42F NA monitoring NA
Sylvain-Roy et al CHOA 28M 46F 29.0 (1.1) Reading span Yes
(2015) CHYA 33M 42F NA NA
Berger et al (2017) | CHOA 7M 18F 29.20 (0.91) N-back (1) Yes
CHYA 8M 17F NA NA
Berger et al (2017) | CHOA 7M 18F 29.20 (0.91) N-back (2) Yes
CHYA 8M 17F NA NA
MCI and AD studies
Perry & Hodges AD 12 26.2 (1.6) BDS No
(2000) CHOA 20 29.0 (1.0) NA
Perry et al (2000) mAD 14 20.4 (2.0) No
miAD 13 26.08 (1.6) BDS No
CHOA 30 29.4 (0.8) NA
Calderon et al (2001) | AD 6M 3F 21.4 (2.2) Yes
CHOA 7M 10F 28.8 (1.0) BDS NA
(DLB 8M 2F) [20.0 (3.1)] (Yes)
Belleville et al (2003) | AD 6M 17F 22.57 (UNK) Yes
CHOA 4M 19F UNK Alphabet span | No
CHOY 7M 8F NA NA
Lambon Ralph et al sevAD 8 6.9 (UNK) Yes
(2003) moAD 8 14.9 (UNK) Yes
mAD 22 21.4 (UNK) BDS Yes
MCI 17 26.9 (UNK) No
CHOA UNK 28.7 (UNK) NA
Grundman et al moAD 83M 100F 19.9 (3.5) UNK
(2004) mAD 67M 55F 23.3(2.4) 8DS UNK
MCl 417M 352F 27.3(1.9) No
CHOA 43M 63F 29.1(1.3) NA
Griffith et al (2006) | MCI 13M 36F 28.42 (1.64) NS Yes
CHOA 14M 35F 29.12 (1.22) NA
Kramer et al (2006) | AD 33 25.2 (1.3) No
aMCl 22 28.5(1.5) BDS No
CHOA 35 29.5(0.8) NA
Lopez et al (2006) mixMCl 13M 15F 3MSE 88.2 (7.3) Yes
aMCl 6M 4F 92.6 (6.2) BDS No
CHOA 142M 232F 96.0(12.3) NA
Belleville et al (2007) | AD 19 24.65 (3.60) Yes
CHOA 29 in total 28.74 (0.93) Alphabet span NA
MCI 28 28.36 (1.98) Yes/No
CHOA 29 in total 28.88 (0.99) NA
Bisiacchi et al (2008) | AD 8M 12F 20.79 (1.92) Yes
— Experiment 2 aMCl 6M 8F 25.71 (1.59) BDS No
CHOA 5M 9F 27.80(1.57) NA
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Bélanger & Belleville | AD 8 23.5(4.0) Yes
(2009) MCI 18 27.3(1.8) BDS Yes
CHOA 16 29.2 (0.9) No
CHYA 20 NA NA
Borkowska et al MCI 9M 21F 25.3(0.9) Yes
(2009) CHOA 9M 21F 29.5(1.9) N-back (1) NA
(D 9M 21F) [29.1 (1.3)] (Yes)
Mandzia et al (2009) | MCI 7M 7F 27.7 (1.1) 8DS No
CHOA 7M 7F 28.6 (1.1) NA
Schmitter- MCI 12M 14F 27.38 (1.77) No
Edgecombe & CHOA 12M 14F 28.8 (1.22) LNS NA
Sanders (2009)
Zhou & Jia (2009) MCI/AD 12M 18F | 26.2 (1.1) No
MCI/SVD 36M 20F | 26.7 (2.2) BDS Yes
CHOA 45M 35F 28.8(1.1) NA
Chang et al (2010) MCI LEF 137M 58F | 26.98 (1.68) Yes
MCI HEF 96M 67F 27.35(1.75) BDS Yes
CHOA 115M 107F 29.12 (0.99) NA
Grénholm-Nyman et | AD 3M 6F 25.3(3.2) Yes
al (2010) MCI 6M 7F 27.5 (1.5) BDS Yes
CHOA 3M 9F 29.1(0.7) NA
Hutchison et al mAD 32 28.22 (UNK) BDS Yes
(2010) CHOA 64 29.19 (UNK) NA
Muangpaisan et al MCI 12M 14F 26.5 (1.6) BDS Yes
(2010) CHOA 12M 14F 28.1(1.8) NA
Pa et al (2010) AD 6M 4F 26.0 (3.1) Yes
MCI 30M 27F 28.4 (1.5) Yes
CHOA 20M 20F 29.8 (0.5) NA
(ALS 5M 1F [29.2 (2.0) BDS (No
CBD 4M 8F 27.3(2.0) Yes
FTD 17M 4F 26.1(4.4) Yes
SD 9M 5F) 23.5(6.2)] Yes)
Sinai et al (2010) MCl-able 6M 10F | 28.4 (0.4) No
MCl-cue 3M 2F 26.2 (0.8) LNS No
MCl-unable 2M 4F | 25.17 (0.8) No
CHOA 5M 12F 28.6 (0.4) NA
Tse et al (2010) AD 74 26.58 (2.78) Yes
CHOA 246 28.99 (1.36) BDS NA
CHYA 32 NA NA
Ahn et al (2011) AD 52M 118F 19.3 (5.0) Yes
aMCl 47M 52F 26.2 (2.5) BDS Yes
CHOA 56M 86F 28.7 (1.5) NA
Gagnon & Belleville | AD 16 23.94 (2.29) Yes
(2011) aMCl 13 and 27.95 (1.50) 0 . No
md aMCl 7 peration Span
CHOA 20 28.80 (1.06) NA
Kessels et al (2011) AD 10M 15F 21.1(2.3) BDS Yes
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MCI 14M 11F 24.9 (2.9) Yes
CHOA 13M 12F 28.2 (1.5) NA
Kessels et al (2011) | AD 10M 15F 21.1(2.3) Yes
MCI 14M 11F 24.9 (2.9) LNS Yes
CHOA 13M 12F 28.2 (1.5) NA
Apostolova et al AD 16M 27F 22.2 (4.9) Yes
(2012) aMCl 22M 11F 27.8(2.3) BDS No
CHOA 25M 21F 29.5 (0.6) NA
Guerdoux et al AD 7M 10F 24.0(1.9) Yes
(2012) — Experiment | aMCl 10M 7F 27.5(1.6) BDS No
2 CHOA 11M 6F 28.4 (1.3) NA
Johns et al (2012) aMCl 18M 22F 28.1(1.4) LNS Yes
CHOA 13M 19F 28.9 (1.1) NA
Sung et al (2012) MCI 16 124.87 (3.40) BDS Yes
CHOA 16 126.45 (2.11) NA
Sung et al (2012) MCI 16 124.87 (3.40) Word backward | Yes
CHOA 16 126.45 (2.11) span NA
Zheng et al (2012) | aMCI 14M 20F 28.3(1.5) eep track Yes
CHOA 18M 18F 29.5(0.7) NA
Zheng et al (2012) | aMCI 14M 20F 28.3(1.5) N-back (2) Yes
CHOA 18M 18F 29.5(0.7) NA
Bastug et al (2013) AD 30 224.4 (UNK) No
aMClI 30 226 (UNK) BDS No
CHOA 25 228 (UNK) NA
Doi et al (2013) LS aMCI 37 27.0 (1.9) Yes
ES aMClI 34 26.6 (1.9) BDS No
CHOA 29 27.6 (2.0) NA
Chen et al (2013) AD 88M 38F 20.2 (3.6) Yes
aMCI 82M 38F 26.6 (1.4) BDS No
CHOA 68M 32F 28.4 (1.7) NA
Crawford et al AD 18 20.9 (4.3) Yes
(2013) CHOA 18 29.2 (1.1) BDS NA
(PD 25) [28.8 (1.2)] (No)
Guild et al (2014) sd aMCl 2M 12F 28.14 (1.46) 8DS No
CHOA 22M 26F 28.88 (1.36) NA
Zheng et al (2014) aMCl 16M 34F 27.9 (1.5) Keep track Yes
CHOA 19M 29F 29.5(0.7) NA
El Haj, Largi, et al AD 8M 23F 21.68 (1.87) N-back (2) No
(2015) CHOA 10M 23F 28.00 (1.52) NA
El Haj, Antoine, & AD 8M 16F 21.83 (1.52) Yes
S N-back (2)
Kapogiannis (2015) | CHOA 9M 17F 28.31 (1.28) NA
Kessels et al (2015) AD 6M 8F 19.00 (3.3) Yes
MCl 6M 5F 26.7 (1.0) BDS Yes
CHOA 9M 16F 29.4 (0.8) NA
Kessels et al (2015) AD 6M 8F 19.00 (3.3) Backward Yes
MCI 6M 5F 26.7 (1.0) Spatial Span No
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CHOA 9M 16F 29.4 (0.8) NA
Smits et al (2015) AD 101M 98F 22.0(4.0) Yes
CHOA 49M 63F 28.0 (1.0) NA
(VaD 6M 4F [25.0 (4.0) 8DS (Yes
DLB 26M OF 23.0(3.0) Yes
bvFTD 14M 6F 26.0 (3.0) No
IVFTD 12M 3F) 24.0 (3.0)] No)
Aurtenetxe et al MCI 11M 9F 28.3 (1.7) BDS Yes
(2016) CHOA 8M 12F 29.4(0.7) NA
Mudar et al (2016) | aMCl 9M 16F 28.4 (1.3) 8DS No
CHOA 9M 16F 28.6 (0.5) NA
Pitarque et al (2016) | AD 7M 23F 20.53 (0.67) Yes
aMCI 10M 20F 24.83 (0.82) BDS Yes
CHOA 7M 23F 28.40 (0.28) NA
CHYA 14M 28F NA NA
Redondo et al (2016) | AD 16M 6F 23.71 (4.25) Yes
CHOA 11M 12F 28.12 (1.61) N-back (2) NA
(DB 12M 8F) [26.57 (1.95)] (No)
Redondo et al (2016) | AD 16M 6F 23.71 (4.25) Yes
N-back (3),
CHOA 11M 12F 28.12 (1.61) NA
(DB 12M 8F) [26.57 (1.95)] verbal (Yes)
Liao et al (2017) aMCl 28M 33F 26.3(2.8) No
CHOA 27M 38F 28.4 (1.4) BDS NA
(D 20M 41F) [27.8 (1.6)] (No)
Emrani et al (2018) aMCl 15 26.73 (2.21) Yes
mixMCl 18 26.44 (1.58) BDS Yes
CHOA 33 27.69 (1.75) NA
Matias-Guiu et al AD 7M 12F 24.26 (4.33) No
(2018) CHOA 9M 10F 29.16 (1.21) 8DS NA
(bvFTD 9M 10F [24.00 (4.79) (No
ALS 8M 11F) 28.00 (1.63)] No)
Cervera-Crespo et al | moAD 8M 8F 22.46 (1.06) Yes
(2019) mAD 7M 8F 23.81(0.91) Alpha span Yes
CHOA 8M 8F 28.66 (2.49) NA
Garcia-Alvarez etal | AD 27M 30F 21.21 (4.28) Yes
(2019) MCI 27M 21F 25.96 (2.03) BDS Yes
CHOA 49M 75F 28.49 (1.40) NA
Garcia-Alvarezetal | AD 27M 30F 21.21 (4.28) Yes
(2019) MCI 27M 21F 25.96 (2.03) LNS Yes
CHOA 49M 75F 28.49 (1.40) NA
Garcia-Alvarez etal | AD 27M 30F 21.21 (4.28) Yes
(2019) MCI 27M 21F 25.96 (2.03) N-back (1) Yes
CHOA 49M 75F 28.49 (1.40) NA
Ferreira et al (2019) | moAD 11 19.00 (UNK) Yes
mAD 22 22.50 (UNK) 8DS Yes
CHOA 56 29.00 (UNK) NA
(D 19) [29.00 (UNK)] (Yes)
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ES - early stage, h - high, LS - late stage, | - low, p - progressive, sev - severe, s - stable.

The n-back task (Jaeggi et al., 2010; Kirchner, 1958) was reviewed to be most frequently
used to assess updating performance between young and older adults. Used 34% with
various span lengths from 1- to 4-back, with 2-back being the commonest. Performance
deficits were reported in all. While the backward digit span (BDS) task (Egeland, 2015; P. T.
Griffin & Heffernan, 1983; Wechsler, 2012) was regularly employed in the examination of
MCI participants, in 79% (32) of the studies, and AD participants, 78% (25) of the studies. 16
of which examined both of the latt

er participant groups. Updating deficits were reported in 56% (18) of these studies assessing
MCI participants. Although two studies which subdivided their MCI participants reported
deficits in one of the subtypes but not the other (Doi et al., 2013; Lopez et al., 2006; Zhou &
Jia, 2009). Performance deficits were reported in 80% (20) of these AD participant studies.
One study however, did not assess their AD groups (mild and moderate) with the BDS task,

only their MCI participants (Grundman et al., 2004).

2.5. Tasks
While the tasks listed in the above sections were employed in their assessment of the
specific EF, differences in their demand, sensitivity, outcome measure and stimuli were

observed. This section will briefly discuss these factors.

2.5.1 Stimuli
The type of stimuli used in a task may affect the power in detecting differences, i.e. age

effects, in the investigated EF ability.

With the employment of the backward spatial span (Wechsler, 1987), Kessels et al (2015)
reported updating deficits only in their AD participants, but with the backward digit span
they reported deficits in both the MCl and AD participants. This result was also reported
during assessment with the forward spatial span (Wechsler, 1987) and forward digit span
(Wechsler, 2012). Thus, the difference in findings on the same group of MCI participants can
only be attributed to the stimulus difference, i.e. numerical versus spatial. It was concluded

that the spatial test of WM load was limited and less vulnerable to subtle impairments.
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Therefore, suggesting that the modality, type and/or nature of the stimuli used by a task
may account for performance differences in research, and as such should be considered
during task selection. Though, the overall task may further differ in other parameters as

well.

2.5.2 Demand

The cognitive demand of a task which relates to the different cognitive processes and/or
functions embedded may further contribute to how well a participant performs. In that a
simple task may require a small number of cognitive processes, whereas complex tasks may
require several. Though task demands may not be clearly defined, as a task that appears
easy to perform may in fact be more difficulty than it seems and vice versa. Therefore,
researchers may choose or modified tasks to reduce or increase performance difficulty in

their participants.

An example of this is observed in the inhibition studies reviewed where several researchers
used the Victoria version (Spreen & Strauss, 1998) of the Stroop task (Stroop, 1935) in the
assessment of the pathological impaired. This is a briefer and seemingly easier task to
perform than the traditional Stroop and was observed to produce no performance deficits
in all the MCI participant groups that completed it. However, with the traditional Stroop,
performance deficits were reported in the majority of the studies that assessed MCI

participants. Thus, this may indicate variance in task performance due to demand.

Further, modified versions of the traditional task were also used by other researchers. This
included Maquestiaux et al (2010) with the inclusion of a fourth task where participants
shifted between identifying the colour of the ink and reading the word aloud, Sylvain-Roy et
al (2015) where each of three standard task conditions was presented randomly, and a
nonverbal computerised Stroop task by Pettigrew & Martin (2014) using the position and
direction of an arrow as the stimuli, in the cognitive ageing studies. Whilst in the
pathological studies, Amieva et al (2004) modified the task by having two Stroop types - an
Interference and Reverse Stroop, Duong et al (2006) and Nordlund et al (2005) used pictures
as a stimuli, Kaufmann et al (2008) employed a numerical Stroop, and Zamarian, Semenza,

et al (2007) a math Stroop. Although the tasks were modified to change the task demand,
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performance deficits were reported in all the CH older adults and cognitively impaired

participants recruited in these studies.

Another example is the adapted stop-signal task Logan et al (1984) employed by Albinet et
al (2012) where the stop signals were placed 20%, 40%, 60%, 80%, and 100% following the
presentation of a visual stimulus. Gamboz et al (2009) also adapted this task (Williams et al.,
1999). The presentation of the stop signal was based on a tracking system which involved
the increase presentation frequency of the stop signal (harder to inhibit) or decrease (easier

to inhibit) based upon the participant correctly stopping during the previous stop signal trial.

Additionally, to examine shifting ability in the cognitively impaired population numerous
researchers used a simpler shortened modified version of the Wisconsin card sorting task
(WSCT) (Berg, 1948; Nelson, 1976). Hartman et al (2001) simplified the task by utilising
visual cues to remind the participant of the identity and outcome of the prior sort, resulting
in a less demanding version. Thus, the demand of EF tasks may be revised for a desired
outcome or to reduce the possibility of floor (too difficult) or ceiling (too easy) effects in the

group being assessed.

In sum, the heterogeneity of task demands across studies could mean a fair comparison of
the performance outcomes may not be made due to the different or additional cognitive
processes required for their completion, particularly if task cost measures are not

calculated.

2.5.3 Sensitivity

The sensitivity of tasks refers to how well its findings detects an effect based on the effect
size! or statistical power? of the research conducted. Of the 183 studies reviewed, only a
limited number reported these values, although they can be manually calculated by readers.
Effect sizes were reported in sixty-five studies (Aisenberg et al., 2015; Albinet et al., 2012;
Amer & Hasher, 2014; Audiffren et al., 2009; Aurtenetxe et al., 2016; Ballesteros et al., 2013;
Bélanger et al., 2010; Bélanger & Belleville, 2009; Belleville et al., 2008; Bherer et al., 2006;

Bisiacchi et al., 2008; Borella et al., 2017; Boucard et al., 2012; Cervera-Crespo et al., 2019;

1 The strength of the relationship between two variables in a population.
2 The probability of the null hypothesis being correctly rejected when it is false.
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Y. L. Chang et al., 2010; Dupart et al., 2018; Ebert & Anderson, 2009; Emrani et al., 2018;
Endrass et al., 2012; Ferreira et al., 2019; Ford et al., 2014; Gagnon & Belleville, 2011;
Guerdoux et al., 2012; Guild et al., 2014; Hillman et al., 2006; Huang et al., 2017; Huff et al.,
2015; Isaacowitz et al., 2006; Jaeggi et al., 2010; Johns et al., 2012; Kaschel et al., 2009;
Kaufmann et al., 2008; Lagué-Beauvais et al., 2015; Lagué-Beauvais, Brunet, et al., 2013;
Langenecker et al., 2004, 2007; Logie et al., 2004; Lopez et al., 2006; Martyr et al., 2017; J.
McCabe & Hartman, 2003, 2008; Nagel et al., 2011; Nordlund et al., 2005; Pereiro et al.,
2014; Pettigrew & Martin, 2014; S. E. Price et al., 2010; Puente et al., 2014; Redondo et al.,
2016; Ren et al., 2018; Rhodes & Kelley, 2005; Rose et al., 2009; Schmitter-Edgecombe &
Sanders, 2009; Schroeder, 2014; Sinai et al., 2010; Strobach et al., 2012b; Sung et al., 2012;
Sylvain-Roy et al., 2015; Tournier et al., 2014; Tse et al., 2010; Vallesi et al., 2010; Vaughan
et al., 2008; Z. Wang & Su, 2013; Waring et al., 2019; Zheng et al., 2012; Zhou & Jia, 2009),
36%, and statistical power calculated in three studies (Clarys et al., 2009; Strobach et al.,

2012b; Waring et al., 2019), 2%, to determine a sufficient sample number.

Another important aspect of task sensitivity is the power of EF tasks in assessing their
intended cognitive process. Several studies in this review were observed to have employed
multiple tasks to assess the same EF on the same group of participants. A proportion
reported converging results between two or more tasks, leading the reader to assume these
tasks seem to measure the same process with the same power. These studies included for
the ageing studies, Berger et al (2017), Chee et al (2006), Crawford et al (2017), Ford et al
(2014), Gutchess et al (2005), Hsieh et al (2012) , Mayas et al (2012), McCabe & Hartman
(2008), Rhodes & Kelley (2005), Vallesi et al (2010), and Waring et al (2019), and the
pathological studies, Ahn et al (2011), Bastug et al (2013), Baudic et al (2006), Chen et al
(2013), Clarys et al (2002), Collette et al (2002), Crawford et al (2005), Belleville et al (2007),
Belleville et al (2008), Garcia-Alvarez et al (2019), Guild et al (2014), Johns et al (2012),
Matias-Guiu et al (2018), Peltsch et al (2014), Perry et al (2000), Redondo et al (2016),
Schmitter-Edgecombe & Sanders (2009), Sinai et al (2010), Stricker et al (2013), Traykov et al
(2002), Tse et al (2010), Zhang et al (2007), and Zheng et al (2014).

However, and of particular interest were the studies that reported conflicting findings with
two or more tasks. Observed in the ageing studies, Albinet et al (2012), Andrés et al (2008),
Boucard et al (2012), Kawai et al (2012), Kessels et al (2011), Kessels et al (2015), Kubo-
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Kawai & Kawai (2010), Pettigrew & Martin (2014), Schroeder (2014), Sylvain-Roy et al
(2015), and Wang & Su (2013), and in the pathological impaired studies, Aurtenetxe et al
(2016), Bélanger & Belleville (2009), Belleville et al (2007), Duong et al (2006), Dwolatzky et
al (2003), Huang et al (2017), Nordlund et al (2005), Pa et al (2010), S. E. Price et al (2010),
Silveri et al (2007), Sinai et al (2010), Sung et al (2012), Traykov et al (2007), Zheng et al
(2012).

Two of these cognitive ageing studies, Albinet et al (2012) and Boucard et al (2012), both
employed three tasks to assess each of their EF assessments. Albinet et al (2012) examined
updating ability between CH young and older adults with the random number generation
(Baddeley, 1998), spatial running span (Albinet et al., 2012; Boucard et al., 2012; Morris &
Jones, 1990), and verbal running span tasks (Albinet et al., 2012; Boucard et al., 2012;
Morris & Jones, 1990). Reporting no age effects with the random number generation only.
Boucard et al (2012) assessed shifting ability between CH young, middle-aged, and older
adults with the digit number-letter task (Rogers & Monsell, 1995), dimension-switching task
(Albinet et al., 2012; Monsell & Mizon, 2006; Rogers & Monsell, 1995), and plus-minus task
(Jersild, 1927; Miyake, Friedman, et al., 2000; Spector & Biederman, 1976). Finding no age
effect with the plus-minus task in the middle-aged and older adult groups only. Thus, these
findings may suggest that the tasks which did not detect significant decline of their intended

EF ability were not sensitive enough as two of three tasks did.

Similarly, in the pathological impairment studies, Silveri et al (2007) assessed shifting ability
with the part B of the TMT, visual elevator task (Robertson et al., 2001), and WCST on CH
older adults, aMCI, non aMCI, and mixed MCI participants. Reporting performance deficits in
the mixed MCI group with all the tasks but only in the aMCI group with the visual elevator
task. This may indicate that the visual elevator task used an additional cognitive process
which had declined in aMCl was not detected by the other two, highlighting the issue of task

purity.

While systematic variation of tasks may also account for how well a task detects an affect.
Such that easy tasks will probably not detect a decline, resulting in a ceiling effect. Whereas
a hard task may detect a false effect, in that it is too hard to complete, causing a floor effect.
For example, Pettigrew & Martin (2014) employed four tasks to assess inhibitory ability

between young and older adults, the flanker task (Eriksen & Eriken, 1974), Stroop task, a

Page 81 of 359



nonverbal Stroop task, and the picture-word interference task. Reporting no age effects
with the picture-word interference task only, where a near ceiling effect seemed to have
occurred in the accuracy performance, a 97.8% average was shown. The highest accuracy
rate from all the tasks used. RT was marginal. Thus, it would seem that the picture-word
interference task should not be employed when assessing inhibition for age effects, as these
results suggest it is easy to complete. Nevertheless, this was the only study found to have

employed this task between young and older adults, so this may not be true.

To conclude, these findings highlight the importance of carefully selecting tasks and strongly
suggest that the application of more than one or two tasks in the assessment of an EF is
advantageous to confidently assess an ability, as the absence of an effect on a specific task
cannot be taken to indicate the cognitive domain is unimpaired. Although it is important to
note that tasks assessing the same cognitive domain may report differently due to variations

in their cognitive requirements.

2.5.4 Outcome measure

Many of the EF tasks employed by the studies reviewed compared performance between
two task conditions, such as congruent versus incongruent, reporting the task cost, ratio, or
some other measure. However, not all researchers use this type of relative cost measure,
possibly because this was not their intended outcome measure. Instead, for instance some
studies only reported findings from one half of a task, such as part B of the Hayling sentence
completion test (HSCT) (Burgess & Shallice, 1997) or the TMT. Though this latter outcome
measure assesses the intended EF ability of the mentioned tasks, it does not take into
consideration the overlapping supplementary cognitive abilities used in both parts of the
task which are eliminated by using the cost measure. For example, if participants spent
longer completing part B, they may have also spend longer completing part A, suggesting no
significant difference in the cost measure. Therefore, significance in part B of a task may be
present between age groups but not in the cost measure. This is observed in the
Damoiseaux et al (2008) study who reported the outcome measure for parts A and B of the
TMT separately, indicating significance in both. However, comparable performance was

reported in the ratio measure, TMT part B/TMT part A.
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Therefore, one should be mindful when analysing and comparing study outcomes, as the
reporting of age-related performance deficits is dependent on the outcome measure being

employed.

2.6. Conclusion

The multitude of tasks utilised in these studies was evaluated, with a discussion on the
factors which should be considered when examining EFs including stimuli, task demand, task
sensitivity, outcome measure, as well as the number of tasks employed during EF
assessment. Furthermore, the sample size is especially important, particularly when

considering the power of a study, as is the participant group.

The tasks observed to be most frequently employed in the cognitive ageing studies
reviewed for DT ability was the PRP paradigm, for inhibition ability the Stroop task, for
shifting ability the TMT, and for updating the n-back task. In the cognitively impaired
participant studies, DT was frequently evaluated with the (Baddeley’s) digit recall and
tracking, and Della Sala DT, inhibition ability with the Stroop task, shifting ability with the
TMT, and updating with the BDS.

While the findings from the MCI and the AD studies are fascinating, they are not directly
relevant to the current study, because an originally planned behavioural study on these
participants was not successfully completed due to the restrictions on face-to-face research

imposed by the COVID-19 lockdown.
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Chapter 3, Executive Function Abilities in Cognitively Healthy Young
and Older Adults, a Cross-Sectional and Trajectory of Decline Study

3.1 Introduction

Cognitive decline is a well-known concept of the healthy ageing process, which may
adversely affect our cognitive abilities (Cabeza et al., 2009; Craik & Salthouse, 2008;
Salthouse, 2009, 2012). It depends on many variables including diet, well-being, educational
attainment, and physical health which contribute to the neural, psychophysiological, and
anatomical process of ageing (Friedman et al., 2008; Haier et al., 2003; MacPherson et al.,
2019). The commonest complaint amongst older adults is memory problems (N. D.
Anderson & Craik, 2017; Gazzaley et al., 2007; Nyberg et al., 2012; Radvansky & Radvansky,
2018; Salthouse, 2003b; Tromp et al., 2015), as well as reduced mental speed (Bashore et
al., 1989; Godefroy et al., 2010; Salthouse, 1976, 2019; Wecker et al., 2000) in comparison
to their younger counterparts (Cabeza et al., 2005; Cadar, 2018; Deary et al., 2009; Grady,
2012; Hedden & Gabrieli, 2004).

Numerous executive function (EF) studies with cognitive healthy (CH) older adults have
suggested many cognitive domains remain functional, although when compared to younger
adults there are considerable differences in the performance of such tasks (Burda et al.,
2017; de Frias et al., 2006; J. E. Fisk & Sharp, 2004; Reynolds & Horton Jr, 2008; Tucker-Drob
& Salthouse, 2008; Wecker et al., 2000). Older individuals are more susceptible to the
effects of distracting interference during the performance of cognitive tasks which is
attributed to reduced attentional control (Borella et al., 2011; Burda et al., 2017; Coubard et

al., 2011; Fountain-Zaragoza et al., 2018; Sylvain-Roy et al., 2015; Tsang, 2013).

A few hypotheses have been proposed to describe these age-associated differences. For
example, the processing-speed theory was proposed by Salthouse (1996) to explain the
generic slowing of cognitive processing. It suggested that the decline in processing speed
results in cognitive functioning impairments due to the limited time mechanism and the
simultaneity mechanism (see Chapter 1 for details). The limited time mechanism occurs
because pertinent cognitive actions are performed at too slow a speed, so are not

successfully completed in the available time. While the simultaneity mechanism is assumed
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to operate as a result of a reduction in the amount of simultaneously available information

required for the processing of higher-level processes due to the decrease in processing rate.

Another theory, the executive attention framework (Engle, 2002; Engle & Kane, 2004),
states that older individuals cannot effectively maintain cognitive control with active tasks in
difficult settings with high task interference. While the strategy-deficit hypothesis (Bailey et
al., 2009) suggests that due to advanced age, older individuals are ineffective or deficient in
their use of strategies for performing tasks, and the prefrontal-executive hypothesis by
West (1996) associates the structural changes that occur in the prefrontal cortex (PFC) with
age as the cause of EF decline. Thus, cognitive ageing can be viewed as a heterogeneous
process. However, its transition to pathological impairment is not well understood so a
better grasp of ‘normal’ cognitive ageing is required (Massaldjieva, 2018). Age-related
decline in the EFs dual-tasking, inhibition, shifting and updating are of particular importance
as they are frequently recruited in everyday activities and deemed to be the key EFs
(Baddeley, 1996; Miyake, Friedman, et al., 2000). They will be discussed in the following
paragraphs.

Dual-tasking, has been shown to have age-related impairment (Craik, 1977; Craik et al.,
1996; Fraser & Bherer, 2013; Hartley et al., 1999; McDowd & Craik, 1988; Verhaeghen et al.,
2003; Verhaeghen & Cerella, 2002; Wright, 1981). Older adults are reported to be able to
complete such tasks but at a slower rate (Verhaeghen & Cerella, 2002). Typically, dual-
tasking is assessed by the difference in response time (RT) and errors produced between the
single-task (ST) and dual-task (DT) conditions, which is referred to as DT cost. Thus, several
studies have described higher costs in older adults in comparison to younger individuals
(Craik, 1977; Craik & Salthouse, 2008; Crossley & Hiscock, 1992; Hartley, 2001; Hartley et al.,
1999; McDowd & Craik, 1988; Naveh-Benjamin et al., 2005; Salthouse et al., 1984;
Verhaeghen et al., 2003; Wright, 1981). That is, the older individuals generally made much
more errors and generated even longer RTs during the DT condition in comparison to the ST
condition than younger individuals. This could be indicative of a reduction in processing
resources as dual-tasking creates more competition for limited resources, such as attention,
than ST situations. Bier et al (2017) and Sebastian & Mediavilla (2017) found that their older
participants were incapable of controlling their attention, concluding it to be the significant

factor for the age-related difference in DT cost. Other researchers have suggested that there
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is no age-associated decline in dual-tasking (M. Anderson et al., 2011; Argiris et al., 2019;
Logie et al., 2004). However, overwhelming evidence confirms that decline in (divided)
attention is the prominent factor affecting older adults in completing DTs, although the

effect seems moderate.

In terms of inhibition, older individuals seem to be less proficient at efficiently suppressing
irrelevant thoughts and actions which is believed to be linked to decreased attentional
control (Adolfsdéttir et al., 2017; Borella et al., 2008; Wecker et al., 2000; Zuber et al.,
2019). This has been theorised as the inhibition-deficit hypothesis (Hasher & Zacks, 1988;
Lustig et al., 2007), which implies that older individuals possess less inhibitory control than
younger individuals and is the cause of age-associated deficits observed in several cognitive
tasks, such as working memory (WM) (Hasher et al., 2008). However, a meta-analysis
performed by Rey-Mermet & Gade (2018) suggested otherwise. Differences in inhibitory
decline were observed with the utilisation of different tasks. For instance, no age-related
deficit was reported with the Stroop, flanker, and local tasks, but were with the go/no-go
and stop-signal tasks. While results were inconclusive for the Simon, global-local, and the
positive and negative compatibility tasks. Due to these inconsistences, it is unclear whether
older individuals are indeed less effective in inhibiting unwanted resources. However, it may
be a mild occurrence in that only certain tasks are able to highlight the issue, or that
“inhibition” is not one unitary concept but has different aspects, e.g. response inhibition vs

perceptual inhibition, and that only some of those aspects are affected.

Similar to inhibition, it is unclear if the ability to maintain and coordinate two alternating
task sets, i.e. shifting or switching, is affected by ageing. Verhaeghen & Cerella (2002)
determined in their meta-analysis that it did not show a specific age-related deficit. A
conclusion which was also reported by another researcher (Zuber et al., 2019). Nonetheless,
in another meta-analysis by Wasylyshyn et al (2011) and a paper by Verhaeghen (2011), a
deficit in shifting was reported for the global shift cost only, which is the difference in shift
RTs from shift blocks and a repetition blocks. Local shift costs described as the differences in
RTs between non-shift and shifting trials within mixed blocks were considered comparable
for young and old. However, local shift costs are typically referred to as the better measure
of shift costs, thus it can be concluded that no deficit was observed. Adélfsdottir et al (2017)

also reported shifting costs in their longitudinal study but they failed to indicate their type
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and acknowledged that they did not analyse the error rate effects. As presented in Chapter
2, the task employed can affect the result observed, i.e. the level of impairment may differ.
Wecker et al (2005) reported differences in the nature and size of age-related shifting
decline with the use of three tasks, the trail making test (TMT), verbal fluency test and
design fluency test, which require verbal and nonverbal cognitive shifting. Therefore, it is
uncertain as to whether ageing does affect shifting and/or if the sensitivity of the task

employed determines the level of questionable decline observed in this population.

The process of updating WM has been reported to undergo moderate decline with age
(Zuber et al., 2019). With the use of a letter span task, Linden et al (1994) observed that
with low memory load demands older participants were comparable to younger individuals
in their performance. However, as the span list increased, older participants’ updating
capability decreased. A finding that was confirmed by Artuso et al (2017). In addition, a
steady decline in WM ability has been observed from young to older adults in a study
utilising backward span task (BDS) (Grégoire & Van der Linden, 1997). In line with this, De
Beni & Palladino (2004) also reported older individuals had more difficulty in recalling spans.
In regards to span tasks, it seems a decline in updating ability is attributed to an increase in
intrusion errors, caused by a failure to eliminate previously activated irrelevant information
in older adults (De Beni & Palladino, 2004; Palladino & De Beni, 1999). Age-related decline
with the use of another updating task has also been observed. In a meta-analysis by Bopp &
Verhaeghen (2018) assessing ageing with the use of the n-back task, it was seen that older
individuals performed worse with longer lists, particularly over the 1-back condition of the
task. Accordingly, these studies prove that updating is affected by the ageing process, in

comparison to the other EFs discussed.

Having discussed these four EFs individually, it can be concluded that they all appear to be
affected by the ageing process to a varying degree. However, it is unknown whether they
are affected in the same way, or if some are more affected than others, which is of great
importance to this research. Thus, the individual rate of decline of the four EFs due to

healthy ageing will be explored.

In a confirmatory factor analysis (CFA) study by Miyake et al, (2000) that investigated the
loadings of the 4 EFs, using task performance measures, on a generic EF factor, it was

reported that inhibition, shifting and updating loaded similarly and thus may share an
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underlaying factor, while DT loaded uniquely from the three. Nevertheless, this finding was
demonstrated in young adults. In the older generations, the loading correlations have been
found to differ (Bettcher et al., 2016; Bock et al., 2019; Glisky et al., 2020; Hedden & Yoon,
2006; Hull et al., 2008; Vaughan & Giovanello, 2010). In the Glisky et al, (2020) study,
updating and inhibition were reported to load similarly, whereas shifting loaded on its own
individual rate. The loadings were stronger with advance age, indicating an age effect. (DT
was not assessed.) These finding suggest EFs decline at diverse rates, though some may
possess comparable rates. Consequently, in this study, the influence of regular normal

ageing on the cognitive decline of the four EFs was investigated.

CH young and older adults completed two separate tasks for each EF in a cross-sectional
study. A repeated-measures design was conducted to allow a comparison between the four
EF measures and the two age groups to determine how ageing affects the four EFs by
comparing the performance outputs. This also allowed for analysis of rate of decline of the

individual EFs.

It was theorised that this older population would perform less efficiently and present with
an overall increase in error rates while demonstrating poorer RTs than the young adult
group. Hence, higher RT and error rate costs would be observed. Furthermore, in the
assessment of these four EFs, | propose that updating will be most affected by the ageing
process based on the above discussion, followed by inhibition, then dual-tasking, and finally

shifting.

3.2 Methods

3.2.1 Participants

A total of 32 (7M/25F) young adult participants were initially recruited into the study, three
(2M/1F) withdrew after the first (screening) session and two (2F) after the second. The data
of one female participant (aged 47) was withdrawn due to being an age outlier. The data for
the two individuals who completed only two of the three sessions was used in the study
Thus, 26 participants (5M/21F) were aged 18 to 33 years (mean of 21.18, SD 4.43)

completed all study sessions.
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For the older adults, one female (aged 53) was withdrawn as an age outlier, thus 25 older
adult participants (11M/14F), aged 60 to 84 years (mean of 71.56, SD 6.63), where recruited

into the study. There were no withdrawals.

All had normal or corrected to normal vision and hearing.

3.2.2 Procedure

The young adult participants were recruited through poster and online advertisement at
Brunel University London, and the older adults through poster placement in the Brunel
Older People's Reference Group (BORG) newsletter, in and around the campus of Brunel
University. As well as through online advertisement at Brunel University London, by handing

out of leaflets to the public, and word of mouth.

Individuals were provided with the participant information sheet (PIS) for their review prior
to the first screening session. Once agreement to participate was confirmed, the participant
completed the online study recruitment questionnaire to determine study participation
suitability in their own time prior to any study session. Data collected included demographic
information, level of education, profession, medical history of severe auditory or visual
abnormalities, psychiatric, neurological, or systemic diseases which could cause cognitive
impairments. In addition, severe physical disability, a history of epilepsy or other conditions
that may cause uncontrolled movements or tremours were all considered exclusion criteria.

Once accepted for participation, all individuals were invited to the screening visit.

Participants completed three sessions, screening and two EF visits, each lasting
approximately 60 minutes in duration. With the older adults, most study visits took place at
the participant’s home. With the remaining participants, sessions were completed at Brunel
University London’s Uxbridge campus or at a local library or facility of the participant’s
choice. Once written informed consent was obtained all the screening assessments were
completed. The participants completed the tests, the geriatric anxiety scale (GAS), geriatric
depression scale (GDS) (Yesavage et al., 1983), activities of daily living scale (ADL)
instrumental activities of daily living scale (IADL), and the spot-the-word test online via a

Qualtrics link. As well as the Hopkins verbal learning test (HVLT) (Brandt, 1991) in person.
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In the first EF session, the assessments were completed in the following order: test for
everyday attention (TEA) DT telephone code search subtest, computerised task switching
test, backward digit recall span (BDS), and the Hayling sentence completion test (HSCT). In
the second EF session, the assessments were completed in the following order: trail making
test (TMT), computerised n-back, Stroop task, and the computerised psychological
refractory period (PRP) paradigm task. All the computerised tasks except the BDS and
Stroop task, included a practice run prior to beginning the actual study task. All assessments

are described in detail below.

Participants completed the sessions in the same order as outlined above. However, due to

computer issues, two older participants did not follow this order.

Following completion of all study sessions, all participants were presented with the study
debrief form and compensated with either 12 course credits or a £20 Amazon voucher for

the young adults, or a £21 Amazon voucher for the older adults, as compensation.

All study documents, including the PIS, study consent form and debrief sheet can be viewed
in the Appendix (2, 3, and 4, respectively). This study was approved by Brunel University’s

Life Sciences Ethics Committee.

3.2.3 Screening Assessments
The following tests measured the cognitive function and premorbid intelligence level of the

participants during the screening session (Session 1):

Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2005)

The MoCA is a pen-and-paper screening instrument used to detect cognitive decline and
takes approximately 10 minutes to administer. It consists of eight domains:
visuospatial/executive function, naming, memory, attention, language, abstraction, delayed
recall, and orientation. Participants were assessed in an interview type setting with an
examiner (all assessments were conducted by Mojitola Idowu). Scores range from 0 to 30
and are based on accuracy performance. Scores greater than 25 suggest normal cognition,
20 to 25 mild cognitive impairment (MCl), 19 to 14 early-stage dementia, and below 14

indicate dementia.
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Mini-Mental State Examination (MMSE) (Folstein et al., 1975)

The MMSE tool is a pen-and-paper screening instrument used to detect cognitive decline
and takes approximately 10 minutes to administer. It is a simple test of cognitive function
and is based on a total possible score of 30 points. It is divided into six domains: orientation,
concentration, attention, verbal memory, naming, and visuospatial skills. A score of 28-30
suggest normal cognition, 25-27 MCI, 19-24 mild dementia, 10-18 moderate dementia, 0-9

indicates severe dementia.

Geriatric Anxiety Scale (GAS) (Segal et al., 2010)

The GAS is a self-report anxiety measure specifically developed for use with older adults and
takes approximately 5-10 minutes to complete. It consists of 30 items of which 25 items
represent three common domains of anxiety symptoms among older adults (cognitive,
somatic, and affective) and the last 5 items represent common content areas of worry.
There are approximately 8 to 9 items for each domain. Participants are required to indicate
how often they have experienced each symptom within the last week and including the
current day of the assessment using the 4-point Likert scale ranging from 0 (not at all) to 3
(all of the time). Higher scores indicate higher levels of anxiety. Scores are generated from
the 25 items of the three common domains only, obtained by summing the point values
assigned to each response. The additional 5 are for clinical use only. Thus, scores can range
from O for no anxiety to 75 for severe anxiety. This test was completed online via a Qualtrics

link.

Geriatric Depression Scale (GDS) (Yesavage et al., 1983)

The GDS is a self-report measure consisting of 30 yes/no response questions designed
specifically for assessing depression in older adults. It takes approximately 5 — 10 minutes to
complete. Scores are generated from the summation of the first 25 items, where responses
are designated either a ‘0’ or ‘1’. Higher total scores indicate a higher level of depression.
The remaining 5 items are for clinical use. The following cut-off points are used to
determine depression level: 0-9 normal range; 10-19 declares mild depression; 20-30,

moderate to severe depression. This test was completed online via a Qualtrics link.
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Activities of daily living scale (ADL) (Lawton et al., 1969)

The ADL is a 6-item test assesses an individual’s present level of functional ability on a
series of basic activities performed daily required for independent living at home and/or in
the community. These functions include personal, self-care, domestic and general home
maintenance activities in and around the home. Scores are out of 6, with 6 representing the
best level of independence. It takes approximately 2-5 minutes to complete. This test was

completed online via a Qualtrics link.

Instrumental activities of daily living scale (IADL) (Lawton et al., 1969)

The IADL is an 8-item test that assesses slightly more complex skills not fundamental to life
than the ADL, however aid in an individual's ability to live independently in a community.
These skills include managing finances, handling transportation, shopping, preparing meals,
using the telephone or other communication devices, managing medications, doing laundry,
housework, and basic home maintenance. Scores are out of 8, with 8 representing the best
level of ability. It takes approximately 2-5 minutes to complete. This test was completed

online via a Qualtrics link.

Spot-the-word test (Baddeley et al., 1993)

This test is used to estimate premorbid intelligence which takes approximately 10 minutes
to complete. It involves presenting the participants with pairs of items comprising one
actual word and one non-word (e.g. lentil or glotex) and requiring the participant to identify
the actual word. The participant’s number of correctly identified true words was recorded

out of a total of 60. This test was completed online via a Qualtrics link.

Hopkins Verbal Learning Test (HVLT) (Brandt, 1991)

The pen-and-paper HVLT is a brief measure of verbal memory which takes approximately 10
minutes to administer. In part A, the immediate recall section, participants are read a list of
12 words composed of four words from 3 semantic categories (e.g. ‘precious stones -
emerald’; ‘human shelter - hotel’; ‘animals - tiger’) aloud and asked to recall as many as they
can by the examiner. This is repeated three times. An average score is derived from the total
of the 3 free recall trials (‘Total recall’). Part B, delayed recall section, involved the

recognition of words from part A, where a single list of 24 words was read aloud by the
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examiner and participants were asked to identify which of these words were included in the
original list of 12 by responding with ‘yes’ or ‘no’. This was performed once. Correctly
identified words were recorded as true positives. The list also contained 6 distractors from
the same semantic categories (related false positives or FP-related) and 6 unrelated
distractors (unrelated false positives or FP-unrelated). The Discrimination index (true

positives - false positives) was calculated.

3.2.4 Executive Function Assessments
Each EF was assessed with two individual tasks to examine the cognitive ability of the

participants in dual-tasking, inhibition, shifting and updating.

3.2.4.1 Dual-Tasking

Pen-and-paper based modified test for everyday attention (TEA) DT telephone code search
subtest (Robertson et al., 1994)

The TEA telephone search test assesses divided attention. Participants were required to
undertake a visual search for several occurrences of a specific telephone area code with a
corresponding symbol in a fictional telephone directory consisting of several telephone area
codes with corresponding symbol combinations, as seen in Figure 3.1. At the same time,
participants were additionally required to count the number of low tones they heard in a
series of randomly mixed low and high tones played aloud by a computer or laptop in the
background. They were given 2 minutes to complete this. The participant’s count of area
code/symbol and low tone audio number were recorded. There were 17 target phone

numbers in the list, and 10 low tones.

1)5Y42//7 ™ (UlU/5)41/480 14 (U1421) 221285 ™ (U1lU
1)434848 €9 (01421) 761249 & (01075) 174296 M (014
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Figure 3.1. Test for everyday attention (TEA) telephone code search. This task involves participants
search for a particular symbol/telephone area code combination from a list of various
symbol/telephone area code combinations.

The older adult participants performed both tasks individually as ST prior to undertaking the
DT condition. Hence, they counted a series of auditory tones being played in the background
as a ST and searched for a specific area code with a corresponding symbol in a fictional

telephone directory, as another ST. The correct auditory number was 4 and count was 7.

The accuracy rate of the responses was recorded. Please note, the value for participants
who guessed greater than the actual number of auditory or code count was modified by
subtracting the error rate, i.e. the overestimate, from the value guessed. For example, for
24, that was 24-17 = 7, then an (7/17 =) 41.18% error rate and (100-41.18=) 58.88%

accuracy rate.

Psychological Refractory Period paradigm task (PRP) (Pashler, 1984)

The PRP task was ran in Presentation (version 18.1.06.09.15, www.neurobs.com).
Participants were required to give two responses (R1 and R2) to two stimuli (S1 and S2),
auditory and visual, separately as STs and concurrently as DTs in separate blocks. Each block

was cued at the start, so participants were aware of which trial to perform.

Single-tasks

In the auditory, A, ST, participants were required to discriminate between high and low
tones during 2 blocks of 25 trials. Each tone sequence was played on the background of a
black computer screen for 300ms. The QWERTY keyboard ‘Z’ and ‘X’ keys represented ‘low’
and ‘high’ frequency tones, respectively. Similarly, in the visual, V, ST, participants are
required to discriminate between the numerical values ‘1’ or ‘2’ during 2 blocks of 25 trials.
The keys ‘N’ and ‘M’ represented ‘1’ and ‘2’, respectively. Each presentation occurs on a
black computer screen for 300ms. In both cases, the participant was required to respond
within 9000ms otherwise an error was recorded. The overall task duration was dependent
on the response speed of the participant. Performance was assessed by the average RTs and

error rates produced for each ST.

Dual-tasks
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In the DT condition of the PRP task, participants were required to complete 2 blocks of 25
trials at two stimulus onset asynchrony (SOA), Oms and 1000ms, as shown in Figure 3.2a,
where the auditory stimulus, S1, was always presented before the visual stimulus, S2, as

seen in Figure 3.2b.

Task 1: St » R1
SOA
Task 2: —~—A— S2 > Ri1

Figure 3.2a. The Stimulus Onset Asynchrony (SOA). Participants are required to perform two
successively presented stimuli (S1 and S2) at different SOA with two different responses (R1 and R2).
The SOA can be short, i.e. Oms, or long, i.e. 1000ms (Aschersleben & Muesseler, 2008).

In both cases, participants were required to respond to the auditory stimulus first then the
visual stimulus within a 9000ms otherwise an error is recorded. Each stimulus was
presented on a black screen. The overall task duration was dependent on the response
speed of the participant. Performance was assessed by the average response times (RTs)
and error rates produced for each DT condition, i.e. SOA O0ms and SOA 1000ms. DT cost [DT

minus ST performance] was also calculated for the RTs and error rates at SOA Oms.

S1 — Audio task (A) S2 —Visual task (V)

1

High Frequency t h en

Figure 3.2b. The Psychological Refractory Period (PRP) paradigm task. In the task, two stimuli are
presented during the DT condition, where the auditory stimulus is always presented first.

3.2.4.2 Inhibition

Stroop task (Golden, 1978)

The pen-and-paper Stroop task was administered to measure the participants susceptibility
to Stroop interference, and took approximately 5 minutes to complete. This task consisted
of three parts, each having 100 items organised in five columns of 20. Part 1, word reading
(W), had the words RED, GREEN, and BLUE printed in black ink, randomly arranged. No

word followed itself within a column. Part 2, colour naming (C), had items written as XXXX in
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the colours green, blue, and red, i.e. XXXX, XXXX and XXXX, randomly arranged. No colour
followed itself or matched the corresponding item. Part 3, naming of the incongruent colour
of the ink of the word presented, colour-word (CW), consisted of the words in part 1 printed
in the colour of the items in part 2 for all 100 items, i.e. RED, GREEN, or BLUE, randomly
arranged. This section assessed the inhibition ability of the participant to inhibit the word
presented as reading is an automated process whilst colour naming is not. Participants were
given 45 seconds for each part and instructed to read the words, name the colours, and
name the ink colour of the printed words, respectively, as quickly and as accurately as
possible. The number of correctly read words or colours out of 100 was recorded for each

section, i.e. W, Cand CW.

In addition, following completion on the task, the predicted CW, which is based on the
individual’s performance in the W and C sections, denoted as CW’, was calculated using the
formula indicated, (W x C) / (W + C). Inhibition ability is based on the interference score,

calculated with the formula stated, CW — CW'.

Hayling sentence completion test (HSCT) (Burgess & Shallice, 1997)

Participants were required to provide either the expected word or an unrelated word to
complete a high cloze sentence. The test consisted of two parts, each with a set of 15
sentences with the last word missing; for example, ‘The captain wanted to stay with the
sinking...”. In Part 1, participants had to produce a word that best finished each sentence
(Initiation condition), e.g. “ship”. In Part 2, participants had to complete each sentence by
inhibiting an impulse to give the word that best completed the sentence by instead giving an
unconnected word (Inhibition condition), e.g. “colour”. A prerecording of all the sentences
was played to the participants and paused whilst they were being audio recorded for their
verbal answers to be collected. Immediately after a participant gave a response, the next
sentence was played. The overall task duration was dependent on the speed of the
participant in producing a word for all the sentences but was usually between 7- and 10-
min. Performance was measured by the total time taken to produce the words in both parts,
and the incorrectness of the words to the sentences in part 2. Furthermore, the task
generates its own derived performance score by adding the scaled score of the RTs of the

two sections, and the errors produced in the incongruent section, part A scaled score + part

Page 96 of 359



A scaled score + part B errors scaled score. Part B errors were scored as ‘any category A

(connected, related word) errors’ + ‘any category B (unconnected, unrelated word) errors’.

3.2.4.3 Shifting

Task switching test (Rogers & Monsell, 1995)

In this computerised task, ran in Presentation software (version 18.1.06.09.15,
www.neurobs.com), participants were required to perform two test conditions, a repetition,
and a shifting, where the stimulus, a ‘1’ or ‘2’ printed in the colours blue or yellow were
presented. In the repetition condition, participants had to complete 4 blocks of 30 trials.
Two separate cued blocks were performed, numerical and colour. In the cued numerical
block (they performed 2 blocks of this), the participants had to response with either a ‘1’ or
‘2’, and in the cued colour block (they performed 2 blocks of this), with either ‘blue’ or
‘vellow’, as seen in Table 3.1, below. The QWERTY keyboard ‘Z’ key represented ‘1’ and
‘blue’ and ‘M’, 2’ and ‘yellow’. Instructions were displayed on the screen at the start of each
block until the participant started the task. The stimuli were presented on a black screen for
300ms until the participants responded or timeout after 9000ms from stimulus onset,

where an error was recorded.

Table 3.1. The task switching test conditions

Stimuli
Cue 1 2
Number 1 1 2 2
Colour Blue Yellow Blue Yellow

In the task switching condition, the two repetition conditions were mixed and presented
randomly within a trial. Participants were cued as to which task to perform next, e.g.
number or colour. There were 30 mixed trials per block and 4 blocks of the switching task.
Each stimulus was presented on a black screen for 300ms until the participants responded /

timed out, otherwise an error was recorded.

The repetition and switching blocks were presented in a pseudo-randomised order in the

test. The overall task duration was dependent on the response speed of the participant.
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Performance was assessed by the average RTs and error rates produced during the
repetition and switching conditions. The shifting cost was then determined using the
formula ‘shifting — repetition’ for both the RT and error rate, where smaller values represent
better shifting performance. The local shift (difference between shifting and non-shifting
trials within a shifting block), global shift (difference between the combined shifting trials
and the pure repetition trials), and mixing task cost (difference between the repetition trials
within the pure repetition trials and within the combined shifting and repetition blocks)

were assessed.

Trail making test (TMT) Parts A and B (Reitan, 1992)

The pen-and-paper TMT for cognitive flexibility encompassed two parts, A and B, consisting
of 25 small open circles randomly distributed over a sheet of paper. In TMT part A, the
circles are numbered 1-25, and the participant is asked to draw lines to connect them in
ascending order as quickly as possible. In TMT part B, the circles include both numbers (1-
13) and letters (A—-L). The participant has to draw lines to connect the circles in ascending
order as quickly as possible while alternating between the numbers and letters (i.e. 1, A, 2,
B, etc). The completion time and the number of errors were recorded. Data from this task
were excluded when participants made more than 2 mistakes in either part. The overall task
duration was dependent on the completion times of both parts by the participant. The
shifting cost was then determined using the formula ‘switching (TMT part B) - repetition
(TMT part A)’ for the RT, where smaller values represent better shifting performance.
Similarly for error rates, 2 errors were equated to an error rate of 100% in each part, hence

the error rate cost was also determined.

3.2.4.4 Updating

N-Back test (Kirchner, 1958)

In this computerised spatial task, ran in Presentation software (version 18.1.06.09.15,
www.neurobs.com), participants were instructed to select the position of the stimulus, a
yellow circle, presented to them on a black computer screen. The task involved 4 conditions
where the participant must respond with the position of the yellow circle seen at N screen
to the present screen. The N positions used in this research were 0 (the present screen), 1-,

2-, and 3-back screens prior, as seen in the Figure 3.3. Participants were instructed to select
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the corresponding QWERTY keyboard button they thought was the position of the circle, i.e.
‘V’ for the first (left-most) position, ‘B’ for the second, ‘N’ for the third and ‘M’ for the

fourth.

Target (circle) were presented on a black computer screen for 2000ms or until the

participants responded, otherwise it was recorded as an error. There were 5 blocks for each
n-back condition, i.e. 20 blocks in total. One block consisted of 16 trials, so in total 320 trials
(i.e. 20 x 16). Conditions were always presented in the fixed order, blocks 1-5: 0-back, blocks
6-10: 1-back, blocks 11-15: 2-back, and blocks 16-20: 3-back. Instructions were presented on
the screen at the start of each block until the participant started the task. Thus, a trial took a

maximum of 2750ms in the case of time-out, or shorter if responded before the time-out.

Performance was assessed by the average RTs and error rates produced during each n-back
condition. Analysis was then conducted by comparing the n-back conditions among each

other,e.g.0vs1,0vs 2,0vs 3,1 vs 2, etc, with the RTs and error rates.

u-- s 3 - back

Time ..-n — 1 - back
Stimuli
presented ' —) .n.. 0 - back

at Oms

Figure 3.3. The N-Back test. In this spatial n-back test, the participant is required to indicate at what
position on the screen the yellow circle appears by selecting an appropriate button on the keyboard.
In the 0-back condition, the position at t = O0ms is recorded for all trials within the block. In the 1-back,
the participant must respond to the circle’s position on the previous screen, in the 2-back, its position
two screens before, and in the 3-back, three screens prior.

Backward digit recall span (BDS) (Baddeley & Hitch, 1974)

In the pen-and-paper BDS, participants are required to recall a list of numbers in reverse
order immediately following presentation from a pre-recording on a computer or laptop.
The examiner paused the recording after each list to allow the participant to respond. The
minimum length of the list is 2 and maximum 8, and there are two trials per length. The

longest correct list of numbers the participant can recall backward once is recorded as a

measure of their working memory capability. Performance assessment is determined by
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scoring ‘1’ for each correctly recalled length, thus ranging 1 to 14, e.g. if all trials are

performed correctly then the score would be ‘14’ for 2 trials for all 7 lengths.

3.2.5 Statistical Analysis

The data was assessed by using the Statistical Package for Social Sciences (SPSS), version
26.0.0.0 (IBM SPSS Statistics, IBM Corp, Armonk, NY). Participants were excluded from
analysis on each task if they performed above or below 3 standard deviations (SDs) from the
rest of the groups’ mean performance. Additionally, participants who produced an error
rate of 60% or greater in either condition of the TEA test and/or 50% or greater in either

task condition of the PRP tasks were removed from analysis.

Descriptive data and the study behavioural data were collected. Performance analysis in
each age group was performed separately (please refer to the Supplementary chapter for
more detail on the analysis of the young adults). Paired-samples t-tests, and one-way
repeated measures analysis of variance (ANOVA) were used to test whether congruent and

incongruent conditions differed significantly from each other.

In comparing performance between young and older adults, chi-squared, x?, tests were used
to assess gender and handedness. For all other task measures, analysis was first conducted
using multivariate analysis of variance (MANOVA) on all task conditions collectively, where
the interaction value was focused on as it revealed any performance differences.

Independent t-test was then conducted on individual task conditions.

The cost measures were primarily used for this cross-sectional analysis of the EF tasks as it
eliminates unwanted cognitive and nonexecutive processes by analysing the difference
between congruent and incongruent, or simple and complex task conditions of the same EF.
Examples of such measures include the DT costs (DT minus ST condition measures),
inhibition costs (incongruent minus congruent), shifting costs (shifting minus repetition
condition measures) (Wylie & Allport, 2000), updating cost (3-back minus 0-back) or
equivalent. Some derived test scores were also assessed where applicable. The significant

effects for the tests were reported at p < 0.05, unless stated otherwise.

The p-value used in the n-back pairwise comparison analysis was Bonferroni corrected due

to the numerous pairwise assessments conducted to reveal the new (corrected) alpha level
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needed to be passed, i.e. 6 (number of comparisons). It was calculated using an online
calculator, https://www.easycalculation.com/statistics/bonferroni-correction-

calculator.php.

To determine the trajectory of cognitive decline of the four EFs, the z-scores of both groups’
outcome measures were calculated and compared with the use of paired-samples and

independent t-tests.

The effect size, Cohen’s d, and partial eta squared, ,?, of the EF costs and/or equivalent t-
tests were also collected to assess the strength of the difference between the young and
older adults. Cohen’s d was calculated with the use of an online calculator
(https://www.easycalculation.com/statistics/effect-size-t-test.php), and ,? calculated
within SPSS. For the trajectory analysis of the z-scores, the effect size, e,
(https://www.easycalculation.com/statistics/effect-size-t-test.php) was used. The effects
were classified as small, if less than or equal to 0.2, moderate, if above 0.2 and less than or
equal to 0.5, large, if above 0.5, and less than or equal to 0.8, and very large if greater than

0.8 (J. Cohen, 1988).

3.3 Results
3.3.1 Demographics and Screening data
The groups’ demographic data and the descriptive summary of the results can be seen in

Table 3.2.

Table 3.2. Demographic Data and results of the screening tests of the Young and Older Adult

Participants

Characteristic Young Adults Older Adults Young vs Old,
(Mean/SD) (Mean/SD) p-value

Age (years) 21.18 (4.43) 71.56 (6.63) < 0.001°

Gender (M/F) 5/23 11/14 0.038°

Education, years 14.46 (1.32) 14.68* (2.08) 0.425®

Handedness (L/R) 2/26 2/23 0.906°

g(?r'n:\:::ia; State 28.46 (1.29) 28.64 (1.52) 0.6512
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Montreal Cognitive 26.71 (2.27) 26.80 (2.00) 0.885°
Assessment

Geriatric Anxiety Scale 19.75 (9.99) 7.12 (5.49) <0.001°
Geriatric Depression 12.32 (3.40) 17.92 (1.47) <0.001°
Scale

Activities of daily living 6.00 (0.00) 5.80 (0.41) 0.0122
scale

Instrumental activities of 7.18 (1.28) 7.92 (0.28) 0.006°
daily living scale

Hopkins Verbal Learning .
Tost, PartA 7.38 (1.63) 7.47 (1.62) 0.849
Hopkins Verbal Learning 11.07 (1.18) 10.28 (1.43) 0.032
Test, Part B

Hopkins Verbal Learning 18.45 (2.23) 17.75 (2.73) 0.306°
Test, Discrimination index

Spot-the-word test 28.96 (3.11) 28.68 (1.25) 0.6712

*n = 24 as one individual’s educational level was unknown, ? Independent t-test, t(51), ® Chi-squared
test x3(1), n=53.

The older adult group consisted of less female participants, 56%, in comparison to in the
young adult group with 88%, x?(1) = 4.28, p = 0.038. A comparable level of education was
observed in the groups, t(50) =-0.80, p = 0.425. Similarly, there was no difference in the
cognitive status between the groups, the MMSE score, t(51) =-0.45, p = 0.651, or the MoCA
score, t(51) =-0.15, p = 0.885.

Differences were reported in the quality-of-life assessments, ADL and IADL. The ADL test
reported the young adults were better at completing everyday self-care tasks, such as
bathing, dressing, and eating, t(51) = 2.60, p = 0.012. Whereas for more complex daily tasks,
including cooking, shopping, laundry, and housework, assessed with the IADL test, the older
participants were better, t(51) = -2.84, IADL, p = 0.006. Nonetheless, these differences

should not greatly affect the cognitive function required of them in completing this study.

In the evaluation of both groups’ anxiety and depression level, the GAS and GDS were
employed. The GAS (0 to 75 scale range) revealed that young adults showed significantly
more anxiety than the older adults, t(51) =5.61, p < 0.001, however both had fairly low

mean levels. The GDS (0 to 30 scale range) suggested a moderate level depression in the
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older participants, t(51) =-7.62, p < 0.001. Thus, significant differences were attained for
both measures between the groups. Nevertheless, no participant was reported to been
clinically diagnosed (e.g. by a medical profession) with anxiety or depression. Furthermore,
participants regularly complained about some of the questions asked in both assessments,
as they did not apply to them, i.e. concerning children and/or spouse, as well as the limited
response choice of the GDS of ‘yes’ and ‘no’, as they would have preferred more choices,

such as ‘sometimes’.

Verbal learning and memory were examined with the Hopkins verbal learning test. In part A,
the free recall section, performance was comparable between the groups, t(51) =-0.19, p =
0.849, but not in part B, the recognition section, p = 0.032, [t(51) = 2.20]. The young
participants were better at remembering the words that had been presented to them in
part A. Paired-samples t-test between part A and B performance showed significance in
both groups. In the young, t(27) =-10.97, p < 0.001, and in the old, t(24) = 10.25, p < 0.001.
A 2 (young, old) x 2 (part A, part B) ANOVA indicated no main group effect between their
performances, F(1, 51) = 1.07, p = 0.306, 1,2 = 0.02. There was a main effect for the test
part, F(1, 51) = 218.07, p < 0.001, N,?= 0.81, and for the interaction, F(1,51)=3.97,p =

0.052, N,?=0.07, confirming a difference in the task performance between the groups.

Still, insignificant difference in their total scores of parts A and B, which represents the test
discrimination index, was observed, t(51) = 1.04, p = 0.306. In sum, the groups’ performed
similarly in part A, i.e. in immediate recall, however the older adults did not perform as well

in part B, delayed recall, as the younger group.

No difference was found in the estimated premorbid IQ assessment with the utilisation of

the spot-the-word test, t(51) = 0.43, p = 0.671.

In conclusion, all scores represented normal functional ability and within normal cognition
function ranges. The groups had fairly similar cognitive statuses as observed by the MMSE
and MoCA scores, and education level. Likewise, performance in the spot-the-word and
Hopkins verbal learning task parts were comparable. Although, there was a difference in the
level of anxiety and depression, and quality of life, particularly with the young adult’s lack of
independence in performing everyday tasks. Nonetheless, the groups’ cognitive ability was

deemed equivalent and ideal for the comparison study detailed here.
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3.3.2 Executive Function Abilities in Young and Older Adults, A Cross-sectional study

3.3.2.1 Dual-Tasking

The TEA telephone search subtest and PRP paradigm results can be viewed in Table 3.3

below.

Table 3.3. Dual-Tasking Results of the Young and Older Adult Participants

Task

Young Adults

Older Adults Young vs

Mean (SD)

old, p-

Mean (SD) value

Test for Everyday
Attention, telephone,
auditory ST, count
accuracy (%)

24

N/A

20

97.50 (7.69) -

Test for Everyday
Attention, telephone,
auditory DT, count
accuracy (%)

24

90.42 (13.34)

20

92.50 (11.18) 0.582

Test for Everyday
Attention, auditory DT
accuracy cost (%)

24

N/A

20

-5.00 (10.88) -

Test for Everyday
Attention, telephone
count ST, code count
accuracy (%)

24

N/A

20

71.43 (17.34) -

Test for Everyday
Attention, telephone
count DT, code count
accuracy (%)

24

79.17 (15.12)

20

75.88 (15.26) 0.479

Test for Everyday
Attention, telephone
count DT cost, count
accuracy (%)

24

N/A

20

4.45 (20.89) -

PRP paradigm,
auditory ST RT (ms)

24

616.97 (199.59)

22

657.28 (152.67) 0.449

PRP paradigm,
auditory ST error rate
(%)

24

7.33(7.91)

22

3.00 (5.94) 0.043

PRP paradigm,
auditory DT (SOA
Oms) RT1 (ms)

24

1079.62 (365.27)

22

1097.13 (287.27) 0.858

PRP paradigm,
auditory RT1 DT cost
(SOA Oms), RT (ms)

24

462.65 (323.27)

22

439.85 (245.96) 0.790

PRP paradigm,
auditory DT (SOA

24

10.75 (9.81)

22

3.91 (6.66) 0.009
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Oms) RT1 error rate
(%)

PRP paradigm,
auditory DT (SOA Oms
RT2) error rate cost
(%)

24

3.42 (6.92)

22

0.09 (3.53)

0.134

PRP paradigm, visual
ST RT (ms)

24

503.54 (109.17)

22

553.77 (59.37)

0.062

PRP paradigm, visual
ST error rate (%)

24

3.42 (4.55)

22

0.64 (1.14)

0.008

PRP paradigm, visual
DT (SOA Oms) RT2
(ms)

24

1312.99 (418.22)

22

1459.13 (311.22)

0.189

PRP paradigm, visual
RT2 DT cost (SOA
Oms), RT (ms)

24

809.45 (381.28)

22

905.37 (292.60)

0.347

PRP paradigm, visual
DT (SOA Oms) RT2
error rate (%)

24

7.75 (7.13)

22

2.36 (2.36)

0.002

PRP paradigm, visual
DT (SOA Oms) RT2,
error rate cost (%)

24

433 (5.71)

22

1.73 (2.41)

0.054

PRP paradigm, DT
(SOA Oms) RT2-RT1,
RT cost (ms)

24

233.37 (134.72)

22

362.00 (113.90)

0.001

PRP paradigm, DT
(SOA Oms) RT2-RT1,
error rate cost (%)

24

-0.03 (0.08)

22

-0.02 (0.06)

0.483

PRP paradigm, visual
DT RT2 (SOA 1000ms)
(ms)

24

743.43 (360.35)

22

726.62 (209.67)

0.849

PRP paradigm effect,
SOA 0 —1000ms,
visual task, RT2 (ms)

24

569.56 (254.83)

22

732.51 (250.94)

0.034

PRP paradigm, visual
DT RT2 (SOA 1000ms)
rate (%)

24

9.08 (11.25)

22

1.27 (2.10)

0.003

PRP paradigm effect,
SOA 0 —1000ms, RT2
error rate (%)

24

-1.33 (9.60)

22

1.09 (2.20)

0.254

PRP ANOVA, RT2, SOA
Oms, SOA 1000ms

<0.001

<0.001

0.486

PRP ANOVA, RT2,
error SOA Oms, SOA
1000ms

0.503

0.030

0.001

RT - Reaction time; SOA - Stimulus Onset Asynchrony.
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In the TEA telephone code search subtest, the young adult participants performed the tasks
as DT only, i.e. no ST condition of the auditory and telephone code count tasks were

completed, whereas the older adults completed the tasks as ST and DT.

Paired-samples t-tests between the ST and DT conditions in the auditory task was marginally
significant in the older adult’s performance t(19) = 2.06, p = 0.054, for accuracy (and error
rate). With the telephone code search task, no significance was observed, t(19) =0.95, p =
0.352. Therefore, the DT condition caused this group to produce more performance errors

during the completion of the auditory task.

A 2x2 ANOVA for the TEA DT [group (young, older adults) x task (auditory, code count)],
found no main group effect, F(1, 42) = 0.04, p = 0.835, ], = 0.00. A main effect for the TEA
task, F(1, 42) = 20.68, p < 0.001, ,?= 0.33 was revealed as participants performed better in
the auditory task. An insignificance for interaction F(1, 42) =0.77, p = 0.386, 1, = 0.02, was
observed. Thus, DT performance between the young and older group was comparable in

both TEA tests.

Independent t-tests confirmed this. During the auditory task, t(42) =-0.55, p = 0.582, d =
0.17, and the telephone code count task, t(42) =0.72, p = 0.479, d = 0.22. Interestingly, both
groups performed better, i.e. with more accuracy, in the auditory task in comparison to the
telephone search task. This was confirmed by a further paired-samples t-test between the
two tasks accuracy during DT performance. In the young adults, t(23) = 2.54, p = 0.018, and
the older adults, t(19) = 4.05, p = 0.001.

Please note, as only the older adult participants completed these two tasks as STs, the DT
cost was only obtained for that population. Nevertheless, since the performance in the
more difficult DT condition was comparable, thus it seems unlikely that a DT cost would

have revealed an age effect.
In the PRP paradigm, two DT conditions were assessed at SOAs of 0 and 1000ms.

To test whether there were significant age effects in the RT DT between the ST and DT
performance at SOA Oms where participants had to respond to RT1 before RT2, two 2x2
ANOVA [group (young, older adults) x task (ST, DT)] were calculated separately for RT1-

auditory and RT2-visual.
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For the RT1 costs, no main effect for the group was observed, F(1, 44) =0.19, p = 0.662, ,°

= 0.00. A main effect for the task condition was found, F(1, 44) = 111.96, p < 0.001, N =

0.72 as DT resulted in longer RTs in both groups. There was no interaction F(1, 44) =0.07, p

=0.790, Ny?=0.00. Similarly, for RT2, no main group effect was observed, F(1, 44) = 2.54, p =

0.118, N,?=0.06, but was for the task condition, F(1, 44) = 288.85, p < 0.001, 1,?= 0.87 for

the same reason as stated with the RT1. There was no interaction F(1, 44) = 0.90, p = 0.347,
p?=0.02.

With the RT1 mean error rate cots, a main group effect, F(1, 44) =6.79, p = 0.012, N,?=0.13,
and for the PRP task, F(1, 44) = 6.94, p = 0.012, ,?= 0.14, was shown, due to the older
adults producing less errors in both task conditions, as well as both groups producing more
errors during the DT. However, there was no significance for interaction F(1, 44) =2.33, p =
0.134, N,?=0.05. For the RT2, a main group effect was also shown, F(1, 44) =12.43,p =
0.001, N,?=0.22 with the older adults performing more accurately, and main effect for the
PRP task condition, F(1, 44) = 21.28, p < 0.001, N,?= 0.33, as DT resulted in an increased
proportion of errors. No significance for interaction F(1, 44) = 394, p = 0.054, 1,?= 0.08, was

found. Thus, the groups performed comparably in both tasks.

Paired-sampled t-test between ST and DT in the young adults for RT1 showed significance
for the RTs, t(23) =-7.01, p < 0.001, and error rates, t(23) =-2.42, p = 0.024, and for RT2,
t(23) =-10.40, p < 0.001, and error rates, t(23) = -3.72, p = 0.001, indicating overall
performance difference between the two task conditions. Whereas in the older adults,
significance was revealed in the RTs for RT1, t(21) =-8.39, p < 0.001, and RT2, t(21) =-14.51,
p < 0.001, and the RT2 error rates, t(21) = -3.36, p = 0.003, but not for RT1 error rates, t(21)
=-1.21, p=0.241.

Assessment between the DTs at SOA Oms with a 2x2 ANOVA [group (young, older adults) x
DT (RT1, RT2)] was conducted. For the mean RTs, no main group effect was observed, F(1,
44) = 0.64, p = 0.427, Ny? = 0.01 as the groups performed comparably. There was a main
effect for the task condition as the participants were explicitly instructed to respond first to
the RT1 before RT2, F(1, 44) = 259.48, p < 0.001, N,?= 0.86. A significance for interaction
F(1,44) =12.11, p = 0.001, N,? = 0.22, was found which revealed a difference in the RT costs
(RT2-RT1) between the groups. This was confirmed by an independent t-test, t(44) =-3.48, p
=0.001, d = 1.05, see Figure 3.4.
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Figure 3.4. Psychological Refractory Period (PRP) Paradigm, SOA Oms RT (RT2-RT1) cost group
comparison. This figure presents the difference in RT performance between the two DTs (RT2-RT1) at
SOA Oms, between the young adults (skewness 0.28, kurtosis -1.16), and older adult groups (skewness
0.36, kurtosis 1.09). The round black circle presents the groups means and the line is + the standard
deviation. The grey kernel density plot is the data frequency, i.e. the skewness of the data, where
wider areas represent a higher percentage of observations at a given value and the thinner areas,
lower percentages. The tails are the ends of the data distribution.

With the error rates, a main group effect was shown, F(1, 44) = 11.22, p = 0.002, 1’ = 0.20,
the older adults performed with better accuracy. There was also a main effect for DT, F(1,
44) =4.89, p = 0.032, Ny?= 0.10, as RT2 was performed with less errors. However, no
significance for interaction F(1, 44) = 0.50, p = 0.483, 1,?= 0.01 was observed.

The second DT ability was assessed at SOA 1000ms. Here only the visual stimuli, RT2, was
considered as it is presented at 1000ms (Pashler, 1994; Schubert & Szameitat, 2003;

Szameitat et al., 2011).

In comparing performance between the DTs at different SOAs, a 2x2 ANOVA [group (young,
older adults) x RT2 SOA (Oms, 1000ms) was completed. For the mean RTs, there was no
main group effect observed, F(1, 44) = 0.49, p = 0.486, I,°>= 0.01. However, there was for
the SOA, F(1, 44) = 304.07, p < 0.001, ,?= 0.87, as the SOA 1000ms was completed faster.
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Significance for interaction, F(1, 44) = 4.76, p = 0.034, ,’ = 0.10 was observed which
showed the PRP effect was different. Independent t-tests confirmed this difference in the RT
between the groups, t(44) =-2.18, p = 0.034, d = 0.66, see Figure 3.5. The older adults

produced a higher RT cost.

1500

1000

5001

FRP Effect KT cost (ms)

Young Older
Group

Figure 3.5. Psychological Refractory Period (PRP) Paradigm, PRP Effect RT group comparison. This figure
presents the difference in RT performance between the two DTs at SOA Oms and SOA 1000ms for
RT2, between the young adults (skewness -0.15, kurtosis 0.11), and older adult groups (skewness
1.12, kurtosis 3.78).

With the error rate, no main group effect, F(1, 44) = 0.27, p = 0.608, 1,° = 0.01, SOA task
effect, F(1, 44) = 0.01, p = 0.908, ,?= 0.00, or for interaction F(1, 44) = 1.34, p = 0.254, Ny’

= 0.03 were observed. Thus, there was a comparable error rate cost generated by the PRP

effect in the groups.

To conclude, in the assessment of DT ability, an age-associated effect was observed with the
PRP task in the RT DT SOA Oms (RT2-RT1) cost, and effect RT PRP effect (RT2 SOA 0 —
1000ms) measures but not with the DT cost comparing ST and DT for RT1 or RT2. Accuracy
performance was comparable between the groups for all these analyses. Similarly, no age

effect was found with the accuracy performance in the TEA DT.
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3.3.2.2 Inhibition

The HSCT and Stroop task results can be viewed in Table 3.4 below.

Table 3.4. Inhibition Results of the Young and Older Adult Participants

Young Adults Older Adults Young

Task vs Old,

n Mean (SD) n Mean (SD) p-value
Hayling sentence
completion test, Part A | 26 22.27 (8.22) 23 19.00 (3.37) 0.082
RT (s)
Hayling sentence
completion test, Part A | 26 4.73 (1.08) 23 5.35(0.71) 0.024
RT completion score
Hayling sentence
completion test, PartB | 26 29.04 (18.53) 23 47.30 (21.79) 0.003
RT (s)
Hayling sentence
completion test, PartB | 26 5.92 (0.84) 23 5.22 (0.90) 0.007
RT score
Hayling sentence
completion test, 26 6.77 (17.80) 23 28.30(21.10) <0.001
inhibition RT cost (s)
Hayling sentence
completion test, Part C, | 26 6.00 (1.98) 23 5.48 (2.04) 0.369
Error score
Hayling sentence
completion test, overall | 26 5.38 (1.36) 23 5.00 (1.41) 0.337
score
igg)‘)p' Word (no. outof | , o 93.19 (10.00) 25|  90.24 (13.74) 0.383
Stroop, Colour {no. out ), - 71.54 (13.97) 25|  65.44 (11.29) 0.093
of 100)
Stroop, Colour-Word
(no. out of 100) 26 47.04 (10.92) 25 32.28 (10.01) <0.001
Stroop, Colour-Word’
(no. out of 100) 26 39.69 (5.39) 25 37.80 (5.69) 0.228
Stroop, CW-W 26 -46.15 (14.71) 25| -57.96(11.81) 0.003
Stroop, CW-C 26 -24.50 (14.19) 25 -33.16 (9.15) 0.013
Stroop, ANOVA - <0.001° - <0.001° 0.003°
Stroop, Interference - 6.92 (10.48) - -5.60 (7.71) <0.001

- one-way repeated measures, ® - two-way repeated measures.
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Please note in addition to the outliers, one young and one older adult participant were
removed from analysis due to audio recording issues. The test score for part A of the HSCT
suggested both groups performed ‘moderately average’, while in part B the young adults
were deemed ‘average’ indicating they performed better in this inhibition section of the test
for some unknown reason. The older adults were classified as ‘moderately average’ in both
task parts. A 2x2 ANOVA [group (young, older adults) x HSCT part (part A, part B)] was
conducted. A main group effect, F(1, 47) = 5.33, p = 0.025, ,°= 0.10, a main effect for the
HSCT part, F(1, 47) = 39.83, p <0.001, 1,?= 0.46, and for interaction F(1, 47) = 15.01, p <
0.001, Ny? = 0.24, were observed. The significant of the interaction shows that the costs of

the two parts differed between the groups.

Independent t-test analysis between the groups in part A showed there to be no difference
in their RTs, t(47) = 1.78, p = 0.082, but in part B, a substantial difference was seen with the
mean RTs, t(47) =-3.17, p = 0.003. Thus, confirming the significance of the MANOVA

analysis, and the better performance of the young adults.

A paired-samples t-test between the RT cost of the two parts in the young adults showed an
insignificant difference in performance, t(25) = -1.94, p = 0.064, but significance in the older
adults, t(22) =-6.43, p < 0.001, indicating that the older adults were affected more by the
inhibition condition of the task. Thus, comparison of the RT inhibition cost between the

groups was statistically significant, t(47) =-3.88, p < 0.001, d = 1.13, see Figure 3.6.
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Figure 3.6. Hayling sentence completion test (HSCT) RT cost group comparison. This figure presents the
RT (s) difference between non-inhibitory (part A) and the inhibition section (part B) of the test for the
young adults (skewness 1.25, kurtosis 1.07), and older adult groups (skewness -0.30, kurtosis -1.22).

The error rate for part B performance in the young adult group was classified as ‘moderately
average’, and ‘average’ for the older adult group. Though, an insignificant difference was

observed between the groups’ performance, t(47) = 0.91, p = 0.369.

Inhibitory ability was further assessed with the utilisation of the Stroop task. A one-way
repeated measures ANOVA [conditions (C, W, CW)] comparing performance across the
three task sections revealed significance in their performance, F(2, 50) = 124.78, p < 0.001,

»>=0.83, in the young, and F(2, 48) = 378.55, p < 0.001, 1,>=0.94, in the old.

A two-way repeated measures ANOVA [group (young, older adults) x conditions (C, W, CW)],
found a main group effect, F(1, 49) =9.74, p = 0.003, 1,?= 0.17, as the younger group were
better performers. There was a main effect for the Stroop section, F(2, 98) = 412.56, p <
0.001, N, = 0.89, which is understandable as the performance in the two repetition
sections, C and W, were less demanding than the inhibition section, CW. Thus, interaction
F(2,98) =5.67, p =0.005, 1,?=0.10, was significant confirming the performance difference

between the groups.
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A MANOVA comparing the inhibitory costs [group (young, older adults) x conditions (CW-C,
CW-W)], showed a main group effect, F(1, 49) = 11.53, p = 0.001, 1,?= 0.19, and main effect
for cost type, F(1,49) = 151.26, p < 0.001, 1,%?=0.76. No significance for interaction was
found, F(1, 49) = 0.69, p = 0.409, N,? = 0.01, thus there was no difference between the

groups’ costs. Both groups performance better in the W section in comparison to the C.

Independent t-tests confirmed the insignificant difference, CW-C, t(49) = 2.58, p < 0.013, d =
0.79, and CW-W, t(49) = 3.15, p < 0.003, d = 0.90, as well as in the performance of the W (p
=0.383) and C (p = 0.093) sections. However, significance was revealed with performance in
the CW section, t(49) = 5.03, p < 0.001. Thus, the Stroop effect was observed as expected.
However, Inhibitory ability is based on the calculated interference score of the test. A
positive calculated value indicates satisfactory ability in inhibiting interfering information, as
seen with the young adults, whereas a negative interference value, shows worsen inhibition
ability, as seen with the older adults (Scarpina & Tagini, 2017; Stroop, 1935). Accordingly,
this difference was statistically significant, t(49) = 4.84, p < 0.001, d = 1.38, as seen in Figure
3.7. These findings indicated that while inhibition capacity was demonstrated by both

groups, it had deteriorated with advance age.

407

Stroop Interference score

Young Older
Group
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Figure 3.7. Stroop task Interference score group comparison. This figure presents the calculated
inhibitory control for the Stroop task in the young adults (skewness 0.80, kurtosis 0.92), and older
adult groups (skewness -0.18, kurtosis 0.34).

In sum, significant differences were observed in inhibitory abilities, i.e. the incongruent
conditions of both the Stroop task and the HSCT. In the Stroop task, performance in the CW
section and the derived Stroop interference score demonstrated age effects. The young
adults possessed a more positive mean value, which equates to better performance.
Similarly, decreased inhibition ability was observed in the older adults in the HSCT. An age
effect was found in the RT cost. However, insignificant differences were shown in the errors

produced in the inhibition section of task and in the overall HSCT score between the groups.

3.3.2.3 Shifting

The task switching test and TMT results can be viewed in Table 3.5 below.

Table 3.5. Shifting Results of the Young and Older Adult Participants

Young Adults Older Adults Young

Task vs Old,
p-

n Mean (SD) n Mean (SD) value

Task Switching, local shift -
repetition RT (ms)

Task Switching, local shift -
repetition error rate (%)
Task Switching, local shift -
shifting RT (ms)

Task Switching, local shift -
shifting error rate (%)

Task Switching, local shift -
cost (RT)

Task Switching, local shift -
error rate cost (%)

Task Switching, mixing task -
repetition RT (ms)

Task Switching, mixing task -
repetition error rate (%)
Task Switching, mixing task -
shifting RT (ms)

26 | 1253.00(350.88) | 23 | 1492.41(370.63) | 0.025

26 3.69 (4.22) 23 7.91 (10.80) 0.072

26 | 1328.95(340.29) | 23 | 1699.59 (524.40) | 0.005

26 8.42 (7.72) 23 10.83 (11.59) 0.392

26 75.96 (84.29) 23 207.18 (228.92) 0.009

26 4.77 (5.92) 23 3.04 (4.44) 0.259

26 | 966.32(179.70) | 21 | 1071.00(133.12) | 0.031

26 2.85 (2.74) 21 1.43 (1.33) 0.035

26 | 1253.00(350.88) | 21 | 1475.14(336.95) | 0.033
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Task Switching, mixing task -

chifting error rate (%) 26 | 3.69 (4.22) 21 6.14 (9.12) 0.229
Task Switching, mixing task - | | g0 5 92277) | 21 | 404.14(314.73) | 0.142
cost (RT)

Task Switching, mixing task- | | gg (3 79) 21 4.81 (8.44) 0.038
error rate cost (%)

Task Switching, global shift - | 0| g-3 00 (177.01) | 21 | 1071.00(133.12) | 0.024
repetition RT (ms)

Task Switching, global shift - | o\ 3 00 5 g6) | 21 1.43 (1.33) 0.021
repetition error rate (%)

Task Switching, global shift - | 2 | 1215 14 (349.75) | 21 | 1690.79 (496.87) | 0.003
shifting RT (ms)

Task Switching, global shift -

chifting error rate (%) 27 | 8.96(7.94) 21 8.86 (9.97) 0.968
Task Switching, global shift -

Shifting cost (RT) 27 | 349.36(219.29) | 21 | 619.79 (457.52) | 0.010
Task Switching, global shift - | o | ¢ oo ¢ o) 21 7.52 (9.14) 0.441
shifting error rate cost (%)

Task Switching, RT cost

ANOUA ; <0.001 ; <0.001 <0.001
Task Switching, error rate

ANOUA ; <0.001 ; <0.001 0.001
(T;)a" Making Test, Part ART | ) | 3529(10.80) | 23 | 32.70(10.34) | 0.896
Trail Making Test, Part A 24 | 208(1021) | 23| 6.52(17.22) 0.286
error rate (%)

(Tsr)a" Making Test, Part BRT | 1o | 411(1954) | 19 | 57.53(15.12) | 0.253
Trail Making Test, Part B 19 | 15.79(33.55) | 19 | 26.32(45.21) | 0.421
error rate (%)

Trail Making Test, RT 19 | 31.00(17.68) | 19 | 25.89(11.99). | 0.305
Shifting cost (s)

Trail Making Test, global 19 | 13.16(36.67) | 19 | 18.42(47.76) | 0.705

error rate shifting cost (%)

In the examination of shifting ability with the task switching task, three shifting types were

assessed, local shift, mixing task, and global shift. Please note in addition to the outliers, two

older adult participants were removed from analysis due to computer issues.

In comparing repetition and shifting performance amongst the shift types, paired-samples t-

tests on the young adults revealed significance in all the RTs, local shift, t(25) = -4.60, p <

0.001, mixing task, t(25) = -6.56, p < 0.001, global shift, t(26) = -8.28, p < 0.001, and all but

one of the error rates, the local shift, t(25) = -4.08, p < 0.001, mixing task, t(25) =-1.19, p =

0.247, and the global shift, t(26) =-5.26, p < 0.001. Whereas in the older adults, significance
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was found in all the RTs, local shift, t(22) = -4.34, p < 0.001, mixing task, RT, t(20) =-5.88, p <
0.001, global shift, t(20) = -6.21, p < 0.001, and error rates, local shift, t(22) =-3.18, p =
0.004, mixing task, t(20) = -2.56, p = 0.019, global shift, t(20) = -3.75, p = 0.001.

Analysis of the local shift performance with a 2x2 ANOVA [group (young, older adults) x task
switching part (repetition, shifting)] for the RTs, revealed a main group effect, F(1, 47) =
7.42, p =0.009, Ny? = 0.14, a main effect for task condition, F(1, 47) = 34.56, p < 0.001, 1),? =
0.42, and for interaction F(1, 47) = 7.42, p = 0.009, ,? = 0.14. The older adults spent longer
performing the repetition and shifting conditions, and thus had higher shifting costs in
comparison to the young adults. For error rate, there was no main group effect revealed,
F(1,47) = 1.85, p = 0.180, 1,? = 0.04 but a main effect for the task condition, F(1, 47) = 25.80,
p <0.001, N,?= 0.35. No interaction, F(1, 47) = 1.46, p = 0.233, 1,°= 0.03 was shown,

indicating both groups produced more errors by the same amount in the shifting condition.

A 2x2 ANOVA of the RT mixing task performance, showed a main group effect, F(1, 45) =
5.70, p = 0.021, Nx?= 0.11, and a main effect for the task condition, F(1, 45) = 77.44, p <
0.001, N, = 0.63. However, not for interaction F(1, 45) = 2.24, p = 0.142, N,? = 0.05. Thus,
performance between the groups was comparable. For error rate, there was no main group
effect, F(1, 45) = 0.19, p = 0.664, 1, = 0.00. A main effect for task condition, F(1, 45) =9.22,
p =0.004, N,?= 0.17, and for interaction F(1, 45) = 4.46, p = 0.040, N,?= 0.09, were found,

indicating there was a difference in the accuracy performance between the groups.

For global shift, RTs, a main group effect, F(1, 46) =9.78, p = 0.003, ], = 0.18, a main effect
for task condition, F(1, 46) = 93.87, p < 0.001, 1,?=0.67, and for interaction F(1, 46) = 7.31,
p = 0.010, N,? = 0.14, were revealed. The older adults generated a much longer mean RT
performing the shifting condition. For error rate, there was no main group effect found, F(1,
46) = 0.31, p = 0.583, 1,?= 0.01. However, there was a main effect for task condition, F(1,
46) =38.17, p < 0.001, Ny’ = 0.45 as the shifting condition was completed with less
accuracy. Insignificance for interaction F(1, 46) = 0.48, p = 0.490, 1,? = 0.01 was seen, thus

performance was comparable between the groups.

The significant interactions were further analysis with independent t-tests on the shifting
costs, which confirmed substantial differences amongst the groups’ performances in local

shift RT cost, t(47) =-2.73, p = 0.009, d = 0.80, mixing task error rate cost, t(45) =-2.13, p =
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0.038, d = 0.64, and the global shift RT cost, t(46) =-2.70, p = 0.010, d = 0.80. The older
adults had much larger shifting costs in comparison to the young adults, see Figures 3.8, 3.9,

and 3.10.

1000

5001

Local shift KT cost (ms)

Young Older
Group

Figure 3.8. Task Switching test, local shift RT cost group comparison. This figure presents the local shift
RT cost (ms) between the young adults (skewness 1.05, kurtosis 1.86), and older adult groups
(skewness 0.86, kurtosis 0.39).
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Figure 3.9. Task Switching test, mixing task error rate cost group comparison. This figure presents the
mixing error rate cost (%) between the young adults (skewness 1.95, kurtosis 5.28), and older adult
groups (skewness 1.87, kurtosis 2.77).
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Figure 3.10. Task Switching test, global shift RT cost group comparison. This figure presents the global
shift RT cost (ms) between the young adults (skewness 0.22, kurtosis -0.57), and older adult groups
(skewness 2.28, kurtosis 4.94).

Both age groups’ participants presented with the characteristic task-shifting costs associated
with this task by producing longer RTs and more errors in the shifting task, indicating the
demand on the shifting EF. The older adults were especially affected, producing higher RT
costs during the local shift and global shift analyses, and a larger error rate cost during the

mixing task analysis.

In the assessment of performance with the TMT, paired-samples t-tests confirmed a
significant difference in the RTs between the two test parts in both age groups, t(18) = -7.64,
p < 0.001 in the young adults, and t(18) =-9.41, p < 0.001 in the older adults, highlighting

the demand on shifting ability generated by the task.

A 2x2 ANOVA [group (young, older adults) x TMT part (repetition, shifting)], completed on
the TMT RTs found no main group effect, F(1, 36) = 1.01, p = 0.321, 1,?= 0.01. However,
there was a main effect for the test part, F(1, 36) = 134.75, p < 0.001, N,?= 0.79 due to the
demand generated for shifting, but no effect for interaction F(1, 36) = 1.09, p = 0.305, 1),?=
0.03, was shown. Thus, there was no age effect in the overall RT test performance, which

was confirmed with an independent t-test of the RT, t(36) = 1.04, p = 0.305, d = 0.35.

Paired-samples t-test reported insignificant differences in the analysis of the error rates
produced in the two test parts in the young, t(18) = -1.56, p = 0.135 and in the older adults,
t(18) =-1.68, p = 0.110.

As this test only considers the good performers of both tests, it is understandable that no
differences were observed with the remaining participants, as they completed the entire

test correctly.

A 2x2 ANOVA [group (young, older adults) x TMT part error rate (repetition, shifting)]
showed no main group effect, F(1, 36) = 1.29, p = 0.264, ,>= 0.03. A main effect for the
TMT part was found, F(1, 36) = 5.23, p = 0.028, 1,?= 0.13 but no effect for interaction F(1,
36) =0.15, p = 0.705, ,?>= 0.00. Thus, no difference in the groups’ accuracy performance
between the TMT parts was observed. An independent t-test of the error rate cost

confirmed the groups error rates were comparable, t(36) =- 0.38, p =0.705, d = 0.13.
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In conclusion, shifting ability was in principle maintained in both participant groups through

its assessment with the task switching task and TMT. With the TMT, insignificant

performance differences were observed as comparable RT and error rate shifting costs were

observed. However, with the task switching paradigm, age effects in the local and global

shift RT costs, and the mixing task error rate shifting cost were seen.

3.3.2.4 Updating

The BDS test and n-back task results can be viewed in Table 3.6 below.

Table 3.6. Updating Results of the Young and Older Adult Participants

Young Adults Older Adults Young vs

Task old, p-

n Mean (SD) n Mean (SD) value
Backward Digit
Span Test (no. out 28 7.86 (2.16) 25 7.68(2.81) 0.797
of 14 spans)
N-back, RTANOVA | - 0.392 - 0.6682 <0.001°
N-back, error rate a a b
ANGVA ; <0.001 ; <0.001 <0.001
N-back, 0-, RT (ms) | 26 536.86 (89.89) 24 | 785.18(159.74) | <0.001
N-back, O-, error
rate (%) 26 2.40 (2.32) 24 3.61(3.72) 0.171
N-back, 1-, RT (ms) | 26 525.91 (153.08) 24 |  764.81(216.70) | <0.001
N-back, 1~ error = 14.90 (8.13) 24 31.15 (22.38) 0.001
rate (%)
N-back, 2-, RT (ms) | 26 573.06 (186.48) 24 | 82530(242.33) | <0.001
N-back, 2-, error 26 40.05 (18.65) 24 60.28 (20.96) 0.001
rate (%)
N-back, 3-, RT (ms) | 26 562.74 (189.19) 24 | 798.87(247.72) | <0.001
N-back, 3- error | ¢ 52.84 (14.81) 24 70.38 (14.47) <0.001
rate (%)
N-back, RT 26 25.88 (186.22) 24 6.34 (240.56) 0.751
updating cost (ms)
N-back, errorrate | o 50.43 (14.34) 24 67.17 (14.52) <0.001
updating cost (%)

a_ one-way repeated measures, ° - two-way repeated measures.

Statistical analysis revealed no significant differences between the groups’ mean BDS task

performance, t(51)= 0.26, p = 0.797, d = 0.07. All the young and older participants were able

to recall up to 4 digits backwards, see Table 3.7, which is similar to results reported by
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Woods et al (2011), who observed a span of 4 to 6 in their study assessing young and
middle-aged healthy adults. Only two young participants, 7%, were able to correctly recall
the longest span of 8 digits, one doing so on both trials, but no member of this group scored
the maximum test score of 14, i.e. correctly recall all the spans in reverse order. However, in
the older group, 24%, were able to recall the maximum span of 8 digits backwards correctly.
One individual was able to recall all the spans and obtained the maximum score of 14 for

the test.

Table 3.7. Backward Digit Span Group Comparison Performance. The test involves the completion of
seven spans (lengths 2 to 8), twice. The highest span length achieved by a participant is presented.
Span Length Young Adults, Older Adults,
Highest Span Achieved (n) | Highest Span Achieved (n)
0
0
6
5
12
3
2

NN IWN
ADRPW0 N O|O

In the n-back task, a one-way repeated measures ANOVA test [conditions (0-, 1-, 2-, and 3-
back)] revealed an insignificant main effect between the RT n-back conditions, F(3, 75) =
1.01, p = 0.392, 1,2 = 0.04, in the young adults, and in the older adults, F(3, 66) = 0.52, p =
0.668, N,%>=0.02.

A two-way repeated measures ANOVA for the RTs [group (young, older adults) x conditions
(0-, 1-, 2-, 3-back)] showed a main group effect, F(1, 47) = 33.27, p < 0.001, 1], = 0.41,
confirming the groups performed differently, with the older adults producing larger mean
RTs. However, no main effect for n-back condition, F(3, 141) = 1.34, p = 0.263, ,>=0.03, or
for interaction, F(3, 141) = 0. 07, p = 0.978, ,? = 0.00 was found.

For error rate, a one-way repeated measures ANOVA test [conditions (0-, 1-, 2-, and 3-back)]
showed a significant main effect for both groups. In the young adults, F(3, 75) = 140.01, p <
0.001, N,%=0.85, and in the older adults, F(3, 66) = 130.15, p < 0.001, 1,? = 0.86. Thus, the
classic effect of this task was observed, as there was an increase in errors produced with

increased task difficulty.
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A two-way repeated measures ANOVA [group (young, older adults) x conditions (0-, 1-, 2-, 3-
back)] revealed a main group effect for error rates, F(1, 47) = 17.33, p < 0.001, 1’ = 0.27. As
well as a main effect for n-back condition, F(3, 141) = 268.68, p < 0.001, N,?= 0.85, and for
the interaction, F(3, 141) = 6.66, p < 0.001, 1, = 0.12. The groups performed the different n-
back task conditions with different accuracy, with the older adults generating more errors

throughout.

The combined performance of all the RTs, as well as the error rates for the young adults is

seen in Figure 3.11, and for the older adults in Figure 3.12.
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Figure 3.11. Young Adult Group N-Back task performance. This figure presents the relationship
between the mean n-back RT in ms (line and right axis) and the error rates in % (bars and left axis) at
0-, 1-, 2-, and 3-back in the young adult group. Error bars denote SEM (standard error mean).
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Figure 3.12. Older Adult Group N-Back performance. This figure presents the relationship between the
mean n-back RT in ms (line and right axis) and the error rates in % (bars and left axis) at 0-, 1-, 2-, and
3-back in the older adult group. Error bars denote SEM.

Each n-back condition was then compared between the groups. At 0-back, significance was
only found in the RTs, t(48) = -6.84, p < 0.001, but not in the error rates, t(48) =-1.39, p =
0.171, signifying that the older adults spent longer in completing the tasks but produced

comparable errors with the younger adults, in the least demanding condition of the task.

Significant differences were found between the groups in the RTs and error rates during the
remaining conditions, in the 1-back [RT, t(48) = -4.53, p < 0.001, error rates, t(48) =-3.46, p =
0.001], 2-back [RT t(48) = -4.14, p < 0.001, t(48) =-3.61, p = 0.001], and 3-back [RT t(47) = -
3.77, p < 0.001, error rate t(47) = -4.18, p < 0.001] conditions. Therefore, signifying that the

older adults possessed higher RTs and generated more errors during these conditions.

To further examine the groups’ performances, a series of pairwise comparisons for the
different conditions, i.e.0vs 1, 0 vs 2, 1 vs 3 etc, between the groups’ RTs and error rates,
was conducted. Following Bonferroni correction, all the RT comparisons were observed as
being statistically insignificant, p > 0.00851, implying the groups had approximately the

same mean RTs between all the pairwise comparisons.

However, significant differences in the error rates between all the n-back conditions in each

group and between the groups demonstrated significant differences in the errors produced.
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Finally, no significance in the RT updating (3-back RT minus 0-back RT) cost between the
groups was found, t(47) = 0.32, p = 0.751, d = 0.09. Significance was observed for the mean
error rate cost, t(47) = -4.06, p < 0.001, d = 1.18 (Figure 3.13), confirming the more errors
produced by the older adults while produced spending approximately the same time

completing each task condition, in comparison to the young adults.

M-back task error rate cost (%)
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Figure 3.13. N-Back error rate costs group comparison. This figure presents the error rates (%)
difference at 0-back and 3-back for the young adults (skewness 0.95, kurtosis 1.29), and older adult
groups (skewness -0.57, kurtosis 0.48).

Thus, the typical effect of this task on accuracy and not RT, as shown by the individual
groups’ performance, as a result of the strictly timed trial procedure, was observed.
Therefore, age-related performance decline was apparent in the updating error rate cost

between the groups.

To summarise, updating ability was comparable in performance between the two age
groups with the BDS task, where both groups obtained a mean score of 7, which equates to
a span length of 5. With the n-back task however, a statistically significant difference was
observed in the updating error rate costs and absolute error rates between the groups, a
typical finding with this task. Age effects were also observed for all the error rate n-back

pairwise comparisons, following Bonferroni correction.
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3.3.3 Statistical Power of Study

The majority of the statistical powers, i.e. Cohen’s d and the partial eta squared, 1,2, of the
many EF analyses performed were small to medium. Thus, the modest sample size in the
study may have had a role in limiting the significance of some of the statistical comparisons

conducted.

A power analysis using the G*power computer program (Erdfelder et al., 2009; Faul et al.,
2007) was performed. It indicated that a total sample of 101 participants, 51 in each of the
groups, would be required to detect medium effects (d = 0.50) with 80% power using the
independent t-test between means with alpha at 0.05, in a one-tailed hypothesis. (A total of
128 participants, 64 per group is required in a two-tailed hypothesis.) This would apply to all

the EF tasks except the Stroop and n-back tasks.

For MANOVA analysis with the Stroop and n-back tasks, power analysis indicated a total
sample size of 18 participants, 9 each, for three repeated measurements, i.e. the Stroop
task, and 16 participants, 8 each, for four repeated measurements, i.e. the n-back task, in a

one-tailed hypothesis.

Following review of previous cognitive ageing studies that employed these tasks, the lack of
statistical power observed in this study may be adequate as the employment of smaller
participants than these calculated number was observed. These included the PRP task
(Maquestiaux et al., 2010; Strobach et al., 2012a, 2012b), Stroop task (Albinet et al., 2012;
Andrés et al., 2008; Bherer et al., 2006; Boucard et al., 2012; Damoiseaux et al., 2008;
Keightley et al., 2006; Lagué-Beauvais et al., 2015; Langenecker et al., 2004; Mayas et al.,
2012; Morrone et al., 2010; P. Wang et al., 2013), TMT (Damoiseaux et al., 2008; Lagué-
Beauvais et al., 2015; Lagué-Beauvais, Brunet, et al., 2013; L. D. Miiller et al., 2014), task
switching task (Hillman et al., 2006), BDS task (Bherer et al., 2006; Chee et al., 2006;
Damoiseaux et al., 2008), and the n-back tasks (Berger et al., 2017; Boucard et al., 2012;
Daffner et al., 2011).

No study was found to have utilised the TEA telephone code search DT in this type of
participant groups. Whereas all the studies that used the HSCT had the appropriate
participant numbers (Morrone et al., 2010; Tournier et al., 2014; Z. Wang & Su, 2013).
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Nevertheless, assessing more participants was not possible due to the restrictions imposed

by the COVID-19 pandemic.

3.3.4 Trajectory of Decline in Executive Function Abilities

3.3.4.1 Decline in comparison to the Young Adults

In order to determine the rate of decline of EF abilities in the older adults, some measures
from the tasks employed were further analysed following their normalisation, by
transforming raw score values to a normalised form. This was to alleviate analytical
variations of task measures as it can be challenging to compare results assessing the same
construct of EF performance with different outcome metrics, e.g. RTs, error rates,
completion times, and/or derived test scores (Lezak et al., 2012) to determine the amount
of impairment shown for these tasks. Accordingly, the measures were transformed to

comparable units and z-score transformation was the most appropriate.

This was accomplished by first normalising the young adult data by calculating the group
mean and SD, then this mean was taken away from each older participant’s task score and
divided by the SD, i.e. [(older participant score — young adult mean)/young adult standard
deviation]. Consequently, the z-scores of the older adults reflected the amount of cognitive
decline (or improvement) in terms of the young groups’ performance. As a consequence,
the mean z-scores of the older participants will not be zero, as would be observed with the
young group. The resulting older adult mean z-scores of the four pairs of EFs tasks were
compared with the young adults via independent samples t-tests. (Please note the Stroop
and HSCT z-scores were inverted as better performance was indicated with a higher score,
whereas in the remaining assessments used, better performance was reflected by a lower

score.)

In addition, the effect sizes (e) of the values, as proposed by Cohen (1988), were calculated

(The Cohen’s value, d, was not calculated.) The results are listed in Table 3.8.

Table 3.8. Decline in Executive Function Abilities in Older Adults in comparison to Young Adults

Older Adults | independent t- Effect
z-scores test p-value size, e

Task n

Dual-tasking
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Test for Everyday Attention,

auditory dual-task, count correct - 20 -0.64 0.020 0.35
accuracy measure

Test for Everyday Attention,

telephone code dual-task, count 20 -0.34 0.229 0.19
correct - accuracy measure

PRP, SOA Oms auditory dual-task 24 011 0.639 0.07
cost, RT1 - time cost

PRP, SOA Oms dual-task cost, RT1 24 0.36 0.067 0.27
error rate - accuracy cost

PRP, SQA Oms visual dual-task cost, 24 0.5 0.135 0.22
RT2 - time cost

PRP, SOA Oms dual-task cost, RT2 24 -0.46 0.093 0.25
error rate - accuracy cost

PRP Effect, S.OA 0 — 1000ms, visual 24 0.64 0.013 0.36
task, RT2 - time measure

PRP Effect, error rate - accuracy 24 0.25 0.370 0.14
measure

Inhibition

Stroop Colour-Word - inhibition 25 1.35 <0.001 0.58
measure

Stroop Interference - test score 25 1.19 <0.001 0.57
Hayling sentence completion test,

RT inhibition cost - time cost 23 1.21 <0.001 0.49
Hayling sentence completion test, 23 0.28 0.337 0.01
overall score - test score

Shifting

Ta.sk.SW|tch|ng Test, local shift RT 23 156 0.009 0.37
shifting cost - time cost

Task S\/f/lt.chmg Test, local shift error 23 -0.29 0.254 0.17
rate shifting cost - accuracy cost

Ta.sk.SW|tch|ng Test, mixing RT 21 0.53 0.142 0.22
shifting cost - time cost

Task S\/f/lt.chmg Test, mixing error 21 1.04 0.042 0.30
rate shifting cost - accuracy cost

Ta.sk.SW|tch|ng Test, global shift RT 21 193 0.010 0.37
shifting cost - time cost

Task Switching Test, global shift

error rate shifting cost - accuracy 21 0.30 0.426 0.12
cost

T.rall Making Test, RT shifting cost - 19 0.34 0.253 0.19
time cost

Trz.;uI.Maklng Test, error rate 19 -0.29 0.305 0.17
shifting cost - accuracy cost

Updating
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Backw.ard Digit Span Test - 25 .0.08 0.797 0.04
updating measure

N-Back, RT cost - time cost 23 -0.11 0.751 0.05
CN(;ftack, error rate cost - accuracy 23 117 <0.001 051

TEA - Test for Everyday Attention, PRP - Psychological Refractory Period paradigm.

The significant findings observed with this analysis, confirms the statistical analysis

performed in section 3.3.2.

Independent t-test found a significant difference in the TEA auditory DT accuracy measures,
z-score = -0.64, p = 0.020, e = 0.35, where the negative z-score reflected better performance
in the older adults, i.e. higher scores in comparison to the young adults. Additionally, with
the other PRP DT condition, the PRP effect, the older adults had greater decline in the time
measure (PRP effect RT2), z-score = 0.64, p = 0.013, e = 0.36.

Worsened inhibition ability was apparent in the older adults, with the evaluation of the
incongruent CW condition of the Stroop task, z-score = 1.35, p < 0.001, e = 0.58, and the
derived Stroop interference score, z-score = 1.19, p < 0.001, e = 0.57, both with a large
effect size. Also, the HSCT time cost was statistically significant, z-score = 1.21, p < 0.001, e =

0.49.

Significant decline in shifting ability with the task switching task was observed in the local
shift RT shifting cost - time cost, z-score = 1.56, p = 0.009, e = 0.37, mixing error rate shifting
cost - accuracy cost, z-score = 1.04, p = 0.042, e = 0.30, and global shift RT shifting cost - time
cost, z-score = 1.23, p =0.010, e = 0.37.

Lastly, significant decline in updating ability was observed with the n-back accuracy cost, z-

score =1.17, p <0.001, e = 0.51, which presented with a moderately large effect size.

In sum, it seems the greatest decline of EF ability among the four EFs ability due to healthy
ageing was in shifting ability assessed with the task switching local shift RT shifting cost, z-
score = 1.56. Followed by inhibition ability measures from the two tasks, the Stroop task
interference, z-score = 1.19, and the CW condition, z-score = 1.35, as well as the HSCT time
cost score, z-score = 1.21. Then updating ability with the accuracy cost, z-score = 1.17 of the

n-back task and last DT ability with in the RT2, PRP effect measure, z-score = 0.64.
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3.3.4.2 Pairwise comparison of Decline amongst the Older Adults

In order to determine the extent of decline in EF ability in the older adults across the four
EFs examined, the differences between the tasks that presented with the most
deterioration in the older adults were examined in a repeated-measure design. The reason
for this is that this study is interested in the individual trajectory rate of decline amongst the
EFs due to cognitive ageing. Thus, the tasks that appeared to be the most sensitive to age
effects were used for this analysis. Therefore, one score from each of the four EF tasks was
selected based on the z-score value from the data presented in Table 3.8 for this purpose.
These were for DT, the PRP effect RT2 measurement (z-score = 0.64), for inhibition, the
Stroop task CW (z-score of 1.35), for shifting, the local shift RT shifting cost (z-score = 1.56),

and for updating, the error rate cost of the n-back task (z-score of 1.17).

Paired-samples t-tests were employed to test pairwise comparisons between all the four EF
tests, i.e. DT compared with inhibition, DT with shifting, DT with updating, and so on, with
the use of these scores. The effect sizes were also calculated. The results are shown in Table

3.9 and Figure 3.14.

Table 3.9. Decline in Executive Function Abilities amongst the Older Adults

Paired-samples | Effect size
Pairwise comparison df !
t-test p-value €
Dual-tasking (PRP Effect RT) vs Inhibition (Stroop 91 <0.001 0.84
CW)
Dual-tasking (PRP Effect RT) vs Shifting (Task
19 0.231 0.27
Switching Test, local shift RT shifting cost)
Dual-tasking (PRP Effect RT) vs Updating (N-Back, 19 0.123 0.35
error rate cost)
Inhibition (Stroop CW) vs Shifting (Task Switching
<0. .
Test, local shift RT shifting cost) 22 0.001 0.73
Inhibition (Stroop CW) vs Updating (N-Back, error 99 <0.001 0.13
rate cost)
Shifting (Task Switching Test, local shift RT
22 0.532 0.86
shifting cost) vs Updating (N-Back, error rate cost)

Substantial differences were only observed between DT (PRP effect) and inhibition (Stroop

CW), p-value of < 0.001 with a fairly large effect size of 0.84, between inhibition and shifting
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(local shift RT shifting cost), p-value of < 0.001, large effect size of 0.73, and between
inhibition and updating ability (n-back, error rate cost), p-value of < 0.001, small effect size
of 0.13, as seen in Table 3.9 and presented in Figure 3.13. Thus, inhibition differed from the

other three EFs.

2.5

I
|

Dual-task Inhibition Shifting ® Updating

Z-score

Figure 3.14. Significant differences in decline in Executive Function Abilities amongst the Older Adults.
The bars represent the z-score data from the four EF tasks presented in Table 3.9. The three
statistically significant paired-samples t-test analyses, p < 0.05, are shown by the black line above
each EF pair. Error bars represent SEM.

Whereas the remaining analysis found no difference between the abilities, i.e. between DT
and shifting, p = 0.231 and moderate e = 0.27, DT and updating p = 0.123 and moderate e =
0.35, DT and shifting ability, p = 0.113 with moderate e = 0.36, and between shifting and

updating ability, p = 0.532, with a very large e of 0.86.

Of note is while the analysis between DT and inhibition, and between inhibition and shifting
was significant, between DT and shifting was not. This may be due to the larger variances of

DT and shifting z-scores, whereas inhibition presented with a smaller variance.

Based on these findings and Figure 3.14, shifting ability appears to have the numerically
greatest decline. Although inhibition displayed significantly less decline than shifting and
updating showed significantly less decline than inhibition. While DT ability demonstrated a

significantly smaller decline rate from all three.
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In conclusion, the results of these EF comparisons demonstrated that shifting seemed to be
the most affected EF ability due to ageing, displaying the highest numerically z-score. A

significant finding of the analysis conducted.

However, it is important to note that the findings observed here are based solely on the
tasks and task measures used. The trajectory of decline of the four EF may differ if a

different set of tasks is used.

3.4 Discussion

This cross-sectional study assessed age decline on a range of tasks assessing the EFs dual-
tasking, inhibition, shifting and updating between young and older adults. The results
indicated the older adults performed poorer in comparison to the young adults. In general,
age-associated decline was observed, where tasks were completed slower and with less
accuracy. However, this was also dependent on the task utilised and the condition of the

task being examined.

A further aim of this study was to compare the trajectory of decline of these abilities in the
older adult population between the four EFs. Shifting was observed to have the highest
decline rate, followed by inhibition, and then updating, although collectively they all
appeared to decline at a similarly high rate. Whilst DT had the smallest rate of decline,

based on the calculated z-scores of the one of the tasks employed.

3.4.1 Dual-Tasking

An age effect in DT performance was observed in the RT of the PRP effect, with the PRP
paradigm (Pashler, 1984; Welford, 1952). The older group produced a higher mean RT
difference between performance in the SOA Oms and 1000ms, which has similarly been
reported by a number of researchers in cross-sectional studies (Allen et al., 1998; Glass et
al., 2000; Hartley, 2001; Hartley et al., 1999; Hein & Schubert, 2004; Verhaeghen et al.,
2003). The theory is young adults are better at bypassing the central bottleneck for the
simultaneous processing of the stages required for the completion of the two tasks (Pashler,
1984, 1992, 1993, 1994; Schubert, 2008; Schubert et al., 2008). No difference was observed

with the mean error rate.
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Although the groups had similarly RT cost measures when comparing ST and DT (SOA Oms)
performance for the auditory and visual tasks, significance was observed when the two DT
task performances were compared. This showed that the tasks were completed differently

by the age groups, with the older adults generating a higher cost.

There were insignificant performance differences observed in the accuracy performance of
the TEA DT task (Robertson et al., 1994), and in the RT and error rate of the DT cost of the
PRP task. Researchers have reported increased variations in female performance when
completing DT due to menstruation as a result of varying hormonal levels (Kaur et al., 2014;
Mantyld, 2013; Poromaa & Gingnell, 2014; Wong-Goodrich et al., 2020; Wozniak et al.,
2014). Thus, as the young adult group consisted of a high proportion of female participants

of menstrual age, this may account for the overall poorer performance of this group.

In conclusion, an age effect was observed with the RT of the PRP effect and during
comparison of the two PRP DT costs. The older adult group performed with the same level
of accuracy as the young adults in the TEA, and the DT cost measures of the PRP task
(auditory and visual) were comparable, demonstrating maintained DT ability in the older

adults.

3.4.2 Inhibition

Age-related decline in inhibitory control was observed in the performance of the
incongruent section and interference score of the Stroop task (Golden, 1978), and in the
inhibition RT cost (RT difference between incongruent and congruent section) of the HSCT
(Burgess & Shallice, 1997). This is well supported by previous research (Albinet et al., 2012;
Amer & Hasher, 2014; Borella et al., 2009; Boucard et al., 2012; Bruyer et al., 1995; Bugg et
al., 2007; Clarys et al., 2009; Graf et al., 1995; Houx et al., 1993; Lagué-Beauvais et al., 2015;
Maquestiaux et al., 2010; Mayas et al., 2012; D. P. McCabe et al., 2005; Morrone et al.,
2010; Pettigrew & Martin, 2014; Uttl & Graf, 1997), and correlates with the inhibition deficit
hypothesis in that older adults are less capable of suppressing or ignoring irrelevant

thoughts and actions when compared to young adults (Rey-Mermet & Gade, 2018).

The age-related decline in inhibitory control found in the RT inhibition cost is in line with
what has been reported with this test (Bielak et al., 2006; Borella et al., 2011; Cervera-

Crespo & Gonzélez-Alvarez, 2017; Tournier et al., 2014; Zimmermann et al., 2017),

Page 132 of 359



particularly in the inhibitory section. Although, typically older participants are known to also
produce more errors, which was not observed here, as part A errors were not collected or

scored, like part B.

However, although both these tasks assess inhibitory abilities, they measure different
aspects. Interference is thought to refer to the disruptiveness of the stimulus, but not the
susceptibility to disruptiveness which may not require the active suppression of thought
(Borella et al., 2009). This is assessed in the Stroop task. While inhibition requires the active
suppression of processes to withhold irrelevant information from entering WM (Borella et
al., 2009). Which is measured in the HSCT. This may be the reason why the HSCT is thought
of as a more difficult task, as individuals have to consciously suppress words to sentences

they are accustomed to. Nonetheless, both tasks showed age-associated decline.

Therefore, it can be concluded that inhibition is greatly affected by increasing age, as both

tests observed decline.

3.4.3 Shifting

With the task switching test (Rogers & Monsell, 1995), age-related decline in shifting ability
was evident with the local and global shift RT shifting costs, and the mixing task shifting
error rate. This is consistent with the findings of many studies with this test (Brandt &
Benedict, 2001; Hirsch et al., 2016; A. F. Kramer et al., 1999; Kray et al., 2002; Kray &
Lindenberger, 2000; Moretti et al., 2018; Reimers & Maylor, 2005; Wasylyshyn et al., 2011).

The three shift types differ in cognitive processes as they represent the performance
differences between three different non-shifting and shifting conditions. Resulting in
different task demands, whilst maintaining and selecting between the two possible
response sets (Reimers & Maylor, 2005). Thus, the RT global shift cost reflects the
maintenance of multiple task configurations in WM, particularly during the pseudo-random
presentation of the shifting task with two response sets in one trial block in comparison to
one in each repetition trial block (Huff et al., 2015; Wasylyshyn et al., 2011). Similarly, local
shift cost assesses this ability within shifting blocks, where the ability to suppress the
response requirement of the prior trial to complete the current trial is in focus (Monsell,
2003). Hence, a time deficit is observed for this cognitive process or processes (including

inhibition), i.e. transient cost (Monsell, 2003), leading to significant age effects. Whereas the
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error rate costs, but not RT costs, found with the assessment of mixing shifting costs may
reflect reduction in executive control to completing multiple task conditions (Braver et al.,

2003; W. P. Chang et al., 2020).

Decline in older adults’ performance is thought to be a result of general slowing attributed
to decreased cognitive functioning, as higher level cognitive performance has been
associated with better performance (Salthouse et al., 1998). Accordingly, the reorganisation
of WM processes due to age-associated deterioration of the PFC has been indicated to be
the cause of this shifting deficit. Older adults are thought to be able to recruit the cognitive
processes required to complete shifting tasks, however are unable to efficiently maintain
and coordinate two tasks in WM (Bopp & Verhaeghen, 2009; Gajewski, Ferdinand, et al.,
2018; Kray et al., 2002; Kray & Lindenberger, 2000; Wasylyshyn et al., 2011).

Furthermore, it has been proposed that significant differences in costs are contingent on
WM demands, which are reduced in the presence of task cues (Gajewski, Ferdinand, et al.,
2018), as were utilised here. In line with this, it has been suggested that age-associated
decline in shifting ability increases with task uncertainty, as with the removal of
environmental prompts to guide behaviour in daily life (Kray et al., 2002; Moretti et al.,
2018). Nonetheless, no age effects with the use of task switching paradigms have also been

reported (Grange & Becker, 2019).

The absence of age effects with the utilisation of the TMT has also been reported by
researchers including Ebert & Anderson (2009), Maquestiaux et al (2010) and Wecker et al
(2000). Though numerous others have described age-related decline (Hamdan & Hamdan,
2009; Tom N. Tombaugh, 2004; Wecker et al., 2005; Woods et al., 2015; Zimmermann et al.,
2017).

3.4.4 Updating

Lastly, an age effect in WM updating capacity was seen with the employment of the spatial
n-back paradigm task (Kirchner, 1958), where a larger error rate cost was found in
comparison to the younger group. Similar to shifting ability, this task is largely dependent on
WM, although it is attributed to WM demand in the same task, where greater task difficulty

is linked with the occurrence of an updating deficit.
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Ageing is proposed to affect the recalling of immediate and delayed memory processes
more than item recognition (Dennis & McCormick-Huhn, 2018). Thus, the increased
demands of the task conditions with an increasing n resulted in the older adults generating
more errors. Importantly, increase in n-back position over 1-back has been reported to
result in increase in the demand for the storage and processing of WM (Bopp &
Verhaeghen, 2018). This leads to larger performance costs in accuracy, which increases with
age (Bopp & Verhaeghen, 2018; Qin & Basak, 2020; Verhaeghen & Basak, 2005), identical
with the findings observed here. Moreover, it has been suggested that older adults are
incapable of organising and managing new incoming information, and processing of
outgoing information as fast as young individuals (Kirchner, 1958). Also, decline in attention
has also been proposed to contribute to increased error rates, especially in the 2-back

condition and longer spans (Kane et al., 2007; Verhaeghen & Cerella, 2002).

In sum, decline in updating ability is observed more at greater WM demands in older
individuals, leading to an increased level of inaccuracies as shown with the large error cost

produced with the n-back task in the older population.

3.4.5 Trajectory of EF decline
In comparing the decline of the older adults with the young adults and the trajectory of the
four EFs in the older adults, shifting was showed to be the most affected by cognitive

ageing. This was followed by inhibition, updating, and the most preserved ability, DT.

However, the findings suggest a comparable higher of rate of decline amongst shifting,
inhibition, and updating, which is in accordance with the findings of Miyake, Friedman, et al
(2000), who suggested these three EFs correlated with each other and possess a common
‘unity’ factor. Therefore, the decline rates may indicate decline in a common underlying
factor. DT was deemed to be separate and unrelated from these three EFs, loading on its
own factor, and as observed in the trajectory analysis, it showed the lowest decline rate.

Thus, the analysis seems to agree with the theory of the unity and the diversity of EFs.

A criticism of the findings of Miyake, Friedman, et al (2000) was the utilisation of a specific
set of DT paradigms and that their findings were task specific. It was suggested that unity of
DT with the other three may have been observed with the use of other DT paradigms.

However, as observed with the findings here with the use of the PRP DT paradigm, a similar
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unity finding of the other three EFs was found. Thus, it seems that the findings may truly
reflect the unity and diversity of these four EFs, and not be an artifact of their chosen

paradigms.

To conclude, although shifting ability presented with the greatest decline rate, two different
rates of age-associated cognitive decline was observed in the four EFs, one for inhibition,
shifting, and updating, and another for DT. These findings may be used to monitor how
these EFs decline in various clinical population, including AD and other dementias, by
observing for variation from the results observed here. However, these rates of decline

should be cautioned, as they might be task dependent.

3.5 Conclusion

To conclude, these findings provide evidence for age-related decline in all four of the EFs
investigated, dual-tasking, inhibition, shifting, and updating, however this was largely
dependent on the task used. Nevertheless, discrepancies were seen in the outcome of the
pair of tasks employed. Overall, these findings indicate that older adults possess the abilities
required to complete these EFs tasks, and in some instances at a level comparable with their

younger counterparts.

Due to inconsistency with some of the task results for the same EF assessment, the
following chapter investigates to what extent each pair of tasks correlated in their outcome,

and the factor loadings of the EF between the age groups.

Lastly, the rate of decline of these EFs was also investigated. It was found based on analysis
of selected measures of all the tasks used, that shifting had the greatest decline rate
followed by inhibition, then updating and the least DT. Although shifting, inhibition, and

updating seemed to all decline at a relatively higher rate in comparison to DT.
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Chapter 4, Analysis of Executive Function Task Measures — A
Correlation and Confirmatory Factor Analysis Study

4.1 Introduction

Assessing executive functions (EFs) can be problematic as there is no universal guideline nor
a clear consensus amongst researchers on what tasks to utilise for a specific domain or for a
certain study population. Accordingly, a variety of tasks have been employed in clinical and
research settings for their assessment (Chan et al., 2008; Miyake, Emerson, et al., 2000).
However, their ability to accurately predict EF deficits is not well researched. Furthermore, it
is unclear whether tasks designed to assess the same EF are actually measuring the same
underlying process (Salthouse, 2005), as there are no specific criteria on how such tasks are
created. In addition, it is also unclear whether one EF (e.g. inhibition) is a unitary construct,
or whether different types of inhibition may differ (e.g. perceptual vs motor inhibition).
Therefore, since the exact nature of a task’s EF processes is underspecified, i.e. the
construct validities of tasks are not usually well formed, there is the issue of lack of
correlation in the outcome measures or scores amongst tasks (Burgess et al., 1998, 2006;
Canali et al., 2011; D. Howieson, 2019; Jansari et al., 2014; Lezak, 1982; Miyake, Emerson, et
al., 2000). Furthermore, a task may not be sensitive enough in detecting executive
dysfunction in a specific clinical group (Hanes et al., 1996). Thus, the validity of individual EF

tasks and how well the outcome measures correlate is of interest.

4.1.1 EFsand Ageing

Of particular importance to this chapter is the process of ageing on EFs and the outcome
measures of tasks used in their assessment. In children EFs are understood to be less
distinct, however, in adults they are more separable but still interrelated, although the
degree of separability decreases with advanced age, due to biological and pathological
changes (Diamond, 2013, 2016; J. E. Fisk & Sharp, 2004; MacPherson et al., 2019; Miyake,
Friedman, et al., 2000; Miyake & Friedman, 2012). One cause for this may be cognitive
dedifferentiation and/or neural reorganisation (Cabeza et al., 2018; Oschwald et al., 2019),
which refers to the alteration of cognitive structures due to deteriorations of neural

integrity in older adults resulting in less distinction of cognitive processes (Koen & Rugg,
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2019). Therefore, this would mean EFs in older populations are more similar to each other,
i.e. more correlated, than in the younger generation (Glisky et al., 2020; Johnson et al.,
2010; Koen & Rugg, 2019; La Fleur et al., 2018; Zanto & Gazzaley, 2019). Likewise, it would
suggest that the correlations of EF abilities as assessed by EF specific tasks would differ

between young and older adults.

4.1.2 Factor-analytic studies

Factor-analytic studies have further been completed to hypothesise the organisation of EFs
in young and older adult populations through individual differences and comparison studies,
where the resulting latent variable is used as a measure of the specific EF (Bettcher et al.,
2016; Bock et al., 2019; Friedman & Miyake, 2004; Glisky et al., 2020; Hedden & Yoon, 2006;
Hull et al., 2008; Miyake, Friedman, et al., 2000; Vaughan & Giovanello, 2010). In the
examination of young adults only, Miyake, Friedman, et al (2000) employed confirmatory
factor analysis (CFA) on task measures for dual-task (DT), inhibition, shifting, and updating.
Three tasks each for inhibition (antisaccade, stop-signal, and the Stroop), shifting (plus—
minus, number—letter, and local—global tasks), and updating (keep track, tone monitoring,
and letter memory tasks), and one for DT (spatial scanning and word generation DT).
Reporting a common underlying commonality with the EFs inhibition, shifting, and updating,
however still separable and independent. It was thought that they employed common
inhibitory processes leading to a degree of correlation. DT was considered to be more
distinct from the other three EFs. Thus, the unity and diversity theory of EFs were
suggested, in that the three EF were more similar than DT, which was more diverse from the
three. Nonetheless, inconsistencies in the factor structure of these EFs have been reported

across studies that examined older adults and are now discussed.

Vaughan & Giovanello (2010) was the only study found to have observed the same three-
factor model in older adults as Miyake, Friedman, et al, (2000 with almost identical tasks,
however, with a stronger degree of correlation. The researchers used three tasks for each
EF, for inhibition (Stroop, anticue, and stop-signal), shifting (local-global, number—letter, and

more—less and odd—even tasks), and updating (letter memory, n-back, and refreshing).

However, a two-factor model was commonly reported in older adults. Hedden & Yoon

(2006) employed four tasks for inhibition (two prepotent response inhibition - the
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antisaccade and the Stroop tasks, and two resistance to proactive interference - the
excluded letter fluency 1 and 2, and the semantic fluency tasks), three tasks for assessing
shifting [plus—minus, Wisconsin card sorting test (WSCT), and trail making test], updating
[letter memory, backward digit span (BDS), and self-ordered pointing]. Reporting strong
correlation between shifting and updating, thus a two-factor model, inhibition and
shifting/updating, was applied. Similarly, Hull et al (2008) utilised multiple tasks to assess
these three EFs, for inhibition (antisaccade, nonverbal Stroop, and verbal Stroop), three for
shifting (plus-minus, nonverbal local-global, and verbal local-global), and four for updating
(nonverbal keep-track, verbal keep-track, nonverbal n-back, and verbal n-back). Inhibition
was removed due to weak correlations, hence a two-factor model comprising shifting and
updating was established. Of note is that the plus-minus task measure that loaded with
shifting in Miyake, Friedman, et al, (2000) with young adults, loaded with updating in this
study with older adults. Whereas Bettcher et al (2016) reported a two-factor model
consisting of shifting/inhibition and updating. They employed three inhibition tasks
(antisaccade, enclosed flanker test, and the Stroop), three shifting (design fluency, number-
letter, and set-shifting paradigm), and four updating tasks (BDS, dot counting, n-back, and
running letter memory). Throughout these studies, inhibition and updating never strongly
correlated, while shifting was either independent or associated with inhibition or updating.

Hence, it may be concluded that inhibition and updating are independent from each other.

The differences in the factor structure demonstrates differences in how EF load and
correlate, implicates the concept of dedifferentiation in EF processing (Koen & Rugg, 2019;
Tucker-Drob, 2009). Furthermore, although these CFA studies reported similar (3-factor
model), and dissimilar (2-factor model) between the age groups, none of these studies
assessed and compared the factor structure between young and older adults. Two further

studies were found to have completed this, Bock et al (2019) and Glisky et al (2020).

Bock et al (2019) performed exploratory factor analysis (EFA) as well as CFA on a pair of
tasks on young and older adults to examine the EF structure of DT (tracking-verbal and
tracking-manual tasks), inhibition (the Simon and Stroop tasks), shifting (switch-semantic
and switch-spatial tasks), and updating (keep-track and n-back tasks). The EFA findings
indicated some correlation (not high or low) between the four task pairs, which was higher

in the older adults, suggesting an age effect. While, CFA reported no common underlying
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factor between the EFs, concluding the EFs to be “partly overlapping rather than a factorial
structure” (Bock et al., 2019, p. 1). Although the degree of loading between the age groups

did differ, higher for the older adults in comparison to the younger adults.

Glisky et al (2020) examined three EFs in young, young-older, and older adults with a pair of
tasks, inhibition (Simon and Stroop), shifting (global-local and number-letter), and updating
(consonant updating/letter memory and keep track). As with the Miyake study, the young
were found to load with three-factor model, though weakly. A different two-factor model
where inhibition and updating highly correlated into one and shifting (inhibition/updating
and shifting), was observed in the two older age groups. Which is in contrast to the
previously discussed older adult CFA studies. The loading was moderately correlated in the
young-older group, and strongly correlated in the older participants, indicating the

increased merging of EFs with advancing age.

These findings strengthen the theory regarding the unity and diversity of EFs in that
individual EFs, particularly inhibition, shifting, and updating, might possess some degree of
commonality, particularly in older adults. Although the factor loading models differed, this
could possibly be due to the variation in the array of tasks used by each research group as

well as the age of the participants.

4.1.3 Study Aims

In the first study presented in this chapter, the data from the EF task pairs used to examine
each of the four EF domains, DT, inhibition, shifting and updating, in the young and older
adults presented in Chapter 3 were assessed in order to test their convergence with each
other. It is hypothesised that as each pair of tasks aims to assess the same construct, a
particular EF, the tasks should in theory produce the same relative level of EF performance
outcome. Although it is predicted there will be an age effect resulting in increased

correlation between the same EF pairs in the older adults than in the young adults.

A second aim of the research, presented in study 2, was to gain further understanding into
the cognitive processes underlying the construct of the EFs to find to what extent the four
EFs are similar, i.e. “unity”, or separable, i.e. “diverse”, i.e. their factorial structure, based on
the factorial analysis study conducted by Miyake, Friedman, et al (2000). This was assessed

through CFA on the four task pair measures (one for each EF) to investigate if they shared a
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common EF loading factor, see the model in Figure 4.1. The correlation factor loadings

between the task pairs of each EF were also explored.

Common EF factor

Figure 4.1. Common EF model. TEA - Test for Everyday Attention, PRP - Psychological Refractory
paradigm, HSCT - Hayling sentence completion test, TMT - Trail making test, TS - task switching test,
and BDS - backward digit span test.

The relations between the latent variables were assessed through the estimation of multiple
correlated factors, where the level of unity and diversity is shown by the degrees of the

correlations.

4.2 Methods - Study 1, Correlation Analysis
4.2.1 Participants

The young and older adult participants recruited in Chapter 3 were used for the correlation

analysis, please see section 3.2.1 for more detail.
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As stated in Chapter 3, participants who did not perform within 3.0 SD above or below the
group mean in the individual tasks or generated an error rate of 50% or more in the PRP

task, or 60% or more in the TEA task, were removed from analysis.

4.2.2 Procedure and EF Assessments
Two tasks each assessing the four EFs were utilised for both analyses, the correlation and

CFA. A full description of each task can be found in section 3.2.4.

For DT ability, correlation was assessed between the computerised psychological refractory
period paradigm (PRP) task, a comprehensive assessment of DT (Pashler, 1984), and a
modified paper-and-pen based test for everyday attention (TEA) telephone code search
subtest (Robertson et al., 1994). More specifically, the PRP DT RTs and error rate against the
DT accuracy rate and error rate of the modified TEA tasks for each of the tasks, as these
performances were the most similar. The DT costs could not be used as the young adults did

not complete the two TEA tasks separately.

For inhibition, a paper-and-pen based Stroop task (Stroop, 1935), and a paper-and-pen
based Hayling sentence completion test (HSCT) (Burgess & Shallice, 1997), were compared.
In detail, the calculated Stroop interference score (calculated by using the formula CW —
CW’) was assessed against the HSCT score (calculated by the adding the scaled scores,
derived from the task’s own scales, of the individuals’ RTs in part A and part B, and the
errors produced in part B). These scores are designed to determine the level of inhibitory
ability in an individual. As higher interference and HSCT scores indicates better inhibition
ability, thus to remain consistent with the other cost measures, the scores were inverted so
that a higher score signifies poorer ability. Another comparison was also conducted
between the incongruent condition of the Stroop task, the colour-word (CW) section, and

the RT inhibition cost, as these both assess inhibition performance.

For shifting ability, a paper-and-pen based trail making test (TMT) (Reitan, 1992) and a
computerised task switching task (Rogers & Monsell, 1995) were analysed. The shifting
tasks, TMT (global switch) and task switching test (mixing, local and global switch), was
assessed through comparison of the RT shifting costs. Error rates were not assessed because

only individuals who produced errors less than three are included in the performance
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analysis of the TMT as instructed by the test. However, the shifting cost error rates of the

task switching task were compared during the cross-correlation assessments.

For updating, a paper-and-pen based backward digit span test (BDS) (Baddeley & Hitch,
1974), and a computerised spatial n-back task were evaluated (P. T. Griffin & Heffernan,
1983; Jaeggi et al., 2010; Kirchner, 1958). The accuracy rate measure of the BDS was
compared with the updating costs (3-back measure minus the 0-back measure) of the n-
back task RT, and the error rates of both tasks was compared also. The BDS test only records
the score of the correct number of span lengths the participants generate, thus these
variables could only be considered. Technically, it would have been more logically to have
also used the span updating cost, calculated by subtracting the score of the forward digit
span test (FDS) from the BDS test score. However, the participants were not assessed with

the FDS test.

4.2.3 Statistical Analysis
Correlation analyses were conducted in the Statistical Package for Social Sciences (SPSS),
version 26.0.0.0 (IBM SPSS Statistics, IBM Corp, Armonk, NY) using Pearson’s coefficient on

the raw data of the tasks.
All analyses were conducted on the young and older adults separately.

A power analysis using the G*power computer program (Erdfelder et al., 2009; Faul et al.,
2007) indicated that a total sample of 29 participants, at least 15 in each of the groups,
would be required to detect medium effects (d = 0.50) with 80% power using the

independent t-test between means with alpha at 0.05.

4.3 Results

4.3.1 Demographics
Please refer to section 3.3.1 for demographic detail on the young and older adult group of

participants.
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4.3.2 Analysis

4.3.2.1 Dual-tasking

The results of the DT correlation analysis are presented in Table 4.1. [Please note that

although data from 28 (two incomplete) young adults and 25 older adults was used, SPSS

only correlates between available data for each participant. For example, TEA versus PRP

data from participant A. If participant B only has TEA data, it was not analysed.]

Table 4.1. Dual-task correlations

Test comparison Young Adults Older Adults
n Pearson p-value n Pearson p-value
coefficient, r coefficient, r
TEA A DT accuracy rate
-0. .702 . .
(%) vs PRP A DT RT (ms) 0.89 0.70 0.03 0.903
TEA A DT error rate (%)
vs PRP A DT error rate -0.02 0.918 0.31 0.201
(o)
(T/EO)A C DT accuracy rate 21 19
(%) vs PRP V DT RT (ms) -0.02 0.925 -0.27 0.269
TEA C DT error rate (%)
vs PRP V DT error rate 0.03 0.905 0.538 0.017
(%)

TEA — Test for Everyday Attention, PRP — Psychological Refractory Period paradigm, A - auditory task,
C - telephone search code count task, DT — dual-task, RT — reaction rate, V - visual task.

Significance was only found with the older adults between the mean values of the TEA

telephone search error rate and the PRP visual DT error rate, see Figure 4.2. Thus, this

finding suggests this group performed similarly in their accuracy during the visual tasks of

both DTs.
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Figure 4.2. Correlation between the TEA telephone code search DT error rate (%) and the PRP visual
task DT error rate (%) in the older adults.

4.3.2.2 Inhibition

The results of the inhibition correlation analysis are presented in Table 4.2.

Table 4.2. Inhibition correlations

Test comparison Young Adults Older Adults

n Pearson p-value n Pearson p-value

coefficient, r coefficient, r

stroop interference -0.30 0.156 -0.09 0.670
score vs HSCT score
Stroop interference
score vs HSCT RT cost 24 -0.03 0.880 23 -0.04 0.873
(%)
Stroop CWvs HSCTRT 0.07 0.733 -0.05 0.829
cost (%)

No positive correlation of the derived task scores from both the Stroop and HSCT tasks, as
well as between the raw data was found. In this instance, the tasks measurements, the
method of calculation of the outcome measures, and possibly their underlying cognitive

process may be too dissimilar for a fair correlation to be found.

4.3.2.3 Shifting

The results of the shifting correlation analysis are presented in Table 4.3.
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Table 4.3. Shifting correlations

Test comparison Young Adults Older Adults
n Pearson p-value n Pearson p-value
coefficient, r coefficient, r

TMT RT shifting cost

(ms) vs TS local shift RT | 17 -0.33 0.200 18 0.01 0.980
shifting cost (ms)

TMT RT shifting cost

(ms) vs TS mixing RT 17 0.19 0.477 18 -0.21 0.405
shifting cost (ms)

TMT RT shifting cost

(ms) vs TS global shift 18 0.08 0.741 18 -0.14 0.578

RT shifting cost (ms)

TS - Task switching.

No significant correlations in the shifting RT costs between the TMT and all the task
switching task shifting types, particularly the global shift which is considered the most

comparable measure, in both the young and older adults was observed.

4.3.2.4 Updating

The results of the updating correlation analysis are presented in Table 4.4.

Table 4.4. Updating correlations

Test comparison Young Adults Older Adults
n Pearson p-value n Pearson p-value
coefficient, r coefficient, r
N-back RT cost (ms) vs
BDS accuracy rate (%) -0.18 0.367 -0.17 0.448
N-back error rate cost 26 23
(%) vs BDS error rate 0.06 0.768 0.13 0.561

(%)

As with inhibition and shifting, no positive correlations were seen between the BDS test and

n-back task in the young and older adults.

4.3.2.5 Additional Correlation Analysis
In further assessing correlations between the EF tasks, additional cross-correlation analysis
between different EFs was conducted for significant positive correlations. The results of the

analysis are presented in Table 4.5.
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Table 4.5. Cross EF Correlation. 208 cross correlation analysis between all the task measures used in
section 4.3.2, with the inclusion of the three task switching task error rate measures, was performed
in both age groups. Only the significantly positive correlations are presented in this table.

Test comparison

Young Adults

Older Adults

Pearson
coefficient, r

p-value

Pearson

coefficient, r

p-value

BDS error rate (%) vs
HSCT score

26

0.40

0.044

TEA A DT accuracy rate
(%) vs TS local shift
error rate shifting cost
(%)

23

0.44

0.037

HSCT score vs TS global
shift RT shifting cost
(ms)

25

0.47

0.018

TS mixing RT shifting
cost (ms) vs TEA A DT
accuracy rate (%)

23

0.44

0.037

TS local shift error rate
cost (%) vs TS global
shift error rate shifting
cost (%)

26

0.77

<0.001

TS local shift error rate
cost (%) vs PRP A DT
error rate (%)

23

0.61

0.002

TS local shift error rate
shifting cost (%) vs PRP
V DT error rate (%)

23

0.72

<0.001

TS mixing RT shifting
cost (ms) vs PRP A DT
RT (ms)

23

0.44

0.023

TS mixing RT shifting
cost (ms) vs PRP V DT
RT (ms)

23

0.59

0.003

TS global shift RT
shifting cost (ms) vs
PRP A DT RT (ms)

23

0.51

0.014

TS global shift error
rate shifting cost (%) vs
PRP A DT error rate (%)

23

0.47

0.025

TS global shift RT
shifting cost (ms) vs
PRP V DT RT (ms)

23

0.59

0.003

TS global shift error
rate shifting cost (%) vs
PRP V DT error rate (%)

23

0.59

0.003
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TS local shift RT shifting
cost (ms) vs PRP A DT
error rate (%)

23

0.61

0.002

TS local shift error rate
shifting cost (%) vs PRP
V DT error rate (%)

23

0.72

<0.001

BDS error rate (%) vs
TMT RT cost (%)

19

0.48

0.040

BDS error rate (%) vs
Stroop CW

25

0.63

0.001

BDS error rate (%) vs
Stroop interference
score

25

0.40

0.045

TMT RT cost (%) vs
Stroop CW

19

0.49

0.033

TEA A DT error rate (%)
vs Stroop CW

20

0.59

0.007

TEA A DT error rate (%)
vs Stroop interference
score

20

0.46

0.041

TEA C DT error rate (%)
vs TS global shift error
rate shifting cost (%)

18

0.65

0.004

HSCT RT cost (ms) vs
PRP A DT RT (ms)

21

0.46

0.036

HSCT RT cost (ms) vs
PRP V DT RT (ms)

21

0.45

0.041

N-back RT cost (ms) vs
TS local shift error rate
shifting cost (%)

23

0.45

0.033

N-back error rate cost
(ms) vs TS mixing RT
shifting cost (ms)

21

0.51

0.018

N-back error rate cost
(ms) vs PRP ADT RT
(ms)

20

0.53

0.015

N-back error rate cost
(ms) vs PRP V DT RT
(ms)

20

0.49

0.029

TS mixing error rate
shifting cost (%) vs PRP
A DT error rate (%)

20

0.55

0.013

TS global shift error
rate shifting cost (%) vs
PRP A DT error rate (%)

20

0.61

0.004
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Fifteen significant cross correlations were observed in both age groups but between
different task pairs. These correlations may relate to the issue of task impurity, in that one
or more EF process was utilised during task completion of a specific EF. Similarly, the
concept of an underlying cognitive component between the EFs, such as the theory of the
unity and diversity of EFs suggested by Miyake, Friedman, et al (2000), may be the cause of

these large number of significant correlations.

Additionally, the differences in these cross correlations between the ages may also highlight
an age effect, as reported by Glisky et al (2020). It was explained that ageing causes
decreased efficiency in the processing of EFs, resulting in the reallocation of limited
resources to enhance performance. As observed with the DT correlation in the older adults
and not young adults, in that the EFs have changed in structure due to the ageing process,
where EFs have started to merge, resulting in a difference in the correlation between tasks.
However, this same pattern might also occur with the assessment of a second independent

young adult sample, as these correlations might be due to random variation.

Nonetheless, as only a single correlation was observed between task measures of the same
EF in the older adults, and none in the young adults, these significant cross correlations may
possibly be false positives, as there is a 5% possibility of these correlations occurring. This
would account for 10 of the 15 significantly positive correlations observed in both age

groups.

4.4 Discussion

This first study aimed to examine if any of the four separate pairs of EF tasks correlated in
their examination of their intended EF, i.e. DT, inhibition, shifting and updating. Insignificant
positive correlations were observed between all the EF pairs in the young adults age groups.
Whereas in the older adults, a positive significant correlation was observed between the DT
error rate measures for the visual tasks, specifically the TEA telephone code search count
and PRP visual task. Thus, implying that performance of this DT condition was comparable,
in that the participants recruited similar cognitive processes to complete the task, i.e.
differentiate between numbers in the PRP and the visual scanning for a particular symbol
and number combination, as with the TEA subtest. However, as the correlation was only

observed in the older group, an age effect is suggested, i.e. dedifferentiation and neural
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reorganisation, as EFs become less distinct because of merging in older individuals, causing
reduction of selectivity of responses, resulting in more homogenous responses (Grady,
2012). Possibly highlighting the change and reallocation of cognitive processes in older

adults. Although it is unknown why this was the only association observed.

Moreover, significant positive correlations may have also been seen in the auditory
condition of the DTs by comparing the cost measures as the cognitive processes utilised in
the performances are similar, if not identical. However, this was not possible because the

TEA tasks were not performed as STs in the young adults.

Whilst there was no sizable correlation between the tasks assessing the same EF,
particularly in the young adults, it does not necessarily infer that the tasks did not efficiently
assess their intended EF, as they may have been examining different aspects of the same EF.
As with inhibitory control, the Stroop interference measure assesses the disruptiveness of a
stimulus which is not required for the active suppression of thought (Borella et al., 2009;
Diamond, 2013; Friedman & Miyake, 2004). It largely relies on the notion that reading is an
automatic process and therefore participants tend to read words instead of the colour of
the words during the incongruent section of the task. Whereas the HSCT entails response
inhibition and cognitive inhibition for the suppression of active processes to stop or limit
irrelevant information from entering WM (Borella et al., 2009; Diamond, 2013; Friedman &
Miyake, 2004). Including relying on the knowledge of how sentences are formed and how to
make them comprehensible, so when presented with a sentence, the missing word is
familiar and automatically available in memory. Similarly, with updating, the tasks utlilised
different measures in their assessment of updating. The BDS task is a WM span task that
requires individuals to temporaily store previously verbally presented information and
immediately recall, with the span increasing every two performances, until a span of eight
digits. Measuring performance accuracy only. However, the n-back task examines speed and
accuracy. Participants perform a number of trials of the same condition for a period of time
before proceeding to the next n-back condition, in this case up to 3-back. Thus, although
both require the temporary storage of information in WM, the BDS test is much shorter and
easier to administer. Accordingly, in the performance of the BDS, participants are required
to listen, pay attention, use short-term memory (STM), manuipulate the information in STM,

and recall. Whereas the n-back task requires attention, visuospatial sequencing,
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psychomotor speed, in addition to the use of STM, manuipulation of the information is STM,

and recall.

Alternatively, perhaps only one of the tasks may have actually been assessing the EF in
guestion, however, it is unknown which of the tasks was ‘correct’. Similarly, possibly neither
task may have actually examined the EF at all which would greatly impact correlation
analysis studies. Thus, the assessment of more than two tasks per EF would strengthen such
comparison studies (Miyake, Friedman, et al., 2000). Nevertheless, it is impossible to
determine if more positive correlations may exist with larger sample sizes, and doubtful a

huge effect would be observed.

Furthermore, variations in the requirement and measures of EF tasks assessing the same
construct questions how these tasks and EF abilities can be likened between studies and
participant groups. The stimuli used for the tasks may further impact how a task is
performed by different participant groups, such as between digits and images, or auditory
stimuli versus non-auditory. Thus, improved task methods or the choice of stimuli may

increase positive significant correlation between tasks.

Nonetheless, further correlation analysis yielded a substantial amount of significant positive
associations between the four EFs tasks assessing different EF ability, indicating that the
study design was sufficiently powered. The large proportion of null-findings observed with

the age groups with tasks assessing the same EF ability suggested lack of statistical power.

These significant cross correlations might be due to task impurity or the concept of a mutual
underlying EF factor, ‘unity’ as suggested by Miyake, Friedman, et al (2000). For instance, in
the young adults, significant positive correlations were found between the TEA DT auditory
accuracy rate and the task switching local shift error rate shifting cost (r = 0.44), and the
mixing RT shifting cost (r = 0.44), i.e. shifting. Whereas in the older adults, the TEA auditory
DT error rate correlated with the Stroop CW (r = 0.59), and Stroop interference score (r =
0.46), i.e. inhibition, as well as between the TEA telephone code search error rate and the
the task switching global shift error rate shifting cost (r = 0.65), i.e. shifting. The higher
correlation coefficients and more correlations (3 in comparison to 2) in the older adults

indicate an age effect also.
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Of note is that the Stroop task measures failed to correlate with any of the other EF task
measures in the young. Whereas in the older group, in addition to the TEA measures, the
Stroop CW further correlated with the TMT RT cost shifting measure (r = 0.49), and BDS
error rate updating measure (r = 0.63), and the Stroop interference score correlated with
the BDS error rate measures (r = 0.40). Thus, the ability of inhibition may have increased
involvement in older individuals as suggested by the inhibition-deficit hypothesis (Hasher &
Zacks, 1988; Lustig et al., 2007). It states that impairment in inhibition is the primary source
of age-associated deficits reported in the performance of numerous cognitive tasks,
especially those involving WM (Campbell et al., 2020; Hasher et al., 2008). Gilsoul et al
(2019) also reported inhibition partly mediated the effect of ageing in DT, shifting, and
updating.

In summary, although no significant positive correlations were observed in the young adults,
and only a single positive association was found in the older adults in the tasks assessing the
same EF, the large proportion of cross correlations amongst both groups indicated the study
had significant statistical power. The correlation in the older adults may be due to

dedifferentiation and neural reorganisation as a consequence of cognitive ageing.

The reasons for the amount of cross correlations found may include, false positives, task
impurity, or as discussed in Chapter 3, be attributed to the concept of unity amongst EFs,
namely that inhibition, shifting, and updating, possess some common underlying factor as
proposed by Miyake, Friedman, et al (2000). In addition, the inhibition specific task, Stroop
measures, correlated with all the other three EF task measures in the older adults only,
which is in line with the inhibition-deficit hypothesis of inhibition being the cause of age-

related performance deficits.

4.5 Methods - Study 2, Confirmatory Factor Analysis (CFA)

4.5.1 Participants

For the CFA, due to the software used not allowing for missing data, only participants that
completed all the task pairs successfully were analysed. Hence, the task measures of 12
young adults (3M/9F), aged 18-31 years (mean of 21.50, SD 3.90), and 15 older adults
(6M/9F), aged 60-84 years (mean of 71.67, SD 6.90) were used.
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As stated in Chapter 3, participants who did not perform within 3.0 SD above or below the
group mean in the individual tasks or generated an error rate of 50% or more in the PRP

task, or 60% or more in the TEA task, were removed from analysis.

4.5.2 Procedure and Assessments EF

See section 4.2.2.

4.5.3 Statistical Analysis
Following z-score transformation to normalise the measures, CFA was completed in SPSS

AMOS, version 26 (IBM SPSS Statistics, IBM Corp, Armonk, NY).

CFA goodness-of-fit was evaluated with the chi-square (x?) value, Akaike’s Information
Criterion (AIC), and Root Mean Square Error of Approximation (RMSEA), calculated within
AMOS. Insignificant x? values (Byrne, 1998), low AIC values, and RMSEA values below 0.05
are considered good indicators of a good fit of the observed data to the model (Hull et al.,
2008; MacCallum & Austin, 2000). x? and AIC values signify the degree of difference

between the observed and predicted covariance matrices.

All analyses were conducted on the young and older adults separately.

4.6 Results

4.6.1 Demographics
The groups’ age difference was confirmed by an independent t-test, t(25) =-22.42, p <

0.001. There was no difference in the gender composite, x?(1) = 0.675, p = 0.411 (n=27).

4.6.2 Analysis
The z-score data from 12 young adults and 15 older adults was analysed. Table 4.6 shows

the descriptive statistics for the EF task measures of both groups.

Table 4.6. Descriptive statistics of CFA sample

Task Group Mean (SD) Range Skewness Kurtosis
TEAADT Young 92.50
70-100 -1.15 0.13
accuracy rate (%) (10.55)

Page 153 of 359



Old 93.33
(11.75) 60-100 -1.98 3.82
TEA A DT error Young 7.50 (10.55) 0-30 1.15 0.13
rate (%) old 6.67 (11.75) 0-40 1.98 3.82
TEACDT Young 78.43
accuracy rate (%) (16.32) 47.06-100 042 048
old 78.82
(12.14) 58.82-94.12 -0.34 -0.99
TEA CDT error Young 21.57
rate (%) (16.32) 0-52.94 -0.42 -0.48
Old 21.18
(12.14) 5.88-41.18 0.34 -0.99
PRP A DT RT (ms) Young 1075.70 635.62-
(476.70) 1884.32 0.87 1.14
old 1141.74 765.66-
(315.72) 1848.95 1.21 1.22
PRP A DT error Young 11.17
rate (%) (11.26) 00.00-32.00 0.86 -0.78
old 1.33(2.23) 00.00-8.00 2.21 5.44
PRP V DT RT (ms) Young 1292.67 699.36-
(532.42) 2119.59 0.65 1.35
old 1475.05 1003.71-
(334.43) 2219.00 0.86 0.50
PRP V DT error Young 7.33 (6.89) 2.00-20.00 0.90 -0.82
rate (%) old 2.13(2.33) 00.00-8.00 1.43 1.95
Stroop Young 51.50
interference (14.07) 23.00-68.00 0.93 0.31
score Old 64.87 (9.86) | 44.00-88.00 0.33 2.03
Stroop CW Young -8.42
(14.23) 33.00-11.00 0.52 0.69
Old 4.80 (7.41) -7.00-23.00 1.06 1.56
HSCT score Young 4.83 (1.59) 3.00-8.00 0.82 -0.26
old 5.27 (1.58) 4.00-9.00 1.12 0.46
o)
HSCT RT cost (%) Young 12.42 -14.00-51.00 0.97 -0.55
(21.51)
old 33.73
(21.41) 00-61.00 -0.28 -1.34
TMT RT shifting Young 33.50
cost (ms) (19.64) 13.00-82.00 1.50 2.45
Old 24.60
(12.32) 7.00-50.00 0.35 -0.57
TS local shift RT Young 62.03 -27.08-
shifting cost (ms) (67.98) 166.82 0.01 -1.48
old 186.06 -86.74-
(191.14) 662.46 1.06 1.51
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@A AR
rBaDtZ ?%uracv Young (ig:g;) 35.71-85.71 0.31 -0.07
Old ég:?é) 35.71-100 0.45 -1.25
:302)5 error rate Young (ig:éz) 14.29-64.29 031 -0.07
Old (‘2“2):‘7‘(8)) 00-64.29 -0.45 -1.25
zun;t;?ck RT cost Young (115459542) 'ggi:gi' -0.07 -1.13
CNc;Eta(COI/Z)error rate Young (‘113:(2)3) 25.00-62.50 0.03 0.29
Old ((152:(5)2) 32.25-91.25 0.28 0.04

The common EF loading factor model was investigated in both age groups with the use of
the error rate measures of PRP visual DT and the TEA telephone code search tasks for DT,
the test scores of the Stroop task and HSCT for inhibition, the RT shifting cost measures of
the TMT and the task switching task global shift for shifting, and the error rate of the BDS

task and the error rate cost of the n-back task for updating.

The model proved inadequate for the young adults as the iteration limit of the analysis was
reached. The loading and correlation analysis was deemed invalid, indicating no common EF
factor existed with the measures for this group. The x?> goodness of fit test was x%(20) =

32.09, p = 0.042, AIC = 64.09, and RMSEA = 0.23.

A better adequate fit was observed with the older adults with both the x2 and RMSEA tests
showing adequacy, x*(20) = 20.71, p = 0.415, and RMSEA = 0.05. (AIC=52.71.) The
standardised loadings of the EFs are presented in Table 4.7. All the loadings were
statistically insignificant. The results suggest an age-associated change in the structure of

the EFs may have occurred, becoming more similar. Also, the PRP DT factor loaded the
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highest (> 0.7) and strongly for the common factor, while the two inhibition measures

loaded the smallest.

Table 4.7. Older adults standardised common EF loading

Loading Estimate
PRP <--- EF | 0.972
TEA <--- EF | 0.528
HSCT <--- EF | -0.152
Stroop <--- EF 0.081
TS <--- EF | 0.639
TMT <-- EF | -0.020
N-back <--- EF 0.472
BDS <--- EF 0.190

The factor loading between the four EFs was explored. With the use of the task measures
employed in the common EF factor analysis above, shifting failed to load in the young
adults. In the older adults, the model reached iteration limit, so was not considered.
However, following replacement of the task switching task global shift RT cost with the local

shift RT cost, four-factor models were observed.

The model proved adequate for the young adults with the x? goodness of fit test, x?(14) =
19.65, p = 0.142. (AIC = 63.65, and RMSEA = 0.19.) A better fit was observed with the older
adults with both the x2 and RMSEA tests showing adequacy, x?(14) = 11.26, p = 0.666, and
RMSEA = 0.00. (AIC = 55.26.)

The standardised loadings of the EFs for each group are presented in Table 4.8. The data
shows the PRP factor loaded strongly with the young adults, whereas the TEA and task
switching task factors loaded strongly in the older adults. Nevertheless, all the loadings were

insignificant.

Table 4.8. Standardised EF loadings

EF Loading Estimate
Young adults
PRP <--- DT 1.159
TEA <--- DT 0.432

HSCT <--- Inhibition 0.394
Stroop <--- Inhibition | -0.877
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EF Loading Estimate
TS <--- Shifting 0.348
TMT  <--- Shifting -1.194
N-back <--- Updating 0.562
BDS  <--- Updating | -0.413

Older adults
PRP <--- DT 0.540
TEA <--- DT 0.959

HSCT <--- Inhibition 0.434
Stroop <--- Inhibition | -0.396
TS <--- Shifting 0.685
TMT  <--- Shifting -0.308
N-back <--- Updating 0.241
BDS <--- Updating 0.276

The remaining EFs loaded either low, i.e. weakly, or negatively.
The loadings of cross-correlation between the EFs were further assessed, see Table 4.9.

Table 4.9. Cross-correlations loading of the EFs

Loading correlations Estimate

Young adults

DT <--> Inhibition | 0.220
Inhibition <--> Shifting 0.486
Shifting <--> Updating 0.455

DT <--> Shifting -0.421
Inhibition <--> Updating | -0.597
DT <--> Updating -1.034
Older adults

DT <--> Inhibition | -0.264

Inhibition <--> Shifting 0.117
Shifting  <--> Updating | -0.844

DT <--> Shifting 0.738
Inhibition <--> Updating | -3.064
DT <--> Updating 1.241

No substantial correlation was found with the young adults. To determine if DT loaded
independently from inhibition, shifting, and updating as reported by Miyake, Friedman, et al
(2000), a three-factor model CFA was conducted. This model was considered adequate

following review of the x> and RMSEA values, see Table 4.10. However, no significant strong
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standardised EF loadings were observed. The highest estimate was seen with the HSCT
measure for inhibition, 0.425. Similarly, there was no significant correlations between the
three EFs: between inhibition and shifting the estimate was 0.262, inhibition and updating

was -0.898, and shifting and updating was 0.044.

Thus, as there were no significant correlations in either the three- or four-factor models,

either model may be considered.

In the older adults, strong but insignificant associations were observed between DT and

shifting (0.738), and between DT and updating (1.241).

A three-factor model was assessed without DT as with the young, and without inhibition
based on the strong correlation loadings between DT, shifting, and updating, Table 4.10 for

their model adequacy.

Table 4.10. Additional goodness of fit models

Model Group | df X2 p AIC | RMSEA
Three-factor
Inhibition- Shifting- Young | 6 395 | 0.684 | 33.95 0.00
Updating
Three-factor
Inhibition- Shifting- Older | 6 0.85 | 0.991 | 30.85 0.00
Updating
Three-model
DT- Shifting-Updating Older | 6 8.57 | 0.199 | 38.57 0.18

With the inhibition-shifting-updating model, there were no strong standardised loadings,

although the strongest loading was observed this time with the BDS measure for updating
0.421. While the HSCT measure for updating loaded second strongly, 0.393. No significant
correlations were found between the EFs, between inhibition and shifting the loading was

0.623, inhibition and updating was -2.605, and shifting and updating was -1.001.

With the DT-shifting-updating model, stronger but insignificant standardised loadings were
observed, particularly for DT with the TEA measure, 1.153, and shifting with the task
switching task local shift measure, 0.926. A strong insignificant correlation loading was
observed between DT and updating, 1.133. Thus, a two-factor model may be considered

with the older adults, DT/updating-shifting.
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However, it is clear from the goodness of fit analysis, that the inhibition-shifting-updating

model is a more acceptable model.

4.7 Discussion

CFA was conducted to examine to what extent the four EFs were separable or utilised the
same underlying construct by employing a common EF model to explore how similar the
task measures loaded. A four-factor model containing the four task pair factors proposed by
Miyake, Friedman, et al (2000) was also employed to investigate the correlation loadings

between the separate EFs in both age groups.

The lack of commonality in the loadings of the measures during the common EF factor
analysis in the young adults but not in the older adults may support the theory of the
structural change and merging of EFs as a consequence of ageing. Furthermore, and
surprisingly, the inhibition measures loaded the smallest (one low and one negatively). This
is in contradiction to the inhibition-deficit hypothesis (Hasher & Zacks, 1988; Lustig et al.,
2007), which considers inhibition the main source of age-associated deficits observed during
the performance of numerous cognitive tasks, particularly those involving WM (Campbell et

al., 2020; Hasher et al., 2008; Koch et al., 2010; Persad et al., 2002).

Similarly, the weak four-factor model observed with the young adults when the four EFs
task pair measures were analysed may further confirm EFs are more independent in
younger individuals. There was relatively low and insignificant loading of the task measures
to their specific EFs, except for the PRP measure for DT, and during correlation analysis.
Whereas in the older adults, strong insignificant EF loadings were observed with the TEA
measure for DT, and between DT and shifting, and DT and updating. Following three-factor
model analysis, a two-factor model was proposed DT/updating-shifting, as there was an
insignificant strong association with DT and updating. Inhibition did not load strongly with
the other three EF measures so was removed. This is similar to finding reported by Hull et al,
(2008). However, as the sample used in the CFA consisted of only the participants that
successfully performed all the task pairs correctly, inhibition may not have been affected by

age as with the other sample used in the correlation analysis. Still, the goodness of fit
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analysis of the inhibition-shifting-updating model, makes it a more appropriate model for

the older adults.

The findings of the young adults is in agreement with the findings reported by Bock et al,
(2019), with mostly weak loadings for the task measures and correlations. In the older
adults, though insignificant in this analysis, a two-factor model has also been more
frequently reported (Bettcher et al., 2016; Hedden & Yoon, 2006; Hull et al., 2008) in
comparison to three-factor and the less studied four-factor models. This difference suggests
an age effect which may be attributed to age-related neural reorganisation and
dedifferentiation (Koen & Rugg, 2019). Resulting in larger brain areas being employed in
older adults to accomplish a given task, leading to increased overlap of regions and/or
different brain areas being activated (Cabeza et al., 2018; Grady, 2012) (this is elaborated
upon in the next chapter). An age effect was similarly reported by Glisky et al (2020) who
found a three-factor model in the young, but a two-factor model of increasing strength from

young-old to older adults. The diversity of the EFs became more unified with advanced age.

A novel finding of this CFA was the EF correlations in the older adults. No other study has
reported a two-factor model consisting of DT. Thus, the diversity of these findings may be
due to the use of different EF tasks as all tasks use combinations of different executive
processes during performance. Resulting in the identification of shared processes less
probable, affecting the strength of the correlations between factors. Nevertheless, the
inhibition-shifting-updating model as reported by Miyake, Friedman, et al, (2000) was found

to be more applicable.

Still, all the findings observed in the study were insignificant, which could be due to the
small number of participants in each group <20 in comparison to other factor studies with
much larger groups, Ns > 40 (Bettcher et al., 2016; Bock et al., 2019; Hedden & Yoon, 2006;
Hull et al., 2008; Miyake, Friedman, et al., 2000; Vaughan & Giovanello, 2010). Also, this
study only compared two task measures for each factor, it may have been beneficial to have

employed an additional task for each EF.

In summary, the results of the factor analysis are promising, and the loadings observed,

particularly in the two-factor model in the older adult group, may become significant with a
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substantial number of participants. Most importantly, the loadings between the EFs seem to
be more diverse in the young adults, loading weakly or not at all, whilst in the older adults,

there were stronger associations observed.

4.8 Conclusion

To conclude, the findings presented in this chapter show there to be a correlation issue of
EF tasks alleging to be measuring the same construct. The absence of significant correlations
in all four EF pair tasks in the young adults demonstrates the inconsistency of these tasks.
Although the single significant positive correlation observed in the older adults between the
DT error rate measures of the visual tasks provides possible evidence for the effect of
dedifferentiation and reorganisation. Supplementary research is thus needed to fully
understand precisely what such tasks are assessing, and the necessity for researchers to be
mindful in their selection of EF tasks. Researchers should not take it for granted that all tests

which claim to assess a certain EF may be used interchangeably.

The CFA further showed mostly lack of loading of the EF variables between and across the
EFs in the young adults. An age-associated effect was shown in the older adults, larger

loadings were found in comparison to young adults, specifically in the correlation loadings
between DT and shifting, and DT and updating, although all were insignificant. It indicates

that the diversity of EFs decreases with age.

Therefore, it is important to perform such correlation and factorial-analytic research on
various age groups, as performed here, and with larger sample sizes, as cognitive ageing,
(and possibly clinical conditions) may account for lack of significant correlations between
tasks and the loading of shared and diverse executive processes. The inclusion of additional

tasks in both analyses may add value to the observed findings also.
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Chapter 5, Neuroanatomy and Neural Networks of Executive
Function Abilities and Cognitive Decline, A Literature Review

5.1. Introduction

As a consequence of ageing and neuropathological conditions, the brain typically undergoes
numerous anatomical changes resulting in reduced gray matter (GM) and/or white matter
(WHM) integrity, causing dysfunction of neural activity. However, the region(s) of the brain
affected, and the degree of change(s) differs between individuals and by condition (Maillet
& Rajah, 2013; Raz et al., 1998). The prefrontal cortex (PFC), the region associated with
executive functions (EFs), is known to be heavily affected (Zanto & Gazzaley, 2019).
Anatomical changes of the PFC may result in alterations in behaviour and decline in
cognitive ability and performance of everyday tasks, displayed through cognitive assessment
with tests like the mini-mental state examination (MMSE) (Folstein et al., 1975), and with
the completion of EF tasks, as described in Chapter 3 of this thesis (Kirova et al., 2015;
Mokhber et al., 2019). Furthermore, due to the structural changes of the brain, activity of
the neural networks to and from the PFC is compromised, resulting in either their over- or
underactivity, or in the enlistment of new networks to compensate for the structural

changes and/or death of brain tissue (Abdulrahman et al., 2017; Cabeza et al., 2002).

Thus, in this chapter, the function of the PFC and its neural networks is first described
before a detailed review regarding how cognitive ageing and neurodegenerative conditions
impact these networks. This is followed by a review of magnetic resonance Imaging (MRI)
literature of EFs, with emphasis on the cognitive abilities dual-tasking, inhibition, shifting,
and updating, and how neuroanatomical deterioration as a consequence of ageing, mild
cognitive impairment (MCI) and Alzheimer’s disease (AD) affects these processes. The
behavioural studies presented in Chapter 3 were originally planned to also include MCl and
AD participants, however due to the COVID-19 pandemic this could not be accomplished.
Similarly, a neuroimaging study testing all the above-named participant groups was also
planned, hence, some secondary neuroimaging data, provided by the OASIS-3 study

(LaMontagne et al., 2019) of these groups are analysed in the following chapter.
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5.2. The Prefrontal Cortex and its Neural Networks

The PFC is thought of as the central site of our cognitive ability, connecting with networks
spanning the remaining brain. It is composed laterally of the orbitofrontal gyrus (OFG),
inferior frontal gyrus (IFG), middle frontal gyrus (MFG), superior frontal gyrus (SFG), and
precentral gyrus (PCG) separated by the inferior frontal sulcus (IFS), superior frontal sulcus
(SFS), and precentral sulcus (PCS). Medially, it contains the cingulate gyrus (CG) and the
cingulate sulcus (CS) (Ulmer et al., 2015). Please see Figure 5.1 for a representation of these
regions and the rest of the brain structural regions. These structures are further divided into
the subregions referred to as the orbitofrontal PFC (OFC), dorsolateral PFC (DLPFC),
dorsomedial PFC (DMPFC), ventrolateral PFC (VLPFC), ventromedial PFC (VMPFC), and the
cingulate cortex. Please refer to Chapter 1, Figure 1.3 for a visual representation and
detailed discussion in section 1.3.2. In sum, these regions are involved in the processing of
several EF functions, working independently or with one or more brain regions to

accomplish a task, through neural networks.
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Figure 5.1. The Gyri and Sulci of the left hemisphere of human brain. The first figure represents the
lateral view of the brain, and the second, the medial view (Operative Neurosurgery, 2019).

The PFC itself is responsible for the controlling and monitoring of many of the neural
networks in other cortical and subcortical regions. First by receiving neural signals via input
projections referred to as ‘bottom-up’ signals via afferent networks located within brain
regions including the parietal and temporal lobes. In particular, the cingulate cortex,
hippocampus, substantia nigra, thalamus, and medial dorsal nuclei (Collette et al., 2006).
These networks relay information from low-level cognitive sensory processes, i.e. auditory
input from language and/or sounds, and visual input from letters, words, digits, sentences,
faces and/or scenes, to the PFC (D’Esposito & Postle, 2015). Thus, the PFC relies on
environmental stimuli to influence thought and decision-making. An example of this is the

limbic network (Mezzacappa, 2011), which will be discussed in the next section.

Secondly, the PFC sends command signals, output projections known as ‘top-down’ signals
via efferent networks (Funahashi & Andreau, 2013; Sarter et al., 2001). These networks
work on the basis of prior knowledge and thought to influence how an individual perceives
and understands the environment. These efferent pathways originate from the PFC and
connect with cortical and subcortical structures including the amygdala, basal ganglia,

hypothalamus, septal nuclei, and the medial dorsal nuclei within the thalamus, amongst
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others, as seen in Figure 5.2. A large part of these neural networks connecting the parietal
cortex has been suggested to be associated with EFs. This is known as the fronto-parietal

network (Mezzacappa, 2011; Wallis et al., 2015), and will be discussed in a later section.

Thus, the PFCis regarded as the ‘central hub’ of the brain, receiving all forms of information,
such as sensory, internal, and environmental in an abstract form necessary for the execution
of action and behaviour, specifically for the completion of EFs. These include decision-

making, management of attention, and the control of emotional state.

- SN

sensory
cortices

--"

Seae

brainstem
arousal/reward
systems

Figure 5.2. A Simplified Representation of the Prefrontal Cortex Top-Down Pathways. These are
primarily conscious and intentional mental cognitive processes initiated at the level of the cerebral
cortex (Berridge & Arnsten, 2015).

5.2.1 The Fronto-Parietal Network

A prominent top-down network primarily implicated in the executive control of an array of
EF processes is the fronto-parietal network (Dixon et al., 2018; Marek & Dosenbach, 2018;
Mezzacappa, 2011). Frontally, the DLPFC is the central region, involved in the monitoring
and manipulation of cognitive processes, goal-directed behaviour, and adaptive decision-
making, through inhibitory control and resistance to interference. This occurs through

connections with the parietal cortex, especially the inferior parietal lobe, interior parietal
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lobule, interparietal sulcus, and superior parietal lobule, as well as the medial cingulate
cortex, striatum (basal ganglia) and thalamus (Barbey et al., 2013; Curtis & D’Esposito, 2003;
Harding et al., 2015; Mezzacappa, 2011; Postle, 2017; Rebecca, 2003; Suchy, 2009; Wallis et
al., 2015). Through the DLPFC connection with the superior parietal cortex, it is associated
with saccades and spatial attention, mental rotation, and working memory (WM) (Ptak et

al., 2017).

5.2.2 The Limbic Network

The PFC connections with non-frontal cortical areas such as the hippocampus and amygdala
in the limbic region of the medial temporal lobe (MTL) are essential for the active
organisation of memory content, emotional response regulation, mnemonic interactions,
and goal salience. In addition, the nucleus accumbens and the ventral tegmental area are
vital for incorporating cortical and limbic processes into goal-oriented behaviour (Cristofori

et al., 2019; Mezzacappa, 2011; Rabinovici et al., 2015).

5.2.3 Other PFC Associated Networks

The cingulo-opercular network is located between the fronto-parietal network and the
limbic network and functions by providing bidirectional communication between these
networks. Accordingly, structurally, the anterior cingulate gyrus (ACG), and the operculum
(the area along the lateral sulcus that contains sections of the inferior frontal, orbitofrontal,
inferior parietal, and superior temporal lobes) are implicated. Thus, it is thought to play a
critical role in cognitive control and decision-making by accounting for limbic network traits,
i.e. emotion, memory of cognitive processes (Coste & Kleinschmidt, 2016; Mezzacappa,

2011; Wallis et al., 2015).

The default mode network is implicated in self-generated thought and social cognition,
more precisely the ability to engage in social interaction and thought due to external and
internal sources of social information. The DMPFC, VMPFC, IFG, hippocampus, inferior
parietal lobe, lateral temporal cortex, and posterior cingulate cortex (PCC) are all involved in

its function (Mezzacappa, 2011; Spreng & Andrews-Hanna, 2015).
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5.3. Age-Associated Neuroanatomical Changes and Cognitive Decline

Ageing (as well as neurodegenerative conditions) causes the brain to undergo structural
changes. Evidence from imaging studies has indicated that the frontal cortex, primarily the
PFC, is more vulnerable to age-associated structural changes than posterior and subcortical
brain regions (Raz et al., 1997, 2005; Raz & Rodrigue, 2006; Salat et al., 1999, 2004;
Tisserand & Jolles, 2003a, 2003b). Also, the DLPFC, particularly important in the fronto-
parietal network, has been observed to be one of the earliest regions to begin deteriorating
(Barbey et al., 2013; Funahashi & Andreau, 2013; MacPherson et al., 2002; Mezzacappa,
2011; Nissim et al., 2017; Raz et al., 1998; Wallis et al., 2015; West, 1996). However, the
midbrain structures, the thalamus, caudate nucleus, and putamen of striatum, and the
temporal and parietal cortices have also been shown to be susceptible to age-associated
structural changes (Greenwood, 2000; Milham et al., 2002; Raz, 2000). These changes result
in the decline of an individuals’ cognitive ability, especially those occurring in the PFC, and
affect the neural networks associated with EFs. This process has been described in the
Frontal Lobe hypothesis of Neurocognitive Ageing (Dempster & Vegas, 1992; West, 1996),
and the Scaffolding Theory of Ageing and Cognition (STAC) (Park & Reuter-Lorenz, 2009;
Reuter-Lorenz & Park, 2014). Although, it has been suggested that a network-based theory
of cognitive ageing, examining age-associated effects on the neural networks across the
brain, should be considered as an alternative (Braver et al., 2001; Greenwood, 2000). Still,
structural changes are observed, which appear to cause less lateralised neural activation
brain patterns in older individuals in comparison to their younger counterparts during the
completion of a range of tasks (Cabeza et al., 2002). The causes of which will now be

discussed.

Neuroanatomical changes and the consequential changes in neural activity are thought to
be a result of a combination of factors. Structurally, these include the development of
neurofibrillary tangles (NFT), the accumulation of beta-amyloid proteins in cells leading to
their dysfunction, and the degradation of GM leading to brain atrophy. As well as increased
occurrence of WHM lesions resulting in the disruption of WHM integrity and reduced WHM
volume (Backman et al., 2006; Farokhian et al., 2017; Garnier-Crussard et al., 2020; Giorgio
et al., 2010; Gunning-Dixon et al., 2009; Gunning-Dixon & Raz, 2000; Liu et al., 2017; Raz,

2004; Salat et al., 1999). On the neural level these include reduction in the insulating myelin
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sheets of neurons, reduced neural specificity and synaptic loss, decreased levels of
dendrites, reduced metabolic activity, reduced neuronal size, and decreased responsiveness
of neurotransmitters. Plus neuronal death leading to diminished neural signals and reduced
intra- and inter- communication (Salehi & Swaab, 1999). So, it can be seen that advanced
age results in the deterioration of brain tissue and the subsequent neural networks it

contains.

In more detail, reduction of GM volume [the region of the central nervous system consisting
of cell bodies, dendrites, and axon terminals (Liu et al., 2017)], is believed to begin during
the twenties, continuing on a linear trajectory until our fifties before leveling off in later life
(Ge et al., 2002). GM regions are heavily interconnected with other brain regions, so volume
deficits lead to impairment in the transmission of information via WHM tracts, as these
regions are the information processing sites of the brain. GM loss has been reported to
occur predominantly in the PFC and regions heavily connected with it such as the striatum
and thalamus (Crivello et al., 2014; Farokhian et al., 2017; Giorgio et al., 2010; Ramanoél et
al., 2018; Tisserand et al., 2004; Tisserand & Jolles, 2003a, 2003b). Accordingly, age-
associated cognitive decline, particularly in attentional processes via the fronto-parietal
network has been reported (Koini et al., 2018; Ramanoél et al., 2018; Tisserand et al., 2004).
Similarly, decline in semantic memory, although relatively small, has been associated with
decreased GM integrity (Koini et al., 2018; Ramanoél et al., 2018; Tisserand & Jolles, 20033,
2003b).

Decline in WHM volume (the structures containing myelinated axons required for effective
transmission between cortical and subcortical areas, i.e. GM regions) occurs at a different
rate to GM (Liu et al., 2017; Xie et al., 2016). It increases during adulthood until the mid-
forties before deterioration commences at a significantly greater rate than seen with GM
(Cabeza et al., 2009; Ge et al., 2002; Miller & Corsellis, 1977; Salat et al., 1999; Salthouse,
2011a). Therefore, WHM is understood to be more susceptible to ageing. Reduced integrity
of the WHM tracts and an increased proportion of microlesions in the frontal cortex and the
corpus callosum results in increased disconnect in neural transmission with other cortical
and subcortical regions (d’Arbeloff et al., 2019; Gunning-Dixon et al., 2009; Harada et al.,
2013; Raz et al., 1998; Raz & Rodrigue, 2006). Such disconnect results in reduced processing

speed of information (Birdsill et al., 2014; Bolandzadeh et al., 2012; Gunning-Dixon et al.,
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2009; Gunning-Dixon & Raz, 2000; Madden et al., 2010; Raz, 2000; Raz et al., 1998; Salami et
al., 2012; Turken et al., 2008) which is largely observed as increase in response times (RTs)
of older adults whilst completing tasks in comparison to younger adults. As witnessed in the
behavioural study described in Chapter 3. Additionally, due to reduced WHM volume in the
hippocampus-fornix, decline in episodic memory has also been reported (Fletcher et al.,

2013; Gunning-Dixon & Raz, 2000; Persson et al., 2006).

Regarding changes in neural networks, of importance is the reduced distribution of
dopaminergic signaling in the PFC, and the depletion of dopamine receptors, especially in
the caudate and putamen of the dorsal striatum. Collectively it has been implicated in the
slowing of motor functions and decline in cognitive processes including EFs, particularly in
learnt reward behaviour (Backman et al., 2006; Band et al., 2002; Cabeza et al., 2009; Deary
et al., 2009; Grady, 2012; Head et al., 2008; Nyberg et al., 2012; Raz & Rodrigue, 2006; Zanto
& Gazzaley, 2019). Moreover, reduced dopamine distribution and its signaling in the

hippocampus has been linked to decline in episodic memory (Abdulrahman et al., 2017).

5.3.1 Consequences of Neuroanatomical Deterioration

Owing to the changes described in the last section, studies (Abdulrahman et al., 2017;
Cabeza et al., 2002; Grady, 2012; Grady et al., 2006; Grady & Craik, 2000; Koen & Rugg,
2019; Park et al., 2001; Park & Reuter-Lorenz, 2009; Reuter-Lorenz & Park, 2014; Rypma et
al., 2001; Rypma & D’Esposito, 2000) have indicated there to be a degree of loss of brain
function due to disruption to neural networks between brain regions in older adults,
especially those involving the PFC. It is assumed older individuals would have difficulty
performing tasks requiring the affected cognitive processes, particularly of high complexity,
in comparison to younger individuals, as decreased brain activity is associated with poorer
performance. However, this is not always the case. There is the concept of compensation,
where older individuals have been observed to have increased brain activity and/or greater
functional connectivity® in the same brain region or in a different region entirely, in
comparison to younger individuals. Three types have been theorised, compensation by

upregulation, by selection, and by reorganisation (Cabeza et al., 2018; Grady et al., 2016;

! the connectivity between brain regions that share functional properties.

Page 169 of 359



Phillips & Andrés, 2010). However, it is unknown under which circumstances which of these

processes is active.

Upregulation refers to the enhancement of the same neural processes in older adults
utilised by younger individuals when performing the same task(s). However, in younger
individuals it is only thought to occur when there is an increase in task complexity and/or
demand. Resulting in increased neural activity, predominantly in the frontal regions, until a
particular threshold at which point activation asymptotes and eventually declines. This
asymptote point is thought to represent the limit of available neural resources, thus
eventual decline in neural activity represents the end in cognitive performance following the
end of available resources. Older adults are reported to possess a lower asymptote of

available resources than their younger counterparts (Cabeza et al., 2018).

The next type, selection, is based on delocalisation (Bishop et al., 2010) in that older adults
are able to recruit secondary neural networks for cognitive processes that are also available
but not utilised by young adults to complete the same task. The premise is that young adults
use more efficient and demanding cognitive processes to complete tasks whereas older
adults may use less efficient and demanding ones. Though, it is not known precisely which

regions these may be or under what condition(s) this transpires (Cabeza et al., 2018).

The last theory, reorganisation, is based on plasticity, in that due to neural loss, older adults
utilise neural mechanisms not accessible in younger brains through the creation and/or
replacement of neural resources. This may possibly explain the bilateral brain activity
patterns regularly observed in older brains during task performance as compared to the

unilateral activation typically observed in young adults (Cabeza et al., 2018).

Thus, although age-associated neuroanatomical and neural network changes take place in
older adults, performance of cognitive tasks may not be affected or be affected less than
would be expected by the ‘amount’ of neural damage, due to neural compensatory
processes. In the behavioural study presented in Chapter 3, the older adults performed
comparably with the young adults in some of the tasks. Based on these theories it is hard to
speculate the compensatory strategy. Nevertheless, upregulation may possibly have been
used during dual-task (DT) and updating performances as age effects were observed in the

more difficulty/complex tasks.
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In the performance of the easier DT, during the simultaneous presentations of two tasks,
the older adults performed comparable with their young counterparts in the psychological
refractory period (PRP) paradigm (Pashler, 1984; Telford, 1931; Welford, 1952) and test for
everyday attention (TEA) telephone code search DT (Robertson et al., 1994). However,
during the PRP stimulus onset asynchrony (SOA) of 1000ms (the PRP effect: difference
between the SOAOms and 1000ms performance), where a delay between presentations was
incorporated, an age-associated effect was observed. Similarly, updating ability was not
shown to have an age effect with the easier backwards digit span (BDS) task (Baddeley &
Hitch, 1974) but did with the harder n-back task (Jaeggi et al., 2010; Kirchner, 1958). Thus, it
suggests the older adults had a lower asymptote point which was reached during

performance of the more demanding tasks, while using the upregulation process.

Performance in the trail making test (TMT) (Reitan, 1992) was also comparable after
elimination of the low-performing participants from both age groups. The remaining older
adults may have compensated by using the reorganisation of neural pathways to
successfully complete that task, whereas the brains of the bad performers had not

effectively accomplished this.

The older adults’ performance in the remaining tasks, the Stroop (Golden, 1978), Hayling
sentence completion task (HSCT) (Burgess & Shallice, 1997), and task switching task (Rogers
& Monsell, 1995) showed an age effect with longer RTs and/or error rates. Thus, they were
able to complete the tasks by utilising a compensatory mechanism, although it is hard to

speculate which of the three processes was employed.

Studies examining the differences in the neuroanatomical activity between young and older
adults during performance of these tasks and the remaining EF tasks completed in Chapter 3

are discussed in sections 5.4.1 to 5.4.4.

In summary, older adults are thought to employ a compensatory process such as
upregulation, selection, or reorganisation, when performance of the same task as young
adults is comparable. Such performance was observed in the older adults of the behavioural
study presented in Chapter 3 however, it is difficult to speculate which process was used by

these participants, as it may be individually driven, or task driven.
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5.3.2 M(CI, AD, and the Neural Networks

MCI, and specifically AD affects neural networks differently than what is observed with
ageing as a result of more advance neuroanatomical changes. One of the regions especially
affected in these conditions is the limbic network. This is a non-unitary memory processing
system where the PFC is understood to be the controlling centre for episodic memory
processing through connections with the MTL, thalamus, retrosplenial cortex, and the PCC,
to form the memory neural network (Bubb et al., 2017; Rugg et al., 2002; Rugg & Vilberg,
2013; B. Yuan et al., 2016). Changes to it are relatively mild in cognitively healthy older
adults, however in MCl and AD deficits are more pronounced and of a greater extent as

severity of AD increases.

Accumulation of NFTs over what is seen in healthy older individuals in limbic structures
within the MTL has been observed in both conditions (Braak & Braak, 1991). In MClI,
structural changes include decrease in WHM integrity in the MTL, the splenium of the
corpus callosum and fornix (Zhuang et al., 2010), GM atrophy in the hippocampus, and
hypometabolism in the inferior parietal lobules (Schroeter et al., 2009). Thus, increased
neural activity in the posterior region of the MTL and fusiform have been observed as
compensatory mechanisms to offset the atrophy in the anterior MTL (Han et al., 2009).
Additional hypometabolism in the PCC and the precuneus are observed in both MCl and AD
(Bailly et al., 2015). In AD, further changes outside of this network are observed including
hypometabolism in the frontal cortex, amygdala, temporoparietal cortices (Nestor et al.,
2003), and the frontomedian-thalamic network (Schroeter et al., 2009). These are areas
concerned with the processing, controlling and performance of EF tasks. Hence,

deterioration in these regions would affect EF ability.

The main difference between the conditions is that individuals living with MCl are usually
able to perform EF tasks to relatively the same degree as healthy older adults but have an
above average level of episodic memory impairment. However, these individuals may be
able to compensate for such memory deficits through one of the processes described in the
last section. This is not the case in AD individuals due to a greater amount of neural damage
in the PFC and MTL, there is reduced opportunity for compensation. So as AD progresses

effectivity in EF performance declines (Prvulovic et al., 2005). The following section will
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discuss how the EF abilities DT, inhibition, shifting, and updating are affected by cognitive
ageing, MCl, and AD.

In sum, this section covered how brain changes and decline in the limbic network leads to
episodic memory problems in individuals living with MCl and AD. The following will describe

how such changes affect the neural networks in relation to EFs.

5.4. The Neuroanatomy and Neural Networks of Executive Function Abilities

EFs enable the completion of an assortment of complex cognitive behaviours through the
recruitment of other brain regions. In this section, the brain regions identified by
neuroimaging to be primarily associated with the performance of DT, inhibition, shifting,
and updating are examined. This will include how deterioration of these regions due to
healthy ageing and the conditions MCl and AD affects the performance of these cognitive

abilities.

5.4.1 Dual-tasking

The brain regions and thus neural networks believed to be involved in the process of dual-
task (DT), performance, have been understood to be dependent on the tasks employed
(Szameitat et al., 2011). Typically DT performances are believed to utilise the same cerebral
regions activated during the performance of the same two tasks separately, however, it has
been observed that there are additional newly activated regions (D’Esposito et al., 1995;

Klingberg, 1998; Szameitat et al., 2002).

Nevertheless, irrespective of the task paradigm employed, several neuroimaging studies
have consistently shown neural activation in the same regions (Chmielewski et al., 2014;
Collette & Linden, 2002; D’Esposito et al., 1995; Dux et al., 2006; Hartley et al., 2011; Herath
et al., 2001; Hesselmann et al., 2011; Jiang & Kanwisher, 2003; Klingberg, 1998; Schubert &
Szameitat, 2003a; Sigman & Dehaene, 2008; Stelzel et al., 2008; Szameitat et al., 2002,
2006, 2016; Worringer et al., 2019; Yildiz & Beste, 2015). These include the right, left, or
bilateral hemisphere of the lateral PFC (IPFC) (Broadmann Areas - BAs 9, 10, 44, 45, and 46),
specifically the DLPFC (BAs 9 and 46), the parietal areas (BAs 7, 40), and supplementary
motor areas (SMA - BAs 6, 8) (Collette, Olivier, et al., 2005; D’Esposito et al., 2000;
D’Esposito & Postle, 2015; Hartley et al., 2011; Shi et al., 2014; Stelzel et al., 2008, 2009;
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Szameitat et al., 2002), see Figure 5.3. These regions form part of the fronto-parietal

network (Mezzacappa, 2011; Ptak et al., 2017).

Figure 5.3. Brodmann Areas of the left hemisphere of the Human Brain. A Brodmann area is a region of
the cerebral cortex characterised by its cytoarchitecture, i.e. its histological structure and cell
organisation. The first figure represents the lateral view of the areas, and the second, the medial view
of the areas (Gage & Baars, 2019).

Accordingly, substantial bilateral increase in activity in the DLPFC and the ACC during DT as
compared to single-task (ST) performance has been attributed to the process of allocating
and coordinating attentional resources and response selection, respectively (D’Esposito et
al., 1995; Kondo, Osaka, et al., 2004). However, the cognitive subtraction method was
employed in such analysis of neural activity which has been criticized for assuming that the
processing engaged in ST was unaffected by the addition of a new task. Accordingly,

Szameitat et al (2002) used this and the parametric manipulation to assess DT with the PRP
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paradigm (Pashler, 1984; Telford, 1931; Welford, 1952). Neural activity in the IPFC along the
IFS and in the MFG, and parietal cortices including the intraparietal sulcus were associated
with DT performance. This has also been reported by numerous other researchers (Dux et
al., 2006; Herath et al., 2001; Hesselmann et al., 2011; Jiang & Kanwisher, 2003; Schubert &
Szameitat, 2003b; Stelzel et al., 2006, 2008; Szameitat et al., 2006, 2016; Yildiz & Beste,
2015).

DT coordination has also been proposed to require the interactions of numerous specific
information-processing networks (Adcock et al., 2000). Such regions and therefore
networks, include the temporal areas (BA 37), anterior insula (BA 47), ACC (BAs 24/32),
posterior areas such as the cuneus (BAs 18 and 19), basal ganglia, thalamus, premotor
cortex, anterior insula, and the cerebellum (Chmielewski et al., 2014; Collette & Linden,
2002; Hartley et al., 2011; Hesselmann et al., 2011; Klingberg, 1998; Schubert & Szameitat,
2003a3; Sigman & Dehaene, 2008; Szameitat et al., 2002, 2016; Worringer et al., 2019; Wu et
al., 2013).

Neuroimaging studies involving participants with frontal lesions have further highlighted the
association of brain regions and DT performance with the use of different DTs, particularly
the frontal lobes (Della Sala, 1997; McDowell et al., 1997). Richer et al (1998) reported
unilateral frontal and temporal regions as areas of interest. Whilst, Andrés & Van Der Linden
(2002), Casini & Ivry (1999), and Vilkki et al (1996) associated DT performance with the
DLPFC and medial regions, and Roca et al (2011) identified BA 10 as a specific region for

multitasking performance.

As a result of ageing, differences in performance and neural activity are anticipated in older
individuals as postulated by the frontal ageing hypothesis (Geerligs et al., 2014; Raz et al.,
2005; West, 1996; P. Yuan & Raz, 2014). The PFC, striatium (basal ganglia), and its
connections, i.e. the fronto-striatal network, undergo changes during the ageing process,
which is implicated in the dopaminergic system. Changes to it have been found to
contribute to DT deficits due to the depletion of dopaminergic receptors in the frontal

cortex (Goh & Park, 2009).

In examining how ageing affects performance with the use of the PRP paradigm as

described in Chapter 3 of this thesis, Hartley et al (2011) reported similar neural activity
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between young and older participants. Such activation related to neural activity in the
medial prefrontal network and lateral frontal—parietal network. Although the older adults
presented with increased activity in the aPFC and occipital regions. Using the same
paradigm, Chmielewski et al (2014) reported alterations in the networks involving the MFG,
SFG and the anterior insula with increased task complexity, i.e. decreased SOA, during
performance of their older adults. Thus, both studies indicate compensatory neural activity

is involved in DT ability in older individuals with performance in the PRP task.

With the TEA telephone code search task DT, no study was found to have examined the
neuroanatomical correlates of performance in either young or older adults. However, it
possesses similar task conditions, i.e. auditory and visual, as the PRP. Hence, it is
conceivable that the same brain regions involved in these processes might be similarly
activated in both age groups. Although as the overall requirements of both DTs are quite

different, the specific brain regions activated during the TEA DT is unknown.

Similarly, there was no study found to have determined how neural activity is affected by
cognitive DT ability in MCl individuals. However, it is known that severely impaired
individuals including AD sufferers are mostly incapable of performing these tasks, probably
due to the advanced atrophy observed in the brain (Baddeley et al., 1991; Lonie et al.,
2009).

To conclude, through neuroimaging studies the fronto-parietal network which contains the
DLPFC, SMA and ACC, with projections to other cortical and subcortical structures, has been
shown to be the associated with DT processing. Nevertheless, as a result of structural
changes, such as GM atrophy in these regions, the performance of cognitively healthy older
adults and individuals living with MCl may be affected. No study was found to have

evaluated the neural activity of DT in AD participants, however.

5.4.2 Inhibition

In response inhibition, i.e. the suppression of dominant or prepotent processes (Miyake,
Friedman, et al., 2000), neural activity is largely considered to be associated with the right
hemisphere of the brain, particularly the right VLPFC, i.e. right inferior frontal cortex and

right IFG (BAs 44 and 45) (Aron, 2007; Aron et al., 2014; Aron, Robbins, et al., 2004; Bender
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et al., 2016; Blasi et al., 2006; Chikazoe, 2010; Derrfuss et al., 2004; Fisk & Sharp, 2004;
Garavan et al., 1999; Hazeltine et al., 2003, 2000; Hughes et al., 2013; Konishi et al., 1999;
Konishi, Nakajima, Uchida, Sekihara, et al., 1998; Lemire-Rodger et al., 2019; Rubia et al.,
2003; Stuss & Alexander, 2000). Increased activity of the IFG was commonly identified in
several studies with healthy participants during the incongruent condition of a number of
inhibition tasks. These include the utilisation of the go/no-go task (Newman & Kosson,
1986), irrespective of the handedness of the individual as the researchers considered it may
be a factor (Konishi et al., 1999; Konishi, Nakajima, Uchida, Sekihara, et al., 1998), the
flanker task (Eriksen & Eriken, 1974; Hazeltine et al., 2000, 2003), and the stop-signal task
(M. E. Hughes et al., 2013; Logan et al., 2014). While Derrfuss et al (2004) reported the
inferior frontal junction (IFJ) area, the posterior frontolateral region around the junction of
the IFS and the inferior PCS were important for cognitive control. However, Hampshire et al
(2010) with the use of the stop-signal task, found that this region performed a more

generalised role in executive functioning and not just during inhibition.

Additional significant regions of activation have been reported. These include other frontal
areas, the right MFG (BAs 9 and 46) within the DLPFC, and the ACC, as well as bilaterally in
the anterior insula, presupplementary motor area (pre-SMA), the frontal limbic and inferior
parietal regions, the left area of the temporal lobes, and an area within right occipital lobe
(Ball et al., 2011; Banich et al., 2000; Baumeister et al., 2014; Blasi et al., 2006; Chambers et
al., 2009; Durston et al., 2002; Garavan et al., 1999; Gruber et al., 2002; Kolodny et al., 2017,
Konishi, Nakajima, Uchida, Sekihara, et al., 1998; Konishi et al., 1999; Mostofsky &
Simmonds, 2008; Rubia et al., 2003; Steele et al., 2013; Swick et al., 2011). These regions
were also identified by Wager et al (2005) with the go/no-go, flanker, and stimulus—
response compatibility® (Wager et al., 2005) tasks. Common activated regions such as the
anterior insula and aPFC bilaterally, the right DLPFC, left caudate, posterior intraparietal

sulcus, right anterior intraparietal sulcus, and ACC were reported.

Although, Banich et al (2000) had previously reported activation differences with the use of
two versions of the Stroop task the traditional colour-word (Stroop, 1935), and a spatial-

word task (Banich et al., 2000). With the traditional task, substantial activity was observed in

3 Task involves the presentation of an arrow stimulus in the centre of the screen. In the compatible block,
participants must respond in the direction of the arrow, and in incompatible block, in the opposite direction.
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the ACC bilaterally, in the inferior and middle frontal cortices, and the left precuneus of the
parietal lobe, thus employing the classic fronto-parietal network. Whereas the spatial-word
task caused significant activity in the medial frontal, left middle frontal, part of the parietal
cortex bilaterally, and the left regions of the superior temporal and middle temporal
regions. Therefore, it is important to take into account the task used when examining neural
activity. Nevertheless, it can be observed that the fronto-parietal network is heavily used
during inhibition. Further, dopamine is thought to play a significant role, and reported to be
released during task performance (Albrecht et al., 2014; Badgaiyan & Wack, 2011; Hershey
et al., 2004; Logue & Gould, 2014).

Frontal lobe lesion studies have also indicated that the frontal regions mentioned above
may be important in the processing of inhibitory control (Dimitrov et al., 2003; McDowell et
al., 1997; Rieger et al., 2003), especially the left medial frontal lobes (McDonald et al., 2005).
However, as discussed above, the areas differed with various inhibition tasks and were not
limited to the frontal cortex, as the basal ganglia have been indicated to be involved (Andrés
& Van Der Linden, 2002; Rieger et al., 2003). Nonetheless, the DLPFC, particularly the left
side has been implicated in its performance (Andrés & Van Der Linden, 2002; Stuss et al.,
2001). Other regions observed to be important include the medial orbitofrontal cortex
(gyrus rectus) (Szatkowska et al., 2007), right anterior cingulate (BAs 24 and 32) (Di
Pellegrino et al., 2007; Picton et al., 2007), left BA 6, and the right BAs 9 and 32 (Dimitrov et
al., 2003; R. E. Roberts & Husain, 2015). Though activity in the right VLPFC (BAs 44, 45 and

47) (Godbout et al., 2005; Picton et al., 2007) has also been associated.

A variety of studies has shown that ageing affects the functional neuroanatomical correlates
of inhibition (Bloemendaal et al., 2016; Coxon et al., 2012, 2016; Elderkin-Thompson et al.,
2008; Kleerekooper et al., 2016; Langenecker et al., 2004; C. Li et al., 2009; Milham et al.,
2002; Nielson et al., 2002; A. Sebastian et al., 2013).

In comparing young with older adults’ performance with the traditional Stroop task as
employed in the behavioural study in Chapter 3, age-associated decrease in neural activity
in the fronto-parietal network regions, i.e. DLPFC and parietal lobes were reported. This
suggested decreased attentional control. Whereas increased activation of the anterior

inferior prefrontal cortices including the IFG and MFG, pre-SMA, and the precuneus and
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ventral visual processing regions within the temporal cortex were observed (Langenecker et
al., 2004; Milham et al., 2002). These findings suggest compensatory mechanisms were
occurring in the older individuals to complete inhibition. Additionally, superior performance
was associated with greater recruitment of the ACC in older participants (Elderkin-

Thompson et al., 2008).

Similar age-associated effects were reported by Nielson et al (2002) with the use of the
go/no-go task. Greater activity was mainly observed in the PFC, right MFG, and in numerous
left frontal regions. These left frontal regions not commonly mentioned in studies with
healthy young individuals may indicate either a selection or reorganisation compensatory
mechanism occurring. Comparable activation was observed in other regions, such as the
right MFG, left middle and inferior gyri, left putamen, bilateral caudate, thalamus and pre-

SMA, although enhanced neural activity was seen in the older adults.

Likewise, Sebastian et al (2013), found with the go/no-go, Simon (Simon, 1969), and stop-
signal tasks, that increased age correlated with enhanced activation in left prefrontal
regions including the IFG and MFG, and parietal regions. However, decreased activity was
observed with the most challenging stop-signal task indicating that a threshold for
compensatory involvement may have been encountered. Nonetheless, Kleerekooper et al
(2016) reported hyperactivation of the right IFG, and Bloemendaal et al (2016) included the
DMPEFC, i.e. pre-SMA, and basal ganglia (striatum, subthalamic nucleus) regions with
performance in this task in older participants. Such enhanced neural activity has been
attributed to reduced WHM integrity of subthalamic nucleus (STN) projections, important in
dopaminergic neurotransmission (Bloemendaal et al., 2016; Coxon et al., 2012, 2016).
Decrease in GM in the frontal cortex is also associated with decline in inhibitory ability

(Adollfsdottir et al., 2014).

No study was found to have assessed the neuroanatomical correlates of the second task
used in the behavioural study, the HSCT (Burgess & Shallice, 1997) in older adults. However,
in young adults, the left IFG (BAs 45/47) was reported to be activated during performance in
part A. Whereas in part B, increased activity in the left prefrontal regions, such as the middle
(BAs 9 and 46) as well as in the IFG (BA 45) frontal areas, and bilaterally in the IFG (BA 47)

(Collette et al., 2001) was reported. Thus, it may be speculated that bilateral activity of the
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left activated regions and increased activity of the bilaterally activated regions may take

place in older adults.

Decline in inhibition ability in individuals living with MCl is well documented (Ahn et al.,
2011; Apostolova et al., 2012; Bélanger et al., 2010; Bélanger & Belleville, 2009; Borella et
al., 2017; Borsa et al., 2018; N.-C. Chen et al., 2013; Garcia-Alvarez et al., 2019; Gronholm-
Nyman et al., 2010; Johns et al., 2012; C. Li et al., 2009; Mudar et al., 2016; Pa et al., 2010;
Peltsch et al., 2014; Puente et al., 2014; Stricker et al., 2013; Sung et al., 2012; B. Yuan et al.,
2016; Zheng et al., 2012, 2014; Zhou & Jia, 2009), although there are not many
neuroimaging studies. In a study by Alichniewicz et al (2013) between amnestic MCI (aMCl)
participants and healthy older individuals, decreased neural activity was observed in the
frontal eye fields in aMCI participants with the employment of the antisaccade task. It was
therefore concluded to indicate reduced frontal lobe activity. Between the healthy young
and older adults decreased activation was only observed in the parietal lobe. However,
Fernandez-Ruiz et al (2018) with the same task, observed increased activity in the DLPFC
and in the frontal pole in their healthy older adults which was correlated with better

inhibitory control and faster RTs, respectively.

With the Stroop task, Kaufmann et al (2008) reported heighten activity in the caudate and
cerebellum during interference processing in MCl participants. Whereas Puente et al (2014)
witnessed hyperactivity in the DLPFC, OFC, and PCC during task performance, within the
fronto-parietal network. The activity in the OFC and PPC correlated with increased RTs
between the congruent and incongruent task conditions. The differences in the studies may
indicate a difference in the severity of cognitive impairment in these participants, or merely

a difference in the task demand and processing in the MClI brain.

Also, Li et al (2009) reported significantly heightened activity in the basal ganglia, dorsal ACC
(dACC), and fronto-parietal regions, bilaterally in the middle and IFG, inferior parietal lobule
and insula in their MCI participants with the Stroop task. However, decreased activity in
these same regions in AD participants indicated the compensatory mechanism available to
MCI individuals through the availability of more healthy brain regions. Thus, this did not
occur in the AD brain due to increased neuroanatomical damage, such as advanced GM

atrophy, and reduced WHM integrity.
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In summary, the neuroanatomical processing of inhibition has reported to be heavily linked
to the right VLPFC, particularly the right IFG, with projections to other regions including the
right MFG and ACC. Due to ageing, reduction in WHM integrity and the efficiency of the
dopaminergic system, decline in inhibition activity is observed. Thus, higher activity as
compared to young has been reported to take place in the left hemisphere of the PFC as a
compensatory process to counteract the reduced efficacy of the right hemisphere. Similar
effects occur in MCl individuals but seem to be based on the severity of the condition,
although hyperactivity has also been described to compensate impaired functional activity.
However, no such mechanism is observed in AD participants, as the structural changes,
comprising GM atrophy, are more pronounced. Although these individuals are still able to

perform the tasks of this ability to some degree.

5.4.3 Shifting

The functional neuroanatomical correlates of shifting ability, the process of alternating
between tasks or mental sets (Miyake, Emerson, et al., 2000) in healthy young individuals is
reported to depend largely, as with DT and inhibition, on fronto-parietal structures.
Primarily the left IFJ, DLPFC, posterior intraparietal sulcus, areas associated with the VLPFC,
precuneus, the dACC, parietal lobe and the occipital lobe, are more consistently considered
to be activated during shifting conditions (Brass et al., 2005; Brass & Cramon, 2002, 2004;
Braver et al., 2003; Collette & Linden, 2002; Dove et al., 2000; Fellows & Farah, 2003; Carl
Kim et al., 2017; Chobok Kim et al., 2011; Chobok Kim, Johnson, et al., 2012; Kimberg et al.,
2000; Konishi, Nakajima, Uchida, Kameyama, et al., 1998; Lemire-Rodger et al., 2019; Ruge
et al., 2013; Sohn et al., 2000; Von der Gablentz et al., 2015; Worringer et al., 2019).

In a study by Konishi et al (1998), shifting activity was localised in the IFS bilaterally, with the
application of the Wisconsin Card Sorting Test (WCST) (Berg, 1948; Nelson, 1976), but
Kimberg et al (2000) with a task switching paradigm (Kray & Lindenberger, 2000), reported
several activated regions. These included the right hemisphere regions, postcentral gyrus
(BA 3), inferior parietal lobule, and thalamus, and left regions, the PCG, medial frontal (BA
6), precuneus (BA 7), anterior insula, and medial occipital gyrus. So, the type of shifting task
may influence the regions of precise activation during the task shifting condition (Chobok

Kim, Cilles, et al., 2012). Although, Muhle-Karbe et al (2014) reported that only the ACC
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seems to be associated with the use of different tasks, implying its involvement in

preparatory adjustments for particular task demands.

Moreover, with the task switching task, Sohn et al (2000) identified the right IPFC (BAs 45
and 46) and superior PFC (BA 8), the superior and inferior posterior parietal cortex areas,
right temporal area (BA 22), PCC (BA 31), and right occipital cortex (BA 19). More explicitly,
Dove et al (2000) further reported the SMA, pre-SMA, cuneus/precuneus, and thalamus as
regions activated during the task switching condition, in addition to the left intraparietal
sulcus, and bilaterally in the lateral prefrontal, premotor cortex bilaterally, and anterior
insula. Braver et al (2003), reported neural activity correlated with the left DLPFC, left
VLPFC, left superior parietal cortex and left SMA during shifting trials, in comparison to the
right medial aPFC, right lateral aPFC, and ventral ACC during repeat trials. This has also been
reported in other studies (Lemire-Rodger et al., 2019; Wager et al., 2004; Worringer et al.,
2019). Thus, the IPFC and parietal regions play fundamental roles in the process of shifting
as well as numerous cognitive processes. Brass & Cramon (2002 and 2004) and Brass et al
(2005) further reported that the left IFJ, right IFG and the right IPS are involved in task
preparation and is the same for repetition and shift trials in paradigms with a high
percentage of shifting trials. Also, a positive correlation in GM-WHM contrast in the left
VLPFC, bilateral MFG in the DLPFC, and SFG, are considered to be indicative of good

structural integrity of these regions, and thus performance (Carl Kim et al., 2017).

In addition, Von der Gablentz et al (2015) reported an interesting finding after observing
activity at the locus coeruleus, an area near the brainstem. It was found to be the main
source of noradrenaline, a neurotransmitter used as a circulatory hormone and a chemical
neurotransmitter (Baars & Gage, 2010). Noradrenaline, as well as dopamine, can modulate
action, reward, learning, memory, and vigilance processes, and so are thought to contribute
to the regulation of cognitive flexibility (Baars & Gage, 2010; Ranjbar-Slamloo & Fazlali,
2020; Ruge et al., 2013). Thus, the activity was indicated to be involved in focusing attention

and disconnecting from a behavioural irrelevant task, and task optimisation.

Frontal lesion studies have further correlated these brain regions with shifting performance
(McDowell et al., 1997). Though some identify right and left frontal processes (Baldo et al.,
2001) others suggest only involvement of the left frontal lobe (Kumada & Humphreys,
2006). More specifically, the IPFC, left inferior posterior PFC, right IFG/pars opercularis, left
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MFG, and medial orbitofrontlal cortex have also been associated (Aron, Monsell, .et al.,
2004; Gehring & Knight, 2002; Szatkowska et al., 2007; Yochim et al., 2007). As well as
the basal ganglia (Mukhopadhyay, Pritha, Aparna Dutt et al., 2007; Yehene et al., 2008).

Age-related performance decline and its associated activation differences have been
described in shifting ability (DiGirolamo et al., 2001; Gazes et al., 2012; Gold et al., 2010;
Hakun et al., 2015; Jimura & Braver, 2010; Jolly et al., 2017; M. E. Perry et al., 2009; Smith et
al., 2001; Z. Zhu et al., 2014). However, the neural mechanism for this decline is uncertain.
Larger areas of activation in the PFC have been reported during task shifting performance in
older adults (DiGirolamo et al., 2001; Hakun et al., 2015; Smith et al., 2001), particularly in
the DLPFC (BA 46) and MFC (BAs 6, 24 and 32), where increased connectivity between the
left DLPFC, ventral visual cortex, and temporal lobes has been correlated with better task
performance in older individuals. In comparison, young adults are seen to have less
widespread connectivity. Thus, this activity is thought to be compensatory, as the
recruitment of areas within the left hemisphere of the PFC has also been reported in poor

performing young adult participants (Smith et al., 2001).

However, decreased activity in the PFC and the PCG, but increase in the posterior brain
regions, such as the occipital lobe and the cerebellar areas linked with visual and motor
processes, respectively, have similarly been seen (Gazes et al., 2012; Jimura & Braver, 2010).
This alternative finding is believed to indicate age-associated disruption of PFC aided
processes and the utilisation of new strategies during task performance (Gazes et al., 2012;

Jimura & Braver, 2010).

Gold et al (2010) described increased task completion times with their older adult group
whilst performing a letter-number task. This was associated with decrease in activity in
regions activated in younger individuals in predominantly left fronto-parietal regions, the
DLPFC (BA 46), left anterior and posterior inferior prefrontal cortex (BAs 44, 45 and 46), ACC
(BAs 24/32), inferior parietal cortex (BAs 7/40), and the caudate and putamen. This was
attributed to reduced WHM integrity. Additional recruitment of regions not observed in the
younger adult group was reported in the left middle temporal cortex (~BA 22) and right

aPFC (~BA 45).
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In contrast, findings from Zhu et al (2014) reported increased activity in all four lobes, but
especially in the fronto-parietal regions, the right DLPFC and right insula in older adults,
which was linked to a reduction in WHM microstructure and increased RTs, respectively
with performance in the task switching paradigm (Rogers & Monsell, 1995). This directly
relates to the significant increase in local and global shift RT cost of the older participants in
Chapter 3. Although increased activation of these regions correlated with slower shifting
performance in both older and young adults. Therefore, it has been suggested that age-
associate decline in task shifting performance may be caused by a combination of structural
changes to global and tract-specific, specifically fronto-parietal, cerebral WHM leading to
reduced WHM integrity. Which Gold et al (2010) reported to contribute to increased RT
costs in older adults. This has been linked to changes in the cardiovascular system in older
individuals (Jolly et al., 2017; M. E. Perry et al., 2009). Further, Jimura & Braver (2010) found
that while younger adults displayed a cue-related response while completing task-switch
trials in IPFC and PPC, the older adults only had activity in the PPC. Also, during shift blocks,
the older adults displayed decreased activity in the aPFC and temporary increased activity
during shift trials. Hence, Hakun et al (2015) reported compensatory increased activity
between the left DLPFC region and ventral visual cortex. Accuracy performance has been
suggested to be localised to the bilateral precuneus, right MFG, and left lateral occipital
cortex in young adults but in older adults to the left MFG, left frontal pole, left IFG, and

middle and right cerebellum regions (Basak et al., 2018).

With the second task used in the behavioural study, the TMT, bilateral activity in the VLPFC
and DLPFC, and engagement of the medial temporal lobe has been observed (L. D. Miiller et
al., 2014; Oosterman et al., 2010) has been observed. Increased RT in older adults of
performance in part B has been associated with deterioration of white matter
microstructure of the left anterior thalamic radiation, and the right uncinate fasciculus. As
well as cortical thinning in the frontal, temporal, and inferior parietal regions, and the
Sylvian fissure/insula (MacPherson et al., 2017). Reduced bilateral activity in the occipital,
temporal, and parietal lobes was reported by Talwar et al (2020). L. D. Miiller et al, (2014)

reported additional activity in the left medial and lateral PFC.

Reduced GM in the frontal, temporal and inferior parietal regions, including the Sylvian

fissure/insula have further been linked to decrease in mental processing speed (Adollfsdottir
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et al., 2014; MacPherson et al., 2017). Additionally, accumulation of beta-amyloid deposits

in the right PFC may contribute to decline in shifting control (Oh et al., 2016).

Performance deficits in individuals with cognitive pathological impairment have similarly
been reported (Pa et al., 2010; Tsutsumimoto et al., 2015) where deterioration in GM is
associated with poorer performance. In a study by Pa et al (2010), reduced GM volume of
the PFC and posterior parietal cortices was observed to correlate with decline in shifting
performance, i.e. greater completion time, in the D-KEFS Design Fluency (Delis et al., 2001),

TMT (Reitan, 1992), and D-KEFS Colour-Word Interference task (Delis et al., 2001).

In sum, shifting ability in healthy individuals has been reported to be associated with
increased activity in the VLPFC, DLPFC, though, the precise location seems to be dependent
on the task utilised to assess shifting ability (Muhle-Karbe et al., 2014). As a consequence of
healthy ageing, decline in WHM integrity is witness in these regions, and so increased
activity is frequently observed at these same regions to compensate for structural
impairment. Likewise, GM atrophy in the parietal, temporal and occipital lobes are also
associated with shifting decline. These structural changes are further seen in MCl and AD

participants, where it is linked to poorer task performance especially in more advance AD.

5.4.4 Updating

WM updating is primarily associated with the DLPFC (Barbey et al., 2013; D’Esposito, 2007;
D’Esposito et al., 2000; D’Esposito, Ballard, et al., 1998; Wager & Smith, 2003), specifically
the right DLPFC (Collette & Linden, 2002; D’Ardenne et al., 2012). Other regions implicated
in its processing include the medial prefrontal cortex (mPC), particularly the DMPLC, VMPLC,
dACC, and non-PFC regions, the basal ganglia, thalamus, and PPC (Nir-Cohen et al., 2019),
regions involved in the fronto-parietal network (J. D. Cohen et al., 1997; Collette & Linden,
2002; D’Ardenne et al., 2012; D’Esposito, 2007; D’Esposito et al., 1999, 2000; D’Esposito,
Ballard, et al., 1998; D’Esposito & Postle, 2015; Kondo, Morishita, et al., 2004; Lemire-
Rodger et al., 2019; Murty et al., 2011; Nir-Cohen et al., 2019; Roth & Courtney, 2007;
Salmon et al., 1996; Wager & Smith, 2003).

More precisely, load (task demand) is thought to be associated with activity in the DLPFC,

task difficulty with the ACC, and non-updating demand activity and WM maintenance with
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the parietal lobe (Barch et al., 1997; J. D. Cohen et al., 1997). Additionally, as previously
reported with the other EFs, the dopaminergic system influences updating. Its signaling has
been hypothesised to regulate the encoding of WM and thus updating, in the DLPFC
(D’Ardenne et al., 2012).

Ball et al (2011) with the employment of the n-back, go/no-go, and Tower of London*
(Shallice, 1982) tasks reported correlation in brain activity between all three tasks during the
2-back condition of the n-back task, bilaterally in the MFG. Thus, this area seems to be

associated with updating.

Performance in the n-back and Tower of London tasks was also found to be sensitive to
dopamine levels. Thus, it is important to be aware of the type of task utilised when

examining neuroanatomical correlates of updating.

Numerous researchers have also utilised the n-back task (Jaeggi et al., 2010; Kirchner, 1958)
to assess this EF (Derrfuss et al., 2004; Jansma et al., 2000; Nir-Cohen et al., 2019; Owen et
al., 2005; Postle et al., 2000), in various forms, i.e. spatial, digit, verbal. The brain activity is
related to its performance is understood to be independent of modality. In the meta-
analysis by Owen et al (2005), six cortical regions were observed to be consistently activated
with any type of n-back task. These included the DLPFC, mid-VLPFC, medial PPC, and inferior
parietal lobules. These regions were similarly reported by Jansma et al (2000), with a spatial
n-back task, and Postle et al (2000) were unable to report a difference in the frontal cortical

activity associated with spatial and nonspatial WM, with the n-back task.

However, D’Esposito, Aguirre, et al (1998) reported activity of the left MFG (BA 46) with a
nonspatial n-back task, and right MFG (BA 46) with a spatial n-back task, indicated the n-
back activations are modality dependent. Similarly, with a different updating task, a so-
called spatial (location) WM task, activity was correlated with higher activity in the right
MFG (BA 46), whereas nonspatial WM was linked with bilateral activity in the MFG and left
IFG (McCarthy et al., 1994, 1996). Also, Jansma et al, (2000) reported better performance

with the spatial n-back was associated with a large area of load-sensitive activity in anterior

4 Task requires participants to re-arrange three coloured balls from a start position to a target position, with
the minimum number of moves.
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cingulate, while a small area of load-insensitive activity was linked to the right parietal

cortex.

Furthermore, Leung et al (2007) indicated that the process of updating and maintenance of
spatial information may be similarly processed and the rostrodorsal premotor cortex and
anterior IFG may play a significant role in the successful tracking of spatial information in

WM.

In the assessment of verbal WM updating (task involving participants listening and then
verbally recalling items, e.g. consonants) significant increases in cerebral blood flow were
observed in the same common regions identified to be involved in non-verbal updating,
such as the DLPFC [right MFG (BA 9) and MFG (BA 46)], the right frontopolar cortex (BA 10),
right inferior parietal and angular gyri (BAs 40/39), and left supramarginal gyrus (BA 40)
(Salmon et al., 1996). This included newly seen activity in the left MFG (BA 10), right
thalamus, cuneus/precuneus, cerebellum and in the superior occipital gyri (BAs 18/19),
bilaterally, which seem specific for this type of updating task. Similarly, Van der Linden et al
(1999), in the assessment of verbal WM, identified the DLPFC (BAs 9 and 46). Whilst,
Derrfuss et al (2004) with the use of a verbal n-back task reported the involvement of the
IFJ. Furthermore, Ravizza et al (2004) indicated that the ventral aspect of the inferior
parietal cortex was involved in the shot-term storage buffers for verbal WM tasks. However,
Ivanova et al (2018) reported in their study with two verbal tasks, a verbal n-back task and a

complex span, that the temporal regions was more likely the site involved.

Moreover, R. Zhu et al (2020) found that when comparing performance of a visual and
auditory letter 3-back task, the left PPC was associated with the visual task only. Therefore,

the type of task stimuli should also be considered in evaluation of neural activity.

Additionally, Roth & Courtney (2007) identified similarities between updating visual sensory
stimuli and of updating long-term memory (LTM) finding correlation in activation in regions
including the left IFJ and left MFG of the frontal lobes, intraparietal sulcus, precuneus, and
SMA/pre-SMA. Concluding a single fronto-parietal network for updating. The only difference
observed was in the bilateral activation of the cuneus which was attributed to LTM recall

(Murty et al., 2011). Thus, it can be concluded that updating relies on a combination of
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frontal and non-frontal networks, which may also overlap with other memory processing

networks, including LTM.

Through lesion studies, there seems to be involvement of the ventral and dorsal parts of
IPFC (N. G. Miiller et al., 2002), such as the left IPFC, medial prefrontal cortex, dorsal ACC
and adjacent dorsal fronto-medial cortex (Tsuchida & Fellows, 2009), and lateral and
posterior portion of the left SFG (Boisgueheneuc et al., 2006). However, the right frontal
lobe may also be associated (Borgo et al., 2003), as well as the thalamus (Kubat-Silman et

al., 2002).

Age-related decline in updating performance is thought to be a consequence of reduced
network integrity and neuroanatomical changes in the brain that lead to a compensatory
mechanism (Cabeza et al., 2018; Di et al., 2014; Rypma et al., 2001; Rypma & D’Esposito,
2000; Suzuki et al., 2018). Yaple et al (2019) completed a meta-analysis of studies comparing
young, middle-aged, and older adult participants performance with the n-back task, one of
the updating tasks utilised in the Chapter 3. Involvement of the WM regions, the parietal
and cingulate cortices, were observed in all three groups, as well as in the non-WM regions,
the claustrum, insula, and cerebellum. However, the activity within the DLPFC (e.g. BAs 9
and 10) was highest in the young participants, decreased in middle-aged adults, and absent
in older adults, indicating a gradual decline in PFC engagement and WM activity with

advancing age.

Qin & Basak (2020) also examined age-related differences with the use of an updating task
that consisted of comparing a non-updating trial (current digit presented is the same as
previous one) with an updating trial (current digit presented is different from the previous
one). It was reported that young adult participants presented with significantly greater
activity in the left PCG and the right cerebellum during performance in the updating trials.
Decreased neural activity was observed in these regions in the young-old participants but
was absent in the old-old participants. Furthermore, increased activity in the right PCG (a
region linked with task sensitivity in young adults) and in some default mode network
regions was seen in the old-old participants. It was concluded the overactivation in these
regions was compensatory for the decrease in hemispheric specificity during updating trials.
Thus, both these studies show how ageing causes a reduction in the efficiency of updating

processes in the PFC.
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With performance in the BDS task used in the behavioural study, in comparing bran activity
between young and older adults, it has been reported that young adults exhibit greater
activity in the left PFC (BA 9), and left occipital visual cortex, as well as activity in the right
IFG. Whereas the older adults showed greater activity in most brain regions, the frontal,
parietal, occipital, and temporal cortices, particularly in the right IFG (BAs 44/45) (Sun et al.,
2005).

Decline in updating ability as a result of a neurodegenerative condition has also been
reported. In examining the brain activity of the default mode network with the n-back task
where decreased neural activity correlated with task performance, Rombouts et al (2005)
observed activity differences in healthy old, MCl and AD participants. The healthy old
participants showed decreased activity in the anterior frontal lobe, precuneus, and PCC,
while the MCl showed decreased activity in these same regions but a lesser extent the
healthy old and more than the AD participants. Activity in the anterior frontal lobe was
greatly affected in the AD brain. The gradual decrease in activity of the default mode
network from healthy to MCl to AD signifies the deterioration of the brain in these

neurodegenerative conditions.

Migo et al (2015) assessed healthy and aMClI participants with the n-back task. Results for
the healthy group were consistent with the studies already described for this group, for
example, increased activity in the DLPFC, inferior parietal lobule, and lateral premotor
cortex. However, the aMCl participants had fewer dispersed clusters and less significant
activation, as well as reduced activity in the CC, IFG, MFG, and SFG. Increased activity in the
right insula and lingual gyri was concluded to be a compensatory system. Nevertheless,
Dohnel et al (2008) only reported significant increased activity in the right precuneus in their
study on the updating of emotional WM in aMClI participants, which was attributed as a

compensatory mechanism.

To summarise, updating ability has been reported to correlate with neural activity in the
DLPFC, particularly the MFG, mid-brain structure such as the basal ganglia, thalamus and
cuneus/precuneus, as well as parietal regions, collectively part of the fronto-parietal
network. Other regions seem dependent on the type of WM task employed in updating
assessment, i.e. nonverbal or verbal, thus temporal regions have been indicated to be

involved in the processing of verbal WM tasks. Ageing resulted in compensatory activity in
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the brain of older adults to offset decreased integrity of the networks usually involved in
updating in younger individuals. Further deterioration and compensatory mechanisms were
observed in MCI participants. AD participants seemed to produce less activity in response to
updating task performance, demonstrating the reduced availability of healthy brain

structures and networks to process such tasks.

5.5. Conclusion

In conclusion, this review demonstrated the importance of the PFC and its neural networks,
specifically the fronto-parietal network and its vital role in the co-ordination of EFs. As a
consequence of cognitive ageing and pathological impairment, neuroanatomical changes
and hence disruption to the connections between the various cerebral regions associated
with these changes are seen. Thus, the compensatory processes to counteract these
changes were described and included a discussion on which of the processes may have been

used by the older adults presented in Chapter 3 was speculated.

Most important to the research presented in this thesis, was the neuroanatomical correlates
of performance in the EFs DT, inhibition, shifting, and updating, in healthy young and older
adults with the task pairs employed in the behavioural studies presented in Chapter 3. Thus,
based on this review, it is hypothesised that as a consequence of cognitive ageing, neural
activity associated with DT performance with the PRP task would be observed in the medial
prefrontal network and lateral frontal—parietal network. With compensatory increased
activity in the aPFC and occipital regions in older adults including, alterations in the
networks involving the MFG, SFG and the anterior insula with increased task complexity in
these older individuals. As no neuroanatomical study with the TEA telephone code search
DT was found, its neuroanatomical correlate is unknown. Although it can be speculated that

the DLPFC is involved.

During inhibition performance with the traditional Stroop task, activity has been shown to
correlate with activity in the right VLPFC, particularly the right inferior frontal cortex and
right IFG. In older adults, compensatory activity has been associated with increased
activation of the anterior inferior prefrontal cortices, particularly, the IFG, MFG, pre-SMA,
and precuneus, as well as the ventral visual processing regions within the temporal cortex

but decrease activity in the DLPFC and parietal lobes. Superior performance in this age
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group was associated with greater recruitment of the ACC with the right VLPFC. No study
was found to have assessed the neuroanatomical correlates of the second task used in the

behavioural study, the HSCT.

Shifting performance with the task switching task has been correlated with activity in the
DLPFC, VLPFC, and PPC. Age-associated decline in performance has been associated with
increased activity in the right and left DLPFC, right insula and ventral visual cortex in older
adults. With the TMT, bilateral activity in the VLPFC and DLPFC has been reported.
Compensatory performance was linked with reduced activity bilaterally in the occipital,
temporal, and parietal lobes, and additional activity in the left medial and lateral PFC of

older adults.

Lastly, updating performance with the BDS task has been found to show increased activity in
the left PFC and left occipital visual cortex in young adults but greater activity particularly in
the right IFG, with the older adults. With the n-back task, increased activity within the PFC
regions BAs 9 and 10 (DLPFC), mid-VLPFC, medial PPC, and inferior parietal lobules has been
observed, in the young adults. With activity decreasing with advance age, and absent in
older adults. Involvement of the parietal and cingulate cortices, as well as the claustrum,

insula, and cerebellum have also been implicated.

Additional connections with other cortical and subcortical regions were observed in order
for the efficient processing of these cognitive abilities. However, as reported in some
studies, neural activity was observed to also be dependent on the stimulus or task

employed.

Review of the neuroanatomical correlates of performance of these four EFs in participants
living with the conditions MCl and AD was also conducted but not relevant to the overall

research presented as these individuals were not assessed in the behavioural studies.

Instead, the following chapter used neuroanatomical and neuropsychological performance
data from the OASIS-3 database (LaMontagne et al., 2019) to examine the neuroanatomical
changes in older adults ranging from a diagnosis of cognitively healthy to advanced AD, in a

voxel-based morphometry (VBM) study.
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Chapter 6, VBM Study: Neuroanatomical changes with increasing
Cognitive Decline

6.1. Introduction

Cognitive decline is deemed to be the result of neuroanatomical changes in the brain,
particularly in the prefrontal cortex (PFC) (Christoff & Gabrieli, 2000; Funahashi & Andreau,
2013; Postle, 2017; Salat et al., 1999, 2004; Tisserand & Jolles, 2003a; P. Yuan & Raz, 2014;
Zanto & Gazzaley, 2019). Such changes, including atrophy of cerebral gray matter (GM) and
white matter (WHM) tracts, occur as part of healthy ageing, becoming progressively worse
in pathological conditions such as mild cognitive impairment (MCIl) and Alzheimer’s disease
(AD) (Cabeza et al., 2009; Gauthier et al., 2006; Petersen et al., 1997). Hence, the rate of
atrophy in the brain has been considered a promising biomarker for tracking disease
progression in ante-mortem individuals. Accordingly, neuroimaging techniques which have
the capacity to detect such structural deviations, like magnetic resonance imaging (MRI),
have become an important tool in the diagnosis of Alzheimer’s disease (AD) (Frisoni et al.,

2010; Furukawa et al., 2016; B. C. P. Lee et al., 2003).

Structural changes in the PFC are believed to correlate with decreased executive function
(EF) ability and cognitive decline, as this region is predominantly involved in their processing
(Jack et al., 2009; Spulber et al., 2010). Consequently, the frontal lobe hypothesis of
neurocognitive ageing (Dempster & Vegas, 1992; West, 1996) associates cognitive function
deficits in cognitively healthy (CH) older adults to changes in the PFC. Whilst the Scaffolding
Theory of Ageing and Cognition (STAC) (Park & Reuter-Lorenz, 2009; Reuter-Lorenz & Park,
2014) describes how older brains compensate for this change. For example, by recruiting
additional neural systems, as seen with the bilateral activation of frontal regions of the brain
during task performance, as compared to only the left or right frontal region in younger

individuals (Grady et al., 2006).

Such cognitive shortfalls result in increased performance impairments in everyday tasks,
particularly in EF tasks (Mortamais et al., 2017) in CH older adults in comparison to younger
adults (McAlister & Schmitter-Edgecombe, 2016; Wecker et al., 2000), as shown with the

findings from Chapter 3 of this thesis. However, some researchers have found no
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association between neuroanatomical changes and performance (Alvarez & Emory, 2006;
Salthouse, 2011a; Van Petten, 2004), while others have even found a negative correlation
(Salat et al., 2002), where a larger PFC volume was linked to reduced working memory (WM)

performance.

Individuals living with MCI are usually considered to perform as well as the CH in everyday
living but not in cognitive/clinical testing, although this may depend on the severity of the
condition. However, tasks requiring episodic memory are usually negatively affected,
especially in individuals living with amnestic MCI (aMCIl). The hippocampal structures within
the medial temporal lobes (MTLs), important in visual memory, auditory language and
speech comprehension systems, and the processing of emotion (Brownsett & Wise, 2010;
Lynch et al., 1977; Wagner et al., 2005) are typically more affected by atrophy (Tromp et al.,
2015; Martial Van der Linden et al., 2000). The atrophy becomes extremely pronounced in
sufferers that transition to AD (Jack et al., 2005; Kaye et al., 1997; Mufson et al., 2012),
before spreading to other brain regions and increasing in severity as AD progresses (Frings
et al., 2014; Gili et al., 2011; Maillet & Rajah, 2013; Pini et al., 2016; Toepper, 2017). Hence,
individuals living with AD have been found to have difficulty completing all tasks successfully
(Risacher et al., 2017; Schmid et al., 2013). Cognition assessments such as the clinical
dementia rating (CDR) scale (C. P. Hughes et al., 1982) and the mini-mental state

examination (MMSE) (Folstein et al., 1975) have been used to monitor cognitive decline.

In the present study, the progression of GM and WHM atrophy in the brains of CH older
adults, MCl, and various severities of AD was examined in relation to the CDR scale score in
six areas of cognition used regularly in life. The hypothesis is that increased cognitive decline
(as assessed by the scale) is associated with increased global atrophy (especially in the PFC

and temporal lobes).

Originally, MRI studies with the use of some of the EF tasks mentioned in the behavioural
studies (Chapter 3) were planned as part of this PhD project with CH, MCI, and early-stage
AD participants. However, due to the COVID-19 pandemic this was not possible. Hence, the
analyses performed in this chapter were based on secondary data derived from the Open

Access Series of Imaging Studies-3 (OASIS-3) database (for details, see the Methods section).
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6.2. Methods

6.2.1 Participants

Structural MRI T1-weighted data was obtained from a sample of 16 CH (CDR score 0, mean
age of 73.23 years, SD of 8.99), 12 MCI (CDR score 0.5, mean age of 73.22 years, SD of 6.16),
16 mild AD (CDR score 0.5, mean age of 76.09 years, SD of 6.03), 16 mild-moderate AD (CDR
score 1, mean age of 76.44 years, SD of 7.79), 16 moderate AD (CDR score 2, mean age of
75.45 years, SD of 8.98), and 10 severe AD participants (CDR score 3, mean age of 75.16
years, SD of 6.76), selected from the OASIS-3 open-source dataset, https://www.oasis-
brains.org (LaMontagne et al., 2019). The dataset comprises a total of 1098 participant data
collected from several ongoing studies at the Washington University Knight Alzheimer
Disease Research Centre over a period of 15 years. Thus, this study was based on secondary

data analysis.

6.2.2 Screening Assessments
The participants of the OASIS3-3 study were screened for their cognitive status with the CDR
scale described below, and the MMSE (Folstein et al., 1975) to assess cognitive status. For a

full description of the MMSE, please refer to section 3.2.2.

Clinical Dementia Rating (CDR) scale (C. P. Hughes et al., 1982)

This assessment is used to measure global function in dementia and MCI sufferers. It is
based on a semi-structured interview, where a named relative or next of kin is interviewed
to complete the first section of the test and the participant is interviewed to complete the
second section. It comprises six different functional domains: memory, orientation,
judgment, community, hobbies, and personal care, where each domain is rated either, 0 =
no impairment, 0.5 = questionable impairment, 1 = mild impairment, 2 = moderate
impairment, or 3 = severe impairment, except for personal care which does not use the
guestionable impairment option. The test score is the sum of all the individual ratings of the
six domains. Total scores range from 0 for no impairment to 18 for maximum impairment in
all the domains. The score of each domain and the collective total test score may be used as

outcome measures. It takes approximately 20 minutes to administer.
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In addition, the participants were further screened for depression, and their functional and

dementia health status with following tests.

Geriatric Depression Scale (GDS) (Yesavage et al., 1983)

Please see section 3.2.3. for a full description.

Functional Activities Questionnaire (FAQ) (Pfeffer et al., 1982)

This test assesses the performance of older adults in activities of daily living based on 10
guestions covering areas including the preparation of balanced meals and managing
personal finances. Each question is scored on a scale ranging from 0 to 3. Answers “normal”
and “never did (activity) but can now” - 0, “never did and would have difficulty now” and

“has difficulty but does by self” - 1, “requires assistance” - 2, and “dependent” - 3.

Total score ranges from 0 to 30. A cutoff point of 9, i.e. dependent in three activities

indicates function and probable cognitive impairment.

Neuropsychiatric Inventory Questionnaire (NPI-Q) (Kaufer et al., 2000)

This briefer version of the standard NPl in questionnaire form. It is an informant-based
assessment of neuropsychiatric symptoms and associated caregiver distress of 12 domains:
delusions, hallucinations, agitation/aggression, dysphoria/depression, anxiety,
euphoria/elation, apathy/indifference, disinhibition, irritability/lability, aberrant motor

behaviors, nighttime behavioral disturbances, and appetite/eating disturbances.

Each question is answered “yes” or “no”. If yes, the severity of the symptom of the
participant is rated using a three-point scale, 1 - mild, 2 - moderate, and 3 - severe. The total

severity score is the sum of individual symptom scores, ranging from 0 to 36.

The caregiver’s distress associated with the symptom is rated on a scale scoring from 0 (not
distressing at all) to 5 (extremely distressing). The total NPI-Q distress score is the sum of

individual symptom scores, ranging from 0 to 60.

The NPI-Q takes approximately 5 minutes to complete.
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6.2.3 Neuropsychological Assessments
As part of the neuroimaging study, the participants completed a series of

neuropsychological assessments.

Boston Naming Test (BNT) (Goodglass et al., 1983)
Participants are required to name drawings of common objects. The test assesses language

retrieval from semantic memory.

Category Fluency test (Binetti et al., 1995)
Participants are required to name as many words as they can that belong to a specific
category, i.e. animal and vegetable, in 60 seconds. The test assesses semantic memory and

language.

Digit Span (Elwood, 1991)

Participants are required to immediately recall a series of digits presented forward (FDS)
and backwards (BDS) in order to assess attention and WM. (The BDS is described in section
3.2.4.4.) Scores are based on the number of trials repeated correctly forwards and

backwards, as well as the longest length the participant is able to repeat back.

Logical Memory - Story A (Elwood, 1991)

Participants are required to immediately recall as many details as possible from a short story
containing 25 items of information after it is read aloud by the examiner and again following
a 30-minute delay. This subtest of the Wechsler Memory Scale-Revised assesses episodic

memory. Scores range from 0 (no recall) to 25 (complete recall).

Trail Making Test (TMT) Parts A and B (Reitan, 1992)

A full description of this shifting assessment test can be viewed in section 3.2.4.3. It is
scored by the completion time in seconds where a max of 150s for Trails A and 300s for
Trails B is required. Also, the number of commission errors and number of correct lines is

recorded.
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WAIS-R Digit Symbol test (Wechsler & De Lemos, 1981)
Participants are assessed by the total number of digit symbol pairs completed in 90 seconds.

This test assesses psychomotor speed.

6.2.4 Magnetic Resonance Imaging (MRI)

6.2.4.1 Image acquisition

All the neuroimaging scans were conducted by the Knight Alzheimer Research Imaging
Program at Washington University in St. Louis. The MRI scans were collected on two
different Siemens scanner models (Siemens Medical Solutions USA, Inc), the Vision 1.5T and
the TIM Trio 3T (2 different scanners of this model). The images underwent cortical
reconstruction and volumetric segmentation of T1-weighted images with the use of the
FreeSurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/). The images from the
1.5T scanners were processed with FreeSurfer v5.0 or v5.1, and those from the 3T scanners

with the FreeSurfer 5.3 (freesurfer.net) (LaMontagne et al., 2019).

6.2.4.2 Voxel-based morphometry (VBM)

Using the cortical-reconstructed and volumetric-segmented T1-weighted images provided
by OASIS-3 the following voxel-based morphometry (VBM) analysis was conducted.
Structural data was processed for VBM analysis (Ashburner & Friston, 2000). Pre-processing
and analysis were performed using the Computational Anatomy Toolbox - CAT12 toolbox
(http://www.neuro.uni-jena.de/cat/) within the Statistical Parametric Mapping (Friston et
al., 1995) implemented in SPM12 (The FIL Methods Group, Wellcome Trust Centre for
Neuroimaging, Institute of Neurology, UCL, London, England) running under MATLAB
R2020b (MathWorks, Natick, MA, USA).

Default settings in CAT12 and SPM12 were used. Spatial normalisation to the Montreal
Neurological Institute (MNI) template using the Diffeomorphic Anatomic Registration
Through Exponentiated Lie algebra (DARTEL) algorithm and segmentation of the images into
GM, WHM, and cerebrospinal fluid (CSF) was performed in CAT12, while images were
smoothed with an 8 mm full width half maximum Gaussian kernel in SPM12. Total
intracranial volume (TIV) was calculated automatically for each participant by summing

global tissue volume (i.e. GM, WHM, and CSF) within CAT12. To minimise any possible edge
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effects between the three regions, the absolute threshold for masking was adjusted to 0.1.

The voxel-level uncorrected p-value was set as 0.001.

6.2.4.3 Statistical analysis

Statistical analysis was performed on the demographic, clinical characteristics, screening,
and neuropsychological assessment results of the six groups using univariate, non-
parametric and repeated measures analysis of variance (ANOVA), chi-square (x?), Mann-
Whitney U, and independent t-tests in the statistical program SPSS for Windows version 26
(IBM SPSS Statistics, IBM Corp, Armonk, NY).

T-tests were further performed in CAT12 to compare GM and WHM differences between
the healthy controls, MCl, and the AD groups. TIV was included as a covariate. The outputs
were visualised using the xjView toolbox, version 9.7 (https://www.alivelearn.net/xjview).

The uncorrected p-value was set as 0.001.

6.3. Results

6.3.1 Demographics

Demographic and clinical characteristics of the participants are presented in Table 6.1.

Data from the OASIS-3 dataset was selected based on their diagnosis, i.e. CH, uncertain
dementia or 0.5 memory only CDR score, and AD dementia. The groups were matched for
age and gender, where possible. Univariate ANOVA confirmed an insignificant difference,
F(5, 80) =0.49, p = 0.783, 1,?=0.03, for the groups’ ages. Chi-square testing reported

significance for gender in the CDR score of 3 group only, x?(5) = 1.52 (n = 86), p = 0.911.

Table 6.1. OASIS-3 Demographic Data

Cognitively Mild Alzheimer’s Disease
Cognitive p-
Healthy Impairment value
(n = 16) (p ) | ADOS | ADL | AD2 | AD3
n= (n=16) | (n=16) | (n=16) | (n=10)
73.23 76.09 | 76.44 | 75.45 | 75.16
Age (899) | 732263801 03y | (7.79) | (898) | (6.76) | ©783
Gender 8/8 5/7 8/8 8/8 8/8 3/7* | 0.911°
(M/F) '
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28.84 28.08 2550 | 21.42 | 15.00 | 5.25°
MMSE score | 5 g0) (1.74) (3.03) | (3.67) | (8.49) | (531) | <0:001

CDR score 0 0.5 0.5 1 2 3 <0.001°b

CDR — Clinical Dementia Rating scale, MMSE — Mini-Mental State Examination. The p-value column
displays the univariate ANOVA tests across the 6 groups, unless otherwise stated. ‘p < 0.05, *n = 8 as
two participant scores are unknown, ? Chi-square test, °’Kruskai-Wallis test.

Univariate ANOVA reported a significant difference in the MMSE scores between the
groups, F(5,78) = 78.13, p = <0.001, 1,2 = 0.83, which is consistent with the decline in
cognitive status being examined with increasing CDR score. Independent t-tests between all
the neighbouring participant groups, with the exception of the comparison between the CH
and MCI, t(26) =-1.55, p = 0.134, were observed to be significantly different in scores.
Between MCl and ADO.5, t(26) = 2.64, p = 0.014, ADO.5 and AD1, t(30) = 3.43, p = 0.002, AD1
and AD2, t(30) =4.43, p < 0.001, and AD2 and AD3, t(22) =4.73, p < 0.001.

A non-parametric ANOVA (Kruskai-Wallis test) between the five CDR scores also showed
significance, x?(4) = 69.00, p <0.001. (CDR score of 0.5 was used for two groups, MCl, and
ADO0.5.) Mann-Whitney U tests between all the neighbouring participant groups, except
between MCl and ADO.5, U = 96, p = 1.000, indicated significance. Between CH and MCI, U =
192, p < 0.001, ADO.5 and AD1, U = 256, p < 0.001, AD1 and AD2, U = 256, p < 0.001, and
AD2 and AD3, U =160, p < 0.001.

A breakdown of how the participants performed in the six different cognitive domains of the
CDR scale was assessed, see Table 6.2 and Figure 6.1. As the participant’s cognitive status
progressed to advanced AD, decline in multiple cognitive domains increased. The least
affected domain was shown to be personal care, while memory was affected at the highest

rate.

Table 6.2. CDR Sub-score Group Comparisons. The first number is the CDR score, and in brackets is the
number of participants.

CDR | Community | Hobbies | Judgment | Memory | Orientation | Personal
Group care
CH
(n = 16) 0(16) 0(16) 0(16) 0(16) 0(16) 0(16)
MCI 0 (6) 0(9) 0(5) 0(10)

(n=12) 05(6) | 053) | o05(7) | >212 | g5 | 002
ADO.5 0(7) 0(4) 0(2) 0.5(11) 0(5) 0 (16)
(n=16) 0.5(9) 0.5(9) 0.5(9) 1(5) 0.5(7)

Page 199 of 359



1(3) 1(5) 1(4)
AD1 e 05(1) | 05(1) 0.5 (3) 0(9)
(n=16) > 1(2) 1012) | 1(13) 1(16) 1(11) 1(6)
(12) 2(3) 2(2) 2(2) 2 (1)
AD2 0(2)
(n = 16) 1(3) 21((122)) 1(4) 1(1) 21((141)) 1(11)
2 (13) 2(12) | 2(15) 2(2)
302 s | 2B
AD3 24) 2(1) 2(1) 202) 2(1) 2(1)
(n = 10) 3 (6) 3(9) 3(9) 3(8) 3(9) 3(9)

It can be seen that in the CH older adult group, cognition was maintained in all the six
domains examined, community, hobbies, judgment, memory, orientation, and personal
care. The memory domain was initially the most affected in all the participants with MCl,
followed by judgment, and acts relating to community. The memory domain continued to

be extensively affected through the transition to AD and its progression.

Additional non-parametric ANOVA analysis between the groups’ performance in these CDR
subparts (community, hobbies, judgment, memory, orientation, and personal care)

confirmed significance, all yielded U = 85, p < 0.001 (df = 5).

Pairwise analysis also revealed significance following Bonferroni correction between the

groups except amongst the following.

Community, between CH and MCI, p > 0.999, CH and ADOQ.5, p > 0.999, MCl and ADO.5, p >
1.000, MCl and AD1, p = 0.154, AD0.5 and AD1, p =0.136, AD1 and AD2, p = 0.869, AD1 and
AD3, p=0.102, and AD2 and AD3, p > 0.999.

Hobbies, between CH and MCI, p > 0.999, CH and ADOQ.5, p = 0.731, MCl and ADO.5, p >
0.999, ADO.5 and AD1, p = 0.455, AD1 and AD2, p > 0.999, AD1 and AD3, p =0.129, and AD2
and AD3, p >0.999.

Judgment, between CH and MCI, p > 0.999, CH and ADO.5, p = 0.156, MCl and ADO.5, p >
0.999, ADO.5 and AD1, p=0.977, AD1 and AD2, p > 0.999, AD1 and AD3, p =0.077, and AD2
and AD3, p > 0.999.

Memory, between CH and MCI, p =0.867, CH and ADOQ.5, p = 0.054, MCl and ADO.5, p >
0.999, MCl and AD1, p =0.299, ADO.5 and AD1, p > 0.999, AD1 and AD2, p = 0.661, and AD2
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and AD3, p > 0.999. The comparison between AD1 and AD3 was just at significance, p =

0.049.

Orientation, between CH and MCI, p > 0.999, CH and ADO.5, p = 0.690, MCl and ADO.5, p >

0.999, ADO.5 and AD1, p = 0.839, AD1 and AD2, p > 0.999, AD1 and AD3, p = 0.073, and AD2

and AD3, p > 0.999.

Personal care, between CH and MCI, p > 0.999, CH and ADO.5, p >0.999, CH and AD1, p =

0.696, MCl and ADO.5, p > 0.001, MCl and AD1, p = 0.945, ADO.5 and AD1, p = 0.638, AD1

and AD2, p =0.437, AD2 and AD3, p = 0.570.

Mean CDR score

il

CH

MCI

ADOD.S

AD1

Group

AD2

Community
Hobhies
M Judgment
B Memary
M Ciientation
M Personal

AD3

Figure 6.1. CDR Sub-score Group Data. The graph represents the data presented in Table 6.2.

Performance in the GDS, FAQ and NPI-Q is presented in Table 6.3.

Table 6.3. OASIS-3 Screening Assessment Results

CH
(n=15)

MCl
(n=28)

Alzheimer’s Disease

ADO.5
(n=13)

AD1
(n=15)

AD2
(n=15)

AD3 value

(n=10)

Page 201 of 359



1.69 2.20 1.80 3.20
GDS 0.80(0.86) | 2.38(1.92) (1.55) (2.88) (1.21) (2.44) 0.072

4.00 14.60 | 21.07 | 23.80
FAQ | 0.07(0.26) | 2.75(2.82) 286) | (419) | (6.35) | (0.85) | <0001

7.92 12.07 | 12.27 | 12.40
NPI-Q | 1.73(1.53) | 5.38(5.93) (3.88) | (948) | (8.20) | (r.a7) | <0001

GDS — Geriatric Depression Scale, FAQ Functional Activities Questionnaire, NPI-Q Neuropsychiatric
Inventory Questionnaire. The p-value column displays the univariate ANOVA tests across the 6
groups.

Univariate ANOVA between the GDS means indicated no differences amongst the groups,
F(5,70) = 2.13, p = 0.072, Ny? = 0.13. Although t-tests between the neighbouring groups
found a significant difference between the CH and MCl groups, CH and MCl, t(21) =-2.74, p
= 0.012. The remaining comparisons yielded insignificant differences, MCl and ADO.5, t(19) =
0.90, p = 0.382, AD0.5 and AD1, t(26) =-0.57, p = 0.576, AD1 and AD2, t(28) = 0.50, p =
0.624, and AD2 and AD3, t(23) =-1.91, p = 0.068.

A significant difference between the groups’ FAQ mean scores showed significance, F(5,70)
=48.17, p <0.001, ,?>=0.78. This is evident by the gradual increase in mean score from CH
to AD3. However, between the neighbouring groups, significance was found between CH
and MClI, t(21) = -3.74, p = 0.001, ADO.5 and AD1, t(26) = -7.70, p < 0.001, and AD1 and AD2,
t(28) =-3.29, p = 0.003. An insignificant difference was shown from the comparisons

between MCI and ADO.5, t(19) =-0.98, p = 0.340, and AD2 and AD3, t(23) = -0.85, p = 0.406.

Significance was further found between the NPI-Q mean scores between the groups, F(5,70)
=5.85, p<0.001, N,?=0.30, though following t-test, significance was only shown between
CH and MClI, t(21) = -2.28, p = 0.033. No substantial difference was found amongst the
remaining group comparisons, MCl and ADO.5, t(19) =-1.20, p = 0.246, ADO.5 and AD1, t(26)
=-1.47, p=0.154, AD1 and AD2, t(28) = -0.06, p = 0.951, and AD2 and AD3, t(23) =-0.04, p =
0.967.

6.3.2 Neuropsychology assessments

The results of the neuropsychological assessments can be viewed in Table 6.4.
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Table 6.4. Neuropsychological Results

Group | CH MCI ADO.5 AD1 AD2 a3 [
Task (n=9) | (n=8) | (n=13) | (n=15) | (n=11) | (n=9) |P
Logical 13.78 | 7.00° 6.62 3.60 1.55 450" | oo
Memory (2.99) (5.77) (4.25) (3.81) (1.63) (2.33) '

. 8.56 7.142 6.92 6.87 736 6.11
DigitSpanF | ) 35) | 254) | (272) | (1.88) | (2.84) | (2.76) | %4°*
. 6.89 5.572 5.00 3.93 3.50¢ 4.00°

DigitSpanB | > o) | as1) | (268 | (246) | (259) | (177) | 0?8
gf::ff“;est 1989 | 1638 | 13.08 8.53 7.64 950 | _ o1
A y (6.64) | (6.09) | (4.65) (5.15) (5.41) | (3.25) '
gf::f:r‘;est 13.89 | 9.432 9.54 5.60 4.60° 688" | oo
v y (5.30) | (4.47) | (3.10) (3.56) (2.59) | (3.91) '
Boston 27.78 | 23.14° | 21.69 17.00 1445 | 18500 |
Naming Test | (0.83) | (6.04) | (6.09) (8.20) (4.91) | (6.82) '
WAIS-R Digit | 46.00 | 4057° | 37.33° | 2000° | 2322° | 2088 |
Symboltest | (10.44) | (24.62) | (16.25) | (15.54) | (13.60) | (17.21) |
TMT Part A 40.22 | 4488 | 47.08 6273 | 80.00° |11537|
(secs) (12.90) | (25.59) | (18.65) | (36.59) | (58.38) | (45.53) '
TMT Part B 9656 | 157.63 | 19040° | 24478% | 231.67° | 263808 |
(secs) (25.45) | (110.29) | (116.01) | (90.36) | (79.15) | (80.95) |

The p-value column displays the univariate ANOVA tests across the 6 groups. 2 n=7, > n=12, ¢ n=10,
4 nh=9, ¢ n=6,  n=8, & n=5.

Comparison between the neighbouring groups, found significance between the CH and MCI

groups during performance in logical memory, t(14) = 3.05, p = 0.009, and the Boston

naming tests, t(14) = 2.30, p = 0.038. Significance between the ADO0.5 and AD1 groups was

seen in the category fluency tests, animals, t(26) = 2.44, p = 0.022, and vegetable, t(26) =

3.10, p = 0.005. [Logical memory just failed to reach significance, t(26) = 1.98, p = 0.059.]

Between the AD2 and AD3, a significant difference was only shown in logical memory

performance, t(17) = -3.26, p = 0.005. Comparable performances were observed between

the MCl and ADOQ.5 groups, and between the AD1 and AD2 groups, p > 0.05, in all these

tests.

Analysis of performance in the different parts of the same test found no main group effect

between the groups following a six-way repeated measures ANOVA [group (CH, MCI, ADO.5,

AD1, AD2, AD3) x digit span (forward, backward)] was found, F(5, 56) = 1.81, p < 0.001, 1),’ =

0.14. Although a main effect for span condition, F(1, 56) = 59.46, p < 0.001, ],?= 0.52 was
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observed but not for interaction, F(5, 56) = 1.35, p = 0.256, ,°= 0.11. This suggest the
groups performed similarly but there was a difference in performance between the span

conditions.

A main group effect between the groups following a six-way repeated measures ANOVA
[group (CH, MCI, ADO.5, AD1, AD2, AD3) x category fluency (animal, vegetable)] was found,
F(5,56) = 10.31, p < 0.001, ,? = 0.48. As well as a main effect for category fluency, F(1, 56) =
46.09, p < 0.001, N2 = 0.45. However, no interaction effect, F(5, 56) = 1.11, p = 0.365, ,? =
0.09 was observed. These results indicate no performance difference between the groups,

only between the test categories.

A main group effect between the groups following a six-way repeated measures ANOVA
[group (CH, MCI, ADO.5, AD1, AD2, AD3) x TMT (part A, part B)] was found, F(5, 41) =3.82, p
=0.006, Ny?=0.32, for TMT part, F(1, 41) = 142.75, p < 0.001, Ny’ = 0.78, and interaction,
F(5, 41) = 3.56, p = 0.009, 1,? = 0.30. Performance amongst the groups between the TMT

parts and the groups was substantially different.

6.3.3 Neuroimaging results

Group pairwise comparisons were performed between all the groups presented in Table 6.1,
e.g., CH compared with MCI participants, MCl compared with AD participants with a CDR
score of 0.5, etc, for their GM and WHM structural differences. Only significant findings with
an uncorrected cluster-level p-value of 0.001 were recorded. The results are presented in
Table 6.5 below. Please note, the p-value was not adjusted based on the fifteen
comparisons conducted, (e.g. using Bonferroni correction), given the low statistical power as

the number of participants in each group was relatively small, between 10 and 16.

Table 6.5. Voxel-based morphometry results for all pairwise group comparisons

Brain Region Side | GM/ BA MNI coordinates | T-value | Voxels
(R/L) | WHM XY,z number (Kg)

CH v MCcI

n.s. [ | | |

CHv ADO.5

Hippocampus (R | wim [ - | 33,-75-15 | 448 | 2213
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Parahippocampal GM 28 23,8,-26 4.43

gyrus

Sub-lobar extra- WHM i 17, -8, -11 428

nuclear

CHv AD1

Hippocampus GM -27,-33,-6 8.53

Inferior temporal WHM - -38,-27, -23 7.31 16484
lobe

Hippocampus WHM - -26,-12,-12 6.93
Hippocampus WHM - 24,-12,-10.5 6.39

Sub-lobar extra- WHM - 18, -5, -14 6.37 13431
nuclear

Hippocampus GM 23,-6,-21 5.66

CHv AD2

Inferior temporal WHM i 39,27, -18 7 88

lobe 17959
Hippocampus WHM - -27,-14,-14 7.83
Hippocampus GM -27,-29,-11 7.39

f,tkc)[:;k:ar extra- WHM | - | 15,-7.5,-13.5 | 7.52

Fusiform gyrus WHM - 42, -35, -15 6.62 11023
Hippocampus WHM - 26,-14,-11 6.32

CHv AD3

Parahippocampal WHM ; 25.5,-9,-27 6.72

gyrus

Hippocampus GM 15, -5, -15 5.73 5648
Sub-gyral temporal WHM i 33, -6, -17 5 59

lobe

Superior temporal GM 38 | -27,10.5,-48 5.73

gyrus

Parahippocampal WHM - | -255,-255,-15 | 5.66 >389
gyrus

Hippocampus WHM - -17,-3,-11 5.39

MCI v ADO.5

n.s.

MClv AD1

Inferior temporal WHM - | 375,-255,-24 | 6.15

gyrus

Superior temporal GM 13 51, -45,-18 5.98 3835
gyrus

Inferior temporal GM i 63, -39, -20 533

gyrus

MClv AD2

Inferior temporal GM 17 | -55.5,-435,-21 | 6.32 7720
gyrus
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Inferior temporal
gyrus

WHM - -38, -29, -17 6.24

Hippocampus WHM - -30, -5, -30 5.82

Hippocampus WHM - 24,-28.5, -9 4.92

Parahippocampal

ayrus R WHM - 32,-8,-30 4.78 3123

Hippocampus GM - 20, -9, -17 461

MClv AD3

n.s. | | | |

ADO0.5v AD1

Middle temporal

GM 39 -46.5, -57, 21 5.49
lobe

Middle temporal

L GM 21 -60,-62,1 4.53 1557
lobe

Superior temporal
gyrus

GM - -68, -48, 8 4.53

ADO.5v AD2

Fusiform gyrus GM 36 -37.5,-33,-22.5 5.03

Inferior temporal

GM - -65, -35,-21 4.87
gyrus L

2331

Inferior temporal
gyrus

GM - -65.5, -23, -23 4.59

ADO0.5v AD3

n.s.

AD1v AD2

n.s. | | | |

AD1v AD3

n.s.

AD2 v AD3

n. s. | | | |

BA - Brodmann Area, CDR - Clinical Dementia Rating, GM - gray matter, WHM - white matter, R -
right, L - left, MNI - Montreal Neurological Institute, n. s. - not significant.

As seen in the results presented in Table 6.5, the temporal lobes showed the most structural
changes. No structural change in any PFC regions was observed. GM and WHM regions

seem to be equally affected, as observed by the proportion of affected occurrences.

There were no significant structural changes between the CH and MCI participants, and
between MCl and ADO.5 group. Thus, it may be concluded that structural changes at this
stage (or these stages) are too subtle to detect, or at least with VBM analysis, or possibly the

sample size may have been too small for any meaningful change to be shown.
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In comparing CH with all the various AD stages, large cluster regions, especially in the WHM
of the parahippocampal gyrus were heavily affected. Similarly, WHM in the left hemisphere
of the inferior temporal lobe was shown to have undergone significant changes during the
comparisons with the AD1 and AD2 groups. Involvement of GM in the left hemisphere of
the superior temporal gyrus, and WHM of the right hemisphere of the sub-gyral temporal
lobe, were seen with the comparison with the AD3 group. The progression of the structural

change comparisons is shown in Figure 6.2.

Within the cluster of the CH versus AD2 and AD3 comparison, important areas of EF were
observed. These included the amygdala, insula, the caudate (nucleus), putamen, and the

anterior cingulate gyrus.

CH vs ADO.5 CH vs AD1
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CH vs AD2 CH vs AD3

Figure 6.2. Significant Comparisons with the Cognitive Healthy group. Axial view.

Other significant EF areas were found in the WHM of the sub-lobar extra-nuclear and

fusiform gyrus.

When comparing the MCI participants with the remaining AD participant groups, further
changes in all these temporal lobe areas were seen. This included the GM of the inferior

temporal gyrus, which was also seen with the CH participant comparisons, see Figure 6.3.

MCl vs AD1

Figure 6.3. Significant Comparisons with the Mild Cognitive Impaired group. Axial view.

There was an insignificant difference in findings between the MCl and AD3.
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The last two significant findings were between the AD0.5 and AD1, and between the ADO.5
and AD2 groups. Both identified large GM clusters in the left hemisphere, see Figure 6.4.
The first in the middle temporal lobe and superior temporal gyrus, and the latter in the

fusiform gyrus and inferior temporal gyrus.

ADO.5 vs AD1 3 ADO.5 vs AD2 .

Figure 6.4. Significant Comparisons with the Alzheimer’s disease CDR 0.5 group. Axial view.

As observed with the other comparisons with the AD3 group, no significant structural

changes were observed.

No significant clusters were also not found during the ADO.5 versus AD3, AD1 versus AD2,
AD1 versus AD3, and AD2 versus AD3 comparisons, which suggests no structural changes in

GM and WHM had occurred.

In summary, increased structural change in the temporal lobes were observed. Greater
changes in GM were seen between the later stages of AD, suggesting that the processing of

information at designated areas was more specifically affected as AD progresses.

6.4. Discussion

The purpose of this VBM study was to examine how structural changes in the brain are
related to an individuals’ CDR score (C. P. Hughes et al., 1982) ranging from zero for CH in
older adult participants, to 3 for severely cognitively impaired AD older individuals.
Substantial changes were shown in the temporal lobes, which contains the

parahippocampal gyrus, important in the encoding and retrieval of visuospatial processing
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and episodic memory (Aminoff et al., 2013; Dundon et al., 2018) and the hippocampus, the
primary region involved in long-term memory (LTM). The findings seemed to correlate with
decline in the memory domain of the CDR scale, and the significant decline in the
participant’s performance in the Boston naming test, logical memory test, category fluency
test, and digit span, particularly in the BDS. No structural change in any PFC regions was

observed.

During the comparisons between the CH with all the various AD stages, large cluster regions,
especially in the WHM of the parahippocampal gyrus, hippocampus and sub-lobar extra-
nuclear areas were observed, a finding in agreement with previous research in MCl and AD
individuals (J. P. Li et al., 2012; Liu et al., 2017; P. Wang et al., 2020; T. Wang et al., 2016;
Yang et al., 2021). Reduction in WHM integrity is thought to be an early indicator of AD or
various other dementias in CH and especially MCI (Luo et al., 2020; Zhuang et al., 2010).
Such changes in WHM affect the processing speed of cognitive function (Turken et al.,
2008). Thus, in this content, the performance loss in the TMT and WAIS-R Digit Symbol tests

may be attributed to the brain changes.

The CDR scores of the MCI and AD participants indicated a slight decline in all but the
personal care domain, revealing the initiation of cognitive decline. The changes in the
striatum may account for the decline observed in the hobbies and orientation domain of the
test, as it aids in physical movement. Particularly, the dorsal striatum which consist of the
putamen and caudate, as the putamen is implicated in limb movement, and the caudate
with attention, planning, emotional processing, and the execution of behaviour to achieve
complex objectives (Robinson et al., 2012). Similarly, the decline seen in the judgement and
community domains may be associated with the fusiform area, which is essential for facial
and object recognition processing (Weinera & Zilles, 2016), and the insula. The region
associated with an individuals’ subjective emotional awareness such as empathy, disgust,
fear and happiness (Critchley, 2008; Uddin et al., 2017). Also, the angular gyrus, important in
the semantic processing of language, may be implicated (Seghier, 2013). Although the
decline in any of the neuropsychological tests performed may be associated with any of

these affected regions.

In the last stages of AD, the brain regions of the anterior cingulate gyrus, amygdala, as well

as the parietal lobe were found to be significantly affected. These are all important regions
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involved in cognitive processing, such as of attention, emotion, decision-making, judgement,
execution of complex tasks, planning, visuospatial processing, as well as of episodic
memory. Specifically, the amygdala is implicated in memory processing, and decision-
making and emotional responses, i.e. fear, anxiety, and aggression (Gage & Baars, 2019).
The anterior cingulate, an important area for EFs, implicated in the processing of several
cognitive functions, including decision-making, the regulation of aggressive behaviour,
emotional processing, communication, spatial memory, the control of attention, and error
processing (Amanzio et al., 2011; Bubb et al., 2017; Kiehl et al., 2000; Nyberg & Eriksson,
2016; Tisserand & Jolles, 2003a; Martial Van der Linden et al., 2000). The parietal lobe with
the processing of somatic sensation and visuospatial information (Lynch et al., 1977,
Tisserand et al., 2004; Wagner et al., 2005). Thus, it may be concluded that the structural
changes occurring in these regions may be involved in the decline observed in the non-
memory domains of the CDR scale, i.e. in the community, hobbies, judgment, orientation,
and/or personal care domains. Still, the precise areas involved in the tasks involved in some
of the scale domains, i.e. community, cannot be accurately associated. Interestingly, it has
been suggested that cortical thinning in the right anterior cingulate gyrus is a good predictor

of progression of MCl to AD (Peters et al., 2014).

A surprising finding was the insignificant difference between the MCl and AD3, when the
other comparisons between the MCl and other less severe AD participants showed
substantial changes. This may be due to the cross-sectional comparison conducted in this
study with the use of different participant groups, resulting in random variation between
groups. Likewise, this result would be very unlikely with the employment of one set of
participants in a longitudinal study. Nonetheless, this finding ultimately shows the

limitations of how accurately the data may be interpreted.

Also, the lack of insignificant findings between the ADO.5 versus AD3, AD1 versus AD2, AD1
versus AD3, and AD2 versus AD3 comparisons may suggest that insignificant structural
changes in GM and WHM had occurred. The gradual decline in cognition as AD severity
increased suggests subtle changes may have been taking place that were not detected
possibly due to the small sample sizes, particularly in the AD3 group (n = 10). Such changes
may be non-structural, i.e. on the neural level such as decrease in the responsiveness of

neurotransmitters, as described in Chapter 5, may possibly have occurred.
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Finally, the lack of significant structural changes demonstrated in the frontal lobe may
indicate the occurrence of minimal changes not detected by VBM. However, the large
amount of WHM atrophy in other brain regions, including the midbrain, may suggest a
disconnect to the neural activity between regions. This in turn could cause transmission
deficits to the PFC. For example, the anterior cingulate gyrus is involved in many EFs, thus
the structural changes observed in this area would interrupt the processing of abilities
connected with it. The technique diffusion tensor imaging (DTI) (Arfanakis et al., 2002)
would detect such a change. Nevertheless, this study only found extensive significant
changes in the temporal lobes and not in the PFC. It may have been beneficial to have also
assessed individuals living with frontotemporal dementia (FTD) to compare atrophy patterns

between the conditions.

6.5. Conclusion

In conclusion, decrease in WHM was found to occur primarily in less cognitively impaired
participants, whereas increased GM changes were evident in the more severe AD brain. This
implies that deficits or a failure in the processing of neural activity at GM sites greatly

impacts AD in the late stages of the condition.
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Chapter 7, General Discussion

7.1 Overview of Research and Aims

The research conducted in this thesis aimed to further our understanding into how cognitive
ageing affects the executive functions (EFs) dual-tasking, inhibition, shifting, and updating
(Miyake, Friedman, et al., 2000), and more specifically, the individual trajectory of their
decline in older adults®. Disruption in the cognitive processing of one or more of these EFs
may cause substantial interruption in an individual’s life and in turn indicate the
commencement of pathological cognitive decline, leading to a form of dementia, such as
Alzheimer’s disease (AD). As AD is a great public health issue due to the increasing rate of
incidence there is an urgent requirement for an efficient way to effectively diagnose
cognitive impairment at the earliest stage, such as mild cognitive impairment (MClI).
Therefore, differentiating between pathological cognitive impairment and age-associated

cognitive decline is particularly important.

In more detail, Chapter 2 provided a literature review of studies published between 2000
and 2019 evaluating the four mentioned EFs. A cross-sectional behavioural study assessing
each of these EF abilities in young and older adults with a pair of tasks was presented in
Chapters 3. Prior to the assessments, all participants were screened with an extensive
battery of neuropsychological and functional tests, such as the mini-mental state
examination (MMSE) (Folstein et al., 1975), Hopkins verbal learning test (Brandt, 1991), and
spot-the-word test (Baddeley et al., 1993), to ensure an adequate cognitive profile. Most
important to this thesis was the subsequent assessment of the individual trajectory of
decline of the four named EFs in older adults (Chapter 3) using the z-scores of the task
measures. The scores were statistically compared between the two age groups. The greatest
decline rate observed in the older adults for each EF were then compared to determine how
similar or dissimilar the rates of all four EFs were, based on the premise that EFs are
simultaneously interrelated and independent (Miyake, Friedman, et al., 2000). Although this
association has been found to change with increasing age, becoming less heterogenous due

to changes in the PFC (Glisky et al., 2020). The rate of decline was found to be dependent on

1 The research originally aimed to also assess individuals living with mild cognitive impairment and Alzheimer’s
disease and to complete an own MRI study.
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the EF task employed in the examination of the specific EF ability, as the behavioural study

observed different levels of decline with different tasks (Chapter 3).

A secondary aim of the research was to determine to what extent the outcome measures
from the pair of tasks used for all the EFs correlated with each other in each group (Chapter
4) through correlation analysis. In addition, confirmatory factor analysis (CFA) was further
employed to examine the consequence of ageing on the unity and diversity of the four by

examining the loading factors of the task measures in each group.

The final study aimed to explore how the cognitive status, as assessed with the Montreal
cognitive assessment (MoCA) (Nasreddine et al., 2005) and MMSE, together with
performance in an array of EF tasks of cognitively healthy to advance AD older adults,
associated with neuroanatomical changes. This was investigated utilising secondary
neuroimaging data provided by the OASIS-3 database (LaMontagne et al., 2019), in a voxel-
based morphometry (VBM) study (Chapter 6).

The following sections will discuss the main findings of these studies, before outlining

limitations of the research completed, and areas for future development.

7.2 Summary and Discussion of Main Findings

EF have been examined with the employment of several tasks. The literature review
presented in Chapter 2 highlighted the methodological challenges involved in the
assessment of EFs which may impact the evaluation of findings across studies as there is no
consensus on which tasks to use for the examination of EF abilities. Factors discussed
included the type of stimuli used in a task, the task demand, outcome measure and the

number of tasks utilised to assess an EF ability.

Emphasis was placed on the abilities dual-task (DT), inhibition, shifting, and updating as
these were to be assessed in the behavioral studies presented in Chapter 3. The most
frequently used tasks were identified in cognitively healthy ageing studies to be the
psychological refractory period (PRP) paradigm (Pashler, 1984; Welford, 1952) for DT, the
Stroop task (Golden, 1978) for inhibition, the trail making test (TMT) (Reitan, 1992) for
shifting, and the n-back task (Kirchner, 1958) for updating (Jaeggi et al., 2010; Kirchner,

1958). In the studies assessing individuals living with MCl and AD, DT was frequently
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evaluated with the (Baddeley’s) digit recall and tracking (Baddeley et al., 1986) and Della
Sala DT (Baddeley et al., 1986; Della Sala et al., 1995a), inhibition with the Stroop task,
shifting with the TMT, and updating with the backward digit span (BDS) task (P. T. Griffin &
Heffernan, 1983).

In accordance with these findings, two tasks were chosen for the behavioural studies. For
DT, a modified version of the test for everyday attention (TEA) DT (Robertson et al., 2001)
and a computerised PRP paradigm were employed, for inhibition, the Stroop task and
Hayling sentence completion task (HSCT) (Burgess & Shallice, 1997), for shifting, the TMT
and task switching paradigm (Rogers & Monsell, 1995), and for updating, the BDS and n-
back tasks. However, despite these choices, in reflection of the DT choices, it would have
been better to have used either the (Baddeley’s) digit recall and tracking (Baddeley et al.,
1986) or the Della Sala DT, as they have been more widely employed in EF studies, if not in
cognitive ageing studies. The remaining tasks have been used frequently across studies

researching a variety of conditions providing a good foundation and so were good choices.

Nevertheless, to reduce the possibility of erroneously collecting data and to increase the
accuracy and ease of analysis of the task outcome measures, some of the pen-and-paper
tasks, such as the Stroop task and TMT, could have been computerised. Also, in regard to
the difference in the type of inhibition assessed by the Stroop task and HSCT, it would have
been more beneficial to have used tasks that assess identical or similar inhibition abilities,
such as the go/no-go task (Newman & Kosson, 1986), or stop signal task (Logan et al., 1984;
Williams et al., 1999). This might have aided in finding an association between the task

measures during the correlation analysis.

The cross-sectional behavioural studies presented in Chapter 3 investigated the rate of
decline of the four EF abilities between young and older adults. These four abilities were
chosen based on the premise that they are fundamental to the functioning of many other
cognitive functions. The DT assessment results showed the older adults generated a
significantly larger RT PRP effect in comparison to the young adults in the visual task. This
finding in older adults has been consistently reported (Allen et al., 1998; Glass et al., 2000;
Hartley, 2001; Hartley et al., 1999; Hein & Schubert, 2004; Verhaeghen et al., 2003), and has
been attributed to an increase in the information-processing rate of the central bottleneck

at the response-selection stage (Allen et al., 1998, 2002; Glass et al., 2000; Pashler, 1984,
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1992, 1993, 1994; Schubert, 2008; Schubert et al., 2008; Tsang, 2013). The older adults have
been suggested to be more cautious in their performance by taking their time before
performing or resume performance of the second task (Allen et al., 2002), which also
accounts for the insignificant difference in the accuracy performance. This further implies
that the older adults engaged in a compensatory task-coordination strategy upon the
introduction of the lag in presentation between the two tasks, as comparable performance
was observed during the simultaneous presentations of two tasks as observed with the PRP

DT and TEA DT.

For inhibition ability, age effects were observed with both tasks used. The Stroop task
results revealed that the older participants were significantly less efficient at completing the
incongruent section as compared to their younger counteracts, indicating intact but
deteriorated inhibitory ability. A finding that has been frequently reported in studies
(Albinet et al., 2012; Amer & Hasher, 2014; Andrés et al., 2008; Bherer et al., 2006; Boucard
et al., 2012; Clarys et al., 2009; Damoiseaux et al., 2008; Keightley et al., 2006; Lagué-
Beauvais et al., 2015; Langenecker et al., 2004; Mayas et al., 2012; Morrone et al., 2010; Z.
Wang & Su, 2013). Similarly, with the HSCT, the older adults attained higher RT costs,
signifying decline in inhibition ability, a finding commonly reported in literature (Bielak et al.,
2006; Borella et al., 2011; Cervera-Crespo & Gonzdalez-Alvarez, 2017; Tournier et al., 2014;

Zimmermann et al., 2017).

However, inhibitory control is a multi-dimensional construct (Dempster & Vegas, 1992;
Diamond, 2013; Friedman & Miyake, 2004), and these tasks measure different constructs.
The Stroop task is understood to assess the disruptiveness of a stimulus which is not
required for the active suppression of thought (Borella et al., 2009; Diamond, 2013;
Friedman & Miyake, 2004). Whereas the HSCT requires response inhibition and cognitive
inhibition for the suppression of active processes to stop or limit irrelevant information from
entering WM (Borella et al., 2009; Diamond, 2013; Friedman & Miyake, 2004). Thus,
highlighting one of the issues that may be encountered with EF tasks, i.e. the assessment of

a different type of the same EF.

Despite this, these were the only tasks to both show age effects for the same EF, indicating

that inhibition was the most affected ability due to healthy ageing. Thus, it seems the
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inhibition-deficit hypothesis (Hasher & Zacks, 1988; Lustig et al., 2007) may be accurate in
stating that impairment in inhibition is the primary source of age-associated deficits
reported in the performance of numerous cognitive tasks, especially those involving WM
(Campbell et al., 2020; Hasher et al., 2008; Koch et al., 2010; Persad et al., 2002). Also,
Gilsoul et al, (2019) found inhibition partly mediated the effect of ageing of the three other
EFs.

For the assessment of shifting ability, no age effect was observed with the global cost
measures of the TMT. However, considering only good performers were analysed, this is
understandable. Thus, these remaining older participants were considered to have intact
shifting ability, not affected by ageing. Reports from previous cognitive ageing studies have
presented conflicting results (Damoiseaux et al., 2008; Keightley et al., 2006; Lagué-Beauvais
et al., 2015; Lagué-Beauvais, Brunet, et al., 2013; Maquestiaux et al., 2010; L. D. Miiller et
al., 2014; Rhodes & Kelley, 2005; Skinner & Fernandes, 2008; Tournier et al., 2014; Waring
et al., 2019). Although this may be linked to differences in the task requirements of these
studies as some reported error rate, which was only used to eliminate bad performers in

this study.

With the task switching paradigm (Rogers & Monsell, 1995), the older adults produced a
larger mean RT global cost, a higher mean RT local shift cost, and a larger mean mixing task
error rate shift cost. These findings are believed to be the result of the older adult’s inability
to effectively recruit the cognitive processes, hypothesised as difficulty in retrieving the task
rules from long-term memory, and adeptly maintain and coordinate two tasks in working
memory (WM) (Bopp & Verhaeghen, 2009; Gajewski, Ferdinand, et al., 2018; Kray et al.,
2002; Kray & Lindenberger, 2000; Wasylyshyn et al., 2011).

Global shift costs are understood to measure the set-up cost associated with the
maintenance and scheduling of the two mental task sets, in addition to the load on WM
(Kray & Lindenberger, 2000; K. Z. H. Li et al., 2019; Mayr, 2001). Whereas local shift costs are
believed to reflect the cognitive processes needed to deactivate the previous task set used
in the previous trial to activate the newly presented task set (Monsell, 2003). Thus, the
results suggest the older adults spend longer mentally arranging their thought process
during completion of the global and local shift task conditions. Age effects in global shift
costs are typically reported in literature, however local shift costs are thought to be
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unaffected (Hartley et al., 1990; Huff et al., 2015; A. F. Kramer et al., 1999; Kray &
Lindenberger, 2000; Mayr, 2001; Meiran et al., 2001; Salthouse et al., 1998). Nevertheless,

Hillman et al, (2006) also reported these same RT cost findings.

Mixing task cost has been attributed to the control processes required for the maintenance
of the two task sets during the shifting condition (Kray & Lindenberger, 2000). The larger
error rate cost indicates this older group were not as efficient as the young adults at shifting
between the tasks, therefore leading to more inaccuracies during performance. A finding
that has been observed in several studies (Kray & Lindenberger, 2000; Mayr, 2001; Meiran
et al., 2001; Reimers & Maylor, 2005; Van Asselen & Ridderinkhof, 2000; Verhaeghen &
Cerella, 2002; Wasylyshyn et al., 2011), and proposed to be the result of deficits in selective
attention (Meiran & Gotler, 2001), which is in line with the executive attention framework

(Engle, 2002; Engle & Kane, 2004).

These age-related differences in task preparation, interference and shifting processes of the
task switching task present its advantage over the TMT, as these separate cost measures tap

into distinct components of the shifting process.

In the examination of WM updating ability, comparable performance between the age
groups was observed with the BDS task although results from previous studies have been
conflicting (Bherer et al., 2006; Chee et al., 2006; Damoiseaux et al., 2008; Ford et al., 2014;
Gutchess et al., 2005; Isaacowitz et al., 2006; Pettigrew & Martin, 2014; Schroeder, 2014).

With the computerised spatial n-back task, the older adults produced more errors resulting
in a higher cost value in comparison to the younger adults, a common finding (Albinet et al.,
2012; Amer & Hasher, 2014; Berger et al., 2017; Clarys et al., 2009; Daffner et al., 2011; J.
McCabe & Hartman, 2008; Missonnier et al., 2011; Nagel et al., 2011; Salat et al., 2002;
Vaughan et al., 2008). It is theorised to be due to the increase in task demand, particularly
during the 2-back and 3-back conditions (Bopp & Verhaeghen, 2018; Qin & Basak, 2020;
Verhaeghen & Basak, 2005), and attributed to decrease in attentional control (Kane et al.,
2007; Verhaeghen & Cerella, 2002). Further to this, older adults have been proposed to be
slower at organising and managing new incoming information, and the processing of
outgoing information, increasing the opportunity for inaccuracies (Kirchner, 1958). No age

effect was found with the mean RT results.
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Interestingly, there is evidence that ageing negatively affects spatial WM task performance
greater than verbal WM task performance (Hale et al., 2011), which could account for the
results seen here. Additionally, n-back task performance across the age groups has been
reported to use different functions (Gajewski, Hanisch, et al., 2018). Young adults are
alleged to use EFs such as interference control, shifting and updating. Whilst older adults are
believed to rely more on attention, and to a smaller degree, shifting and updating (Gajewski,

Hanisch, et al., 2018), indicating a change in processing strategy between the ages.

Neurally, the older adults’ comparable performance with the young adults during
performance of the TEA DT, PRP DT SOA Oms, BDS task, and possibly the TMT, supports the
theory of this group using an efficient task coordination strategy. Such a strategy includes
the Scaffolding Theory of Ageing and Cognition (STAC) (Park & Reuter-Lorenz, 2009; Reuter-
Lorenz & Park, 2014), which states older adults develop alternative and complementary
neural networks to accomplish cognitive goals, such as the upregulation, delocalisation, or
reorganisation of neural networks (Cabeza et al., 2018; Grady et al., 2016; Phillips & Andrés,
2010).

With the DT tasks, it is thought that as no age effect was observed with the performance of
the TEA DT and PRP DT SOA Oms but a PRP effect was found with the RT, the process of
upregulation may have been used, as there must have been a lower asymptote point.
Specifically, the compensatory process reached a threshold during the TEA and PRP DT SOA
Oms performances. Likewise, the process is suggested to have been used during
performance of the updating tasks, as an age effect was only detected with the n-back task.

The asymptote threshold was possibly sufficient enough to complete the BDS test.

Reorganisation is proposed for the TMT performance in the good performing older adults
that completed the task properly. The processes for the Stroop task and HSCT are not
postulated as it is hard to speculate which of the three might have been used. Even so, it is
not known how compensatory mechanisms are selected or used by the brain, therefore the
proposed mechanisms thought to be used during the DTs, TMT, BDS, and n-back by the

older adults are theorised.

Nevertheless, as the older participants were able to successfully complete all the tasks, it is

presumed the recruitment of the central executive (CE) for task processing is maintained
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and without substantial impairment (Reuter-Lorenz & Park, 2014). Although decrease in
cognitive control due to advance age resulted in slowness and/or reduced accuracy in some
performances. Furthermore, in accordance with the frontal lobe hypothesis of
neurocognitive ageing (Dempster & Vegas, 1992; West, 1996), the findings of the
behavioural studies may provide evidence that decline of older individuals’ cognitive ability
is the result of age-associated structural changes in prefrontal brain regions which increases
with age (Raz, 2000; Raz et al., 1997, 2005; Raz & Rodrigue, 2006; Salat et al., 1999, 2004;
Tisserand & Jolles, 2003a, 2003b).

In the assessment of the individual trajectory of decline of the four EFs using the
behavioural study outcome measures, shifting was observed to have the highest rate in the
older adults. Next was inhibition, then updating, and DT the least. However, as the first
three EFs had comparable high rates of decline that were not significantly different in
comparison to DT, it can be speculated that there were two rates, one high and one low.
Suggesting decline of these EF abilities is not uniform. This is in line with the findings of
Miyake, Friedman, et al (2000), which found the three EFs with the high decline rates loaded
similarly during a factorial analysis study, indicating they may share a common underlying
cognitive component. Therefore, demonstrating the theory of the “unity” of EFs. As DT
loaded independently, it was suggested to have its own underlying component and, as such,
different from the other EFs, indicating the “diversity” of EFs. Thus, it would seem that DT

ability is not as affected by the ageing process as much as the other three EFs.

The comparison of the trajectory of decline of these four EFs collectively has not been
extensively researched in cognitive ageing, or pathological conditions. Therefore, these
novel findings are promising and may offer further contribution into understanding how
these EFs are affected by ageing. The trajectory of decline of these EFs due to MCl and early-
stage AD were also originally planned to be investigated to gain further insight into the
mechanisms involved in the transition from normal to pathological ageing, however this was
not possible. It was hoped that by recognising a pattern of decline between these EFs, and
possibly others, through consistent monitoring of decline rates in healthy individuals,
deviations from it may signal the clinical presentation of a form of pathological cognitive
impairment. Identifying early deficits is important as it facilitates early detection and

possible treatment of a condition.
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Nevertheless, this specific trajectory of decline was only observed with the use of the task
measure with the largest decline rate for each EF in this research, i.e. the RT PRP effect,
incongruent score of the Stroop task, local RT shifting cost of the task switching test, and
error rate cost of the n-back. Therefore, this trajectory might not be observed with other EF
task measures for these same four abilities. CFA studies in older adults have revealed
several models of factor loading (Bettcher et al., 2016; Hedden & Yoon, 2006; Hull et al.,
2008; Vaughan & Giovanello, 2010), which have been suggested to be the result of the
different tasks used. Moreover, during the review of EF studies in Chapter 2, different
outcomes, i.e. no performance deficit with one task verses deficit with another, were
reported in some studies (Albinet et al., 2012; Boucard et al., 2012) that had employed

multiple tasks to assess the same EF on the same group of participants.

Chapter 4 presented two different analyses of the task measures from Chapter 3. The first
study assessed to what extent that task pair measures correlated in their result for each of
the EFs. A significant positive correlation was only observed in the older adults between the
DT error rate measures of the TEA telephone code search and the PRP DT SOA Oms visual
task. This association may provide evidence to support the change of the structure of EFs
with increasing age due to neural reorganisation and the dedifferentiation hypothesis (Koen
& Rugg, 2019; Tucker-Drob, 2009). It suggests stronger correlations between cognitive

abilities in older adults than in their younger counterparts.

The lack of correlation in the young adults does not however, imply that the task pairs were
not assessing the same EF, as different characteristics of the same EF may actually have

been assessed, as with the inhibition tasks employed in Chapter 3.

In the second study, CFA was conducted to seek to what degree the cognitive processes
underlying the construct of the EFs in the four task pairs EFs where independent and
interrelated, i.e. examine the relations between the latent variables. Latent variables reflect
the common factor shared by the tasks employed to assess a particular EF, and thus provide

purer measures of the process they are intended to tap into.

The common EF factor loading analysis in the young adults proved inadequate and thus was

not considered. In the older adults, the common Ef factor loading model was adequate,
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suggest the four task pairs loaded to a common factor. The DT measures loaded the best,
and while the inhibition measures loaded the worst. Surprisingly, as discussed earlier,
inhibition is thought account for age-associated cognitive deficits. However, as the sample
used in the CFA was smaller and not the same as that used in the behavioural and
correlation studies, it may be assumed that inhibitory control was not as impaired in these
group of participants as they performed all eight tasks correctly. Even so, Hull et al, (2008)

similarly reported inhibition loading weakly in the CFA of task measures in older adults.

In the correlation factor loading analysis between the four EF task pair measures, a weak
insignificant four-factor model was found in the young. However, in older adults, an
insignificant two-factor model was observed, as a strong association between DT and
updating was observed, resulting in a DT/updating-shifting model following removal of
inhibition. Following application of Miyake, Friedman, et al (2000)’s proposed three-factor
model, inhibition-shifting-updating, with the older adults, analysis proved it to be more

adequate, hence this model was considered.

These results are in accordance with the findings reported by Bock et al, (2019) and Glisky et
al, (2020), who described stronger associations between EFs with advancing age. Further
providing evidence for the structural changes of EFs that takes place with advance age.
Significant loading models may have been produced with larger participant numbers, as
factor studies usually employ over 40 participants (Bettcher et al., 2016; Bock et al., 2019;
Hedden & Yoon, 2006; Hull et al., 2008; Miyake, Friedman, et al., 2000; Vaughan &
Giovanello, 2010).

Collectively, the behavioural studies and analyses performed on the task pair measures
demonstrate that EFs are indeed diverse and independent through the observation of the
different trajectories of decline. Although inhibition, shifting, and updating were shown to
possess a similar higher rate of trajectory in comparison to DT. Furthermore, increased age
was shown to change the structure of EF, particularly with the correlation analysis and CFA
of the EF task measures. The EFs were observed to be more distinct in younger individuals,

whereas in the older generation, the EFs loaded more strongly to each other.

The PFC is widely known to be essential for numerous higher-order cognitive functions.

Therefore, a literature review was conducted in Chapter 5, describing the brain structures
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and neural networks important for EF processing, especially the dorsolateral PFC (DLPFC),
ventrolateral PFC (VLPFC), and the fronto-parietal neural network (Dixon et al., 2018; Marek
& Dosenbach, 2018; Mezzacappa, 2011). All have been observed to be associated with task
performance of the abilities DT, inhibition, shifting, and updating (Chmielewski et al., 2014;
Hartley et al., 2011; Kaufmann et al., 2008; L. D. Mdiller et al., 2014; Sun et al., 2005; Talwar
et al., 2020).

As a consequence of the neuroanatomical structural changes that occur due to ageing,
neural activity associated with these abilities have been observed to be less lateralised in
older individuals in comparison to their younger individuals (Cabeza et al., 2002). A process
believed to be involved in compensatory processes. Such activity was found in the review of
the neuroanatomical correlates of the task performance of several of the tasks employed in
Chapter 3 as my own MRI study could not be conducted. For example, older adults’
performance in the task switching task, has been associated with bilateral activity in the

DLPFC, right insula and ventral visual cortex.

Other compensatory processes observed in the older adults included enhanced activity of
the same regions used by younger adults and/or activity of additional brain regions not
normally used by younger individuals. In line with this, performance in the PRP was
associated with increased activity in the anterior PFC and occipital region (Chmielewski et
al., 2014; Hartley et al., 2011). Stroop task with increased activity in the anterior inferior
prefrontal cortices, particularly, the IFG, MFG, pre-SMA, and precuneus (Kaufmann et al.,
2008). TMT with additional activity in the left medial and lateral PFC (L. D. Mdiller et al.,
2014; Talwar et al., 2020). The BDS task with greater activity in the right IFG (BAs 44/45)
(Sun et al., 2005), and with n-back task performance with additional activity in the parietal

and cingulate cortices (Yaple et al., 2019).

To complement the behavioural study, the last study presented in Chapter 6 explored the
structural changes that occur in older adults, from cognitively healthy to MCl to severe AD,
through VBM analysis, with the utilisation of data from the OASIS-3 database (LaMontagne
et al., 2019). Results showed significant volume loss bilaterally in gray (GM) and white
matter (WHM) throughout the medial temporal lobes (MTLs) but not in the PFC. In
accordance with AD deterioration, this finding was observed to correlate with decline in

performance of the memory domain of the MoCA test, and the logical memory task.
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A greater proportion of the clusters identified between the healthy and less severe AD
groups were located in WHM, areas implicated in the transmission of neural activity. Whilst
greater GM atrophy was observed between the more severe AD groups, indicating
decreased neural processing in advance AD. Accordingly, WHM degeneration is understood

to be significantly involved in AD progression (Caso et al., 2015; Migliaccio et al., 2012).

Other brain regions which showed significant loss, particularly of WHM, included the
midbrain regions, the anterior cingulate gyrus, amygdala, striatum (more precisely, the
caudate nucleus of the striatum), as well as the parietal lobe. These are all widely
acknowledged to be important in the processing of EFs (Amanzio et al., 2011; Bush et al.,
2000; Collette, Van Der Linden, et al., 2005; Elshafey et al., 2014; Laakso et al., 1995; Pini et
al., 2016; Poulin et al., 2011; Seger & Cincotta, 2005; Stevens et al., 2011; Yildiz & Beste,
2015). The worsened performance of the participants in the MoCA domains (including
community, hobbies, judgment, orientation, and personal care), and in the Boston naming
test, category fluency, and digit span (BDS and forward digit span), TMT, WAIS-R Digit

Symbol tests, is thought to associate with the increased loss of volume in these regions.

There were no substantial atrophy differences observed between the healthy and MCI
participants, or between many of the moderate to late-stage AD severities, perhaps

suggesting minuscule changes not detected during the analysis.

In summary, the findings of all the studies discussed further our understanding into the
structure and processing of the EF abilities DT, inhibition, shifting, and updating in
cognitively healthy young and older adults, and processes involved in the performance.
Furthermore, the neuroanatomical and neuronal changes that occur from cognitively
healthy older adults to MCl and severe AD was explored and associated with changes in

cognitive status and performance in a group of EF tasks.

7.3 Study Implications

The research conducted in this thesis presented the differential process of how the EF
abilities DT, inhibition, shifting, and updating are affected by the process of ageing, which
was found to be in agreement with the prefrontal-executive theory proposed by Dempster

& Vegas (1992) and further defined by West (1996). In turn, the performance deficits
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observed in older adults are proposed to be due to a decrease in the efficiency to maintain
cognitive control, especially during high demand task situations. This is said to be the
consequence of structural changes in the PFC, as described by the executive attention
framework by Engle (2002) and Engle & Kane (2004). Nonetheless, as a result, the older
adults were shown to have recruited strategies to complete the tasks, in some cases as well
as their younger counterparts, as described by the strategy-deficit hypothesis (Bailey et al.,

2009).

In accordance with the Miyake, Friedman, et al (2000) concept of the unity and diversity of
EFs, was the finding of the two distinct trajectory rates of decline of EFs, one high and one
low. This may also be linked to the central executive system (CES) of the working memory
model proposed by Baddeley & Hitch (1974). This system controls, coordinates, regulates,
and integrates new information into and between the phonological loop (PL), visuospatial
sketchpad (VSSP), and the episodic buffer slave systems (Baddeley, 2000). So, it may be
concluded that the unity of EFs is a result of this underlying component. More specifically,
as this singular system allocates cognitive resources in response to external information,
these hypothetically independent systems may overlap in the processing of EFs, particularly
of the WM domains, inhibition, shifting, and updating. While the diversity of EFs may relate

to the primary source of information inputted into the CES.

The thesis findings have thus extended our understanding into the nature of cognitive
decline, where with the exception of DT, decline was relatively homogenous. In light of this,
potential clinical implications and uses of the findings may be considered. For example, to
offset the effects of cognitive ageing, cognitive training programs should be implemented in
order to minimise age performance deficits, which may in turn reduce the transition to
neuropathological impairment (lordan et al., 2020; Karbach & Schubert, 2013; Mowszowski

et al., 2016; Penning et al., 2021; Zinke et al., 2014).

7.4 Limitations and Considerations

The studies presented in this thesis must be interpreted in consideration of a number of
limitations. Firstly, the study samples and their composition. The sample sizes for both the
young and older adult groups were relatively small which introduces potential difficulties in

generalising the study results to the general population. Therefore, indicating the need for a
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future replication study with larger samples to increase statistical power of the studies. Also,
a smaller percentage of male participants were recruited into the study, particularly in the
young adult group. This may further limit the generalisability of the present results to other
populations. Researchers have reported increased variability in the DT cognitive
performance of female participants (Kaur et al., 2014; Mantyla, 2013; Poromaa & Gingnell,
2014; Wong-Goodrich et al., 2020; Wozniak et al., 2014), due to hormonal changes that
transpire during menstruation. Hence, this may have occurred in this study and influenced
the results of the DT group performances due to the larger number of female participants.

This may have also extended to the other EF performances.

Additionally, the older participants were well educated as well as highly experienced
professionals, which may suggest their level of cognitive reserve may have slowed their
cognitive decline (Barulli et al., 2013; Cabeza et al., 2018; Meng & D’Arcy, 2012).
Accordingly, it may be speculated that this group of older individuals, and the university
educated young adult participants were not a true representation of the general population.
Resulting in an underestimation of age effects, although the age effects could have balanced
out, as the groups were similarly intellectually matched. However, the degree of education
attained affects cognitive performance in young and older adults differently. Testing
performance in well and low educated young adults does not seem to differ whereas better
educated and intelligent older adults perform better than their less educated counterparts

(Kaufman et al., 2016; Lovdén et al., 2020; McKoon & Ratcliff, 2012).

Secondly, there is the study design and procedure. Chronological age may play a more
significant role among even older groups, for example in those over 80 years of age.
Therefore, the inclusion of additional age groups such as middle-aged and particularly old-
old (> 80 years of age) participants to further increase our understanding into trajectory of

decline of EFs due to healthy ageing would be beneficial.

Regarding improvement of the study method, the use of different tasks to measure the
cognitive processes of interest is suggested as the results attained in the behavioural studies
were dependent on the specificity of the neuropsychological tests employed (Pettigrew &
Martin, 2014; Schroeder, 2014; Sung et al., 2012; Sylvain-Roy et al., 2015; Waring et al.,
2019). Other tasks may generate different age-related results to those reported in the

studies presented. Similarly, employing additional tasks for the assessment of each EF, i.e.
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more than two, would increase the accuracy of the study results as some of the task pairs
reported dissimilar levels of cognitive decline. This would also aid in the examination of the
factor loadings of the EFs through CFA, as tasks load differently, and with the correlation

analysis of task measures assessing the same EF.

Furthermore, there is the issue regarding task familiarity. A number of participants of both
age groups, but particularly the young adults, mentioned prior knowledge and experience
with a few tasks such as the Stroop test, either from a university course or through a
previous study participation. Many had participated in other academic, healthcare, and/or
scientific research trials and studies. This may have potentially caused bias as these
participants may have possibly performed better in these tests than a fully naive participant
sample due to being more experienced and so more trained in the task requirements. This
may in turn affect the assessment of age effects. For instance, more experienced young
adult performers in a cross-sectional comparison with less experienced older adults would
result in an overestimation of age effects due to a type | error. Thus, to avoid such a
problem, including a questionnaire regarding prior task experience and/or knowledge
during participant screening would allow for this to be formally accounted for and assessed.
Possibly by having the less experienced participants complete tasks twice, or a more feasible

solution, include prior task experience as a co-variate.

Therefore, in light of these limitations, future studies addressing these issues are needed for

a better understanding of EF decline due to healthy cognitive ageing.

7.5 Directions for Future Research

The studies presented in this thesis aimed to broaden our understanding of the decline of EF
abilities as a consequence of ‘normal’ ageing, as well as the concept of the unity and
diversity of EFs. However, a number of potential directions for future research can be

undertaken to expand on the work presented.

Performing the described behavioural studies, as was originally planned in this thesis, on
cognitively impaired individuals, such as those living with MCI and/or established groups of
individuals living with dementia, particularly early-stage AD would be highly advantageous.

This would allow for further insight into the trajectory of decline of the four EFs in these
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neurodegenerative conditions and thus, the tracking and comparison of decline of individual
EFs by detecting deviations from ‘normal’ decline rates. Such research could have profound
clinical implications by allowing for the identification of potential MCl and/or dementia

patients who might benefit from early cognitive training.

In addition, investigation into a vaster variety of EFs, including visuospatial and planning
abilities, must be researched for a thorough understanding of decline of cognitive abilities,
as EFs coordinate and collaborate with each other to bring about an action. This will further
assess the concept of the unity and diversity of EFs. Tasks including the Tower of London
(Shallice, 1982), or Tower of Hanoi tasks (Humes et al., 1997), or the Six Elements test

(Wilson et al., 1996) may be employed for such assessments.

Moreover, manipulating and comparing of the stimulus used in the PRP, task switching, and
n-back tasks, should be considered. For example, the use of picture/symbol, letter, or word
stimuli can be explored to determine what effect is made on performance outcomes, in
comparison to what was observed with the use of digits. Particularly in older adults, as they
have been reported to perform better with lexicon stimuli in comparison to non-lexicon
stimuli (Balota, 1996). Importantly, research has shown these various types of stimuli use
different brain networks for their processing, hence task performance may differ depending
on the extent at which such networks are affected by brain ageing (Azizian et al., 2006;
Carreiras, Monahan, et al., 2015; Carreiras, Quifiones, et al., 2015; Kahlaoui et al., 2007;

Seifert, 1997). Thus, differences in age effects may be observed.

Regarding the findings presented in Chapter 6, a possible area of research should be to
undertake a functional MRI study to explore the neuroanatomical correlates of the four EFs
presented in the behavioural studies on the cognitively healthy young and older adults. Such
a study would ideally also include the cognitively impaired participant populations, such as
MCl and/or AD and/or frontotemporal dementia (FTD), in an effort to determine the
underlying neural activity of their cognitive abilities. FTD affects the PFC more extensively
than AD, so a more comprehensive comparison of decline in cognitive abilities with

structural involvement may be made.
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Finally, comparing the performance of low and highly educated participants across the age
groups to gain additional knowledge on the concept of cognitive reserve and cognitive

ageing would be interested.

7.6 Conclusion

The primary aim of this thesis was to assess the EF abilities dual-tasking, inhibition, shifting,
and updating, in young and older adults, and to determine the trajectory of cognitive
decline as a consequence of ageing, through the behavioural studies. The exact pattern of
deterioration may allow for a proper understanding of the mental processes involved in

healthy ageing.

With an increasing proportion of older individuals, a firm understanding of normal cognitive
ageing is necessary, as it presents a framework against which pathological ageing can be
compared. Moreover, the neuroanatomical change from healthy to pathological impairment
through VBM analysis provided insight into the precise route of structural change occurring

during the onset and progression of AD with respect to cognitive decline.

Thus, this research may aid as a means to monitor cognitive transition and/or an approach
for cognitive intervention(s) in order to avert additional cognitive decline through the
development of cognitive training programs to improve specific cognitive domains.
Furthermore, it may allow for the development of a low cost, non-invasive preclinical
dementia diagnostic tool, as age-associated decline in these EFs will serve as a baseline for
healthy aged cognition. In this manner, preventing further deficits and/or cognitive decline,
as well as decreasing financial, medical and carer burden on the general public of

therapeutically approaches.
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Supplementary Chapter, Executive Function Abilities in Cognitively
Healthy Young Adults

S. Introduction

Executive functions (EFs) are critical for routine cognitive processes, as they facilitate
complex behaviours such as planning, reasoning, maintaining goals, flexibly coordinating
actions, suppression of competing actions or thoughts, and more. These are abilities
important for completing everyday activities and as such, for living independently (Deary et
al., 2009; Diamond, 2013; Harada et al., 2013). These EFs are stated to be most developed in
early adulthood, specifically in the early twenties (Salthouse, 2009), as this is when the
brain, particularly the prefrontal cortex (PFC), the region of its association (P. Yuan & Raz,
2014), has completely developed. Following this, it starts to steadily deteriorate with age

(Salthouse et al., 2003; P. Yuan & Raz, 2014).

Of particular interest are the EFs, dual-tasking, inhibition, shifting and updating, which are
thought to be most essential for performing complex cognitive activities and frequently
correlate with the activities of daily living and instrumental activities of daily living
(Diamond, 2013; Miyake, Friedman, et al., 2000). These EFs heavily rely on attention, i.e.
divided, selective and focused attention, and short-term memory (STM), which are
especially optimal in early adulthood (Diamond, 2013). Accordingly, cognitively healthy (CH)
young adults are considered to be most proficient at performing and completing tasks of
various complexities, possessing better response times (RTs), obtaining minimum error
rates, and attaining faster completion times in comparison to older adults (Salthouse, 1995,
1996; Salthouse & Meinz, 1995). For this reason, adult participant studies typically use this
population as a control or baseline group for performance comparison (Salthouse, 2005;

Salthouse et al., 2003).

In this behavioural study, the objective was to investigate the EF abilities of the CH young
adult population on a battery of tasks assessing the cognitive domains, dual-tasking,
inhibition, shifting and updating, in order to serve as a baseline group. This study was part of
a cross-sectional study for comparison with a CH, non-demented, older adult population
presented in Chapter 3. A further group of older cognitively impaired individuals,

specifically, those living with mild cognitive impairment (MCI) and early-stage Alzheimer’s
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disease (AD), were originally planned to be included in this study. However, due to the
COVID-19 pandemic, this was not accomplished. Thus, this chapter presents a descriptive

characterisation of a young CH sample.

As a consequence of the study design, a number of assessments normally utilised in older
and/or cognitively impaired individuals were recruited for use in the cross-sectional study,
with the purpose of undertaking a fair as possible comparison of the participant groups.
Additionally, in the assessments of EFs, many tasks have been employed in clinical and
research settings, as there is no single universal method for their examination. So, the issue
of consistency in task results is seen as tasks intended to measure a particular EF regularly
depend on the involvement of other EFs, but the extent which these other functions are
being used is unclear. Moreover, some tasks were created to assess specific EFs, whilst

others were not, thus there may be issues in effectively correlating task measures.

Nevertheless, a number of traditional neuropsychological tests are frequently used in the
evaluation of EFs, including the trail making test (Reitan, 1992) for shifting, the Stroop task
(Stroop, 1935) for inhibition, and numerous subtests of the Wechsler Adult Intelligence
Scale (Wechsler, 1955), including the backward digit recall span, for updating. All of which
will be utilised in this study, with the addition of five more, as two EF tasks were employed
to assess each of the four EFs being researched. Thus, a secondary aim of this study was to
explore the correlation of each of the EF task pair results, as they should ideally provide a
similar estimate of EF abilities if they are truly assessing the same element. This is presented

in Chapter 4.

S. Methods

S. Participants

A total of 32 (7M/25F) young adult participants were initially recruited into the study, three
(2M/1F) withdrew after the first (screening) session and two (2F) after the second. The data
for the two individuals who completed only two of the three sessions was used in the study.
The data of one female participants (aged 47) was withdrawn due to being an age outlier.
Thus, 26 participants (5M/21F) completed all study sessions, aged 18 to 33 years (mean of
21.18, SD 4.43).
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All had normal (or corrected to normal) vision and hearing.

S. Procedure

Participants were recruited through poster and online advertisement at Brunel University
London. Individuals were provided with the participant information sheet (PIS) for their
review prior to the first screening session. Once agreement to participate was confirmed,
the participant completed the online study recruitment questionnaire (Appendix 2) to
determine study participation suitability. Data collected included demographic information,
level of education, profession, medical history of severe auditory or visual abnormalities,
psychiatric, neurological, or systemic diseases which could cause cognitive impairments. In
addition, severe physical disability, a history of epilepsy or other conditions that may cause
uncontrolled movements or tremours were all considered exclusion criteria. Once accepted

for participation, all individuals were invited to the screening visit.

Participants completed three sessions, a screening and two EF visits, each lasting
approximately 60 minutes in duration at the Uxbridge campus of Brunel University London.
Once written informed consent was obtained, all the screening assessments were
completed. The participants completed the tests, the geriatric anxiety scale (GAS) and
geriatric depression scale (GDS) (Yesavage et al., 1983), activities of daily living scale (ADL)
and instrumental activities of daily living scale (IADL) (Lawton et al., 1969), and the spot-the-
word test (Baddeley et al., 1993) online via a Qualtrics link. As well as the Hopkins verbal

learning test (HVLT) (Brandt, 1991) in person.

In the first EF session, the assessments were completed in the following order: test for
everyday attention (TEA) DT telephone search subtest, computerised task switching test,
backward digit recall span (BDS), and the Hayling sentence completion test (HSCT). In the
second EF session, the assessments were always completed in the following order: trail
making test (TMT), computerised n-back, Stroop task, and the computerised psychological
refractory period paradigm task (PRP) tasks. All the tasks except the BDS and Stroop task,
included a practice run prior to beginning the actual study task. All assessments are
described in sections 3.2.3, and 3.2.4. Following completion of all study sessions, all
participants were presented with the study debrief form and compensated with either 12

course credits or a £20 Amazon voucher.
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All study documents, including the PIS, study consent form and debrief sheet can be viewed
in the Appendix (2a, 3a, and 4a, respectively). This study was approved by Brunel

University’s Department of Life Sciences Ethics Committee.

S. Screening Assessments

Please refer to section 3.2.3.

S. Executive Function Assessments

Please refer to section 3.2.4.

S. Statistical Analysis

The data was assessed by using the Statistical Package for Social Sciences (SPSS), version
26.0.0.0 (IBM SPSS Statistics, IBM Corp, Armonk, NY). Participants were excluded from
analysis on each task if they performed above or below 3 standard deviations (SDs) from the
rest of the groups’ mean performance. Descriptive data and the study behavioural data

were collected. Chi-squared, x?, test was further used to assess gender and handedness.

Paired-samples t-tests and one-way repeated measures analysis of variance (ANOVA) were
used to assess congruent and incongruent performance of the same tasks. In addition, the
n-back pairwise comparison p-values were Bonferroni corrected due to the numerous
pairwise assessments conducted using an online calculate,
https://www.easycalculation.com/statistics/bonferroni-correction-calculator.php, to reveal
the new (corrected) alpha level needed to be passed, i.e. 6 (number of comparisons). The
Bonferroni corrected alpha was taken as 0.00851. The significant effects for all the tests

were reported at p < 0.05, unless stated otherwise.

S. Results
S. Demographics and Screening data
The group demographic data and the descriptive summary of the results can be viewed in

Table S1.1.
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Table S1.1. Demographic Data of the Young Participants

Young Adul
Characteristic ?I\I:Iegn/:llj))"s
Age, years 21.18 (4.43)
Gender (M/F) 5/23
Education, years 14.46 (1.32)
Handedness (L/R) 2/26
Mini-Mental State Examination 28.46 (1.29)
Montreal Cognitive Assessment 26.71(2.27)
Geriatric Anxiety Scale 19.75 (9.99)
Geriatric Depression Scale 12.32 (3.40)
Activities of daily living scale 6.00 (0.00)
Instrumental activities of daily living 7.18 (1.28)
scale
Hopkins Verbal Learning Test, Part A 7.38 (1.63)
Hopkins Verbal Learning Test, Part B 11.07 (1.18)
Hopkir.\s Yer!oal I._ear.ning Test, 18.45 (2.23)
Discrimination index
Spot-the-word test 28.96 (3.11)

The group was deemed cognitive healthy following assessment. Though, a mild level of
depression was observed, no participant reported that they had been clinically diagnosed
with depression (e.g. by a medical profession). Minimal anxiety was indicated. Furthermore,
both the GAS and GDS are designed to be used on older adult individuals, so the questions
asked may not be suited for this younger group, as evident by participants probing some of
the questions asked especially in the GDS, i.e. regarding spouse, children, etc. However,
because the overall study aimed at assessing older adults and performing a cross-sectional
analysis between the groups, these two scales were included. Additionally, the group was
concluded to be functional independent and capable of completing everyday tasks
effectively from their scores in the activities of daily living scale and instrumental activities

of daily living scale.

Page 234 of 359



Verbal learning and memory were examined with the HVLT. A significant difference was

found between the performance in both parts of the test, t(27) =-10.97, p < 0.001,

accounting for the delay in recall demand of second test section.

Lastly, the groups’ premorbid IQ was assessed to be normal with assessment with the spot-

the-word test.

S. Executive Functions Abilities in the Young Adults

S. Dual-Tasking

Dual-tasking was examined using the TEA telephone search subtest and PRP paradigm. The

groups’ performance results can be viewed in Table S1.2 below.

Table S1.2. Dual-tasking Results of the Young Adult Participants

visual DT (SOA Oms) RT2 error rate (%)

Young Adults
Task n (Mean/SD)
Test for Everyday Attention, telephone

24 90.41 (13.34
auditory DT, code count accuracy (%) ( )
Test for Everyday Attention, telephone

24 79.17 (15.12
count DT, code count accuracy (%) ( )
Psychological Refractory Period paradigm,

24 616.97 (199.59
auditory ST RT (ms) ( )
Psychological Refractory Period paradigm,

24 7. 7.91
auditory ST error rate (%) 33(7.91)
Psychological Refractory Period paradigm,

24 1079.62 27
auditory DT (SOA Oms) RT1 (ms) 079.62 (365.27)
Psychological Refractory Period paradigm,

24 462. 23.27
auditory RT1 DT cost (SOA Oms), RT (ms) 62.65(323.27)
Psychological Refractory Period paradigm,

24 10.75 (9.81
auditory DT (SOA Oms) RT1 error rate (%) ( )
Psychological Refractory Period paradigm,
auditory DT (SOA Oms RT2) error rate cost 24 3.42 (6.92)
(%)

Psychological Refractory Period paradigm,

visual ST RT (ms) 24 503.54 (109.17)
P§ycholog|cal Refractory Period paradigm, 24 3.42 (4.55)
visual ST error rate (%)

Psychological Refractory Period paradigm,

2 1312. 18.22
visual DT (SOA Oms) RT2 (ms) 4 312.99 (418.22)
Psychological Refractory Period paradigm,

2 . 1.2
visual RT2 DT cost (SOA Oms), RT (ms) 4 809.45 (381.28)
Psychological Refractory Period paradigm, 24 7.75(7.13)

Page 235 of 359



Psychological Refractory Period paradigm,

visual DT (SOA Oms) RT2, error rate cost (%) 24 4.33(5.71)
PRP paradigm, DT (SOA Oms) RT2-RT1, RT 24 233.37 (134.72)
cost (ms)

PRP paradigm, DT (SOA Oms) RT2-RT1, error 24 10,03 (0.08)
rate cost (%)

Psychological Refractory Period paradigm,

visual DT RT2 (SOA 1000ms) (ms) 24 743.43 (360.35)
Psychological Refractory Period paradigm

effect, SOA 0 — 1000ms, visual task, RT2 24 569.56 (254.83)
(ms)

Psychological Refractory Period paradigm,

visual DT RT2 (SOA 1000ms) rate (%) 24 9.08 (11.25)
Psychological Refractory Period paradigm

effect, SOA 0 — 1000ms, RT2 error rate (%) | 24 -1.33 (9.60)
Psychological Refractory Period ANOVA, i <0.001
RT2, SOA Oms, SOA 1000ms '
Psychological Refractory Period ANOVA, i 0.503

RT2, error SOA Oms, SOA 1000ms )

RT - Response time, SOA - Stimulus Onset Asynchrony, * - one-way repeated measures.

In the TEA test, a paired-samples t-test between the auditory and telephone code search
tasks revealed a significant difference in accuracy performance between the two, t(23) =

2.541, p = 0.018.

In the second DT, the first condition of the PRP task at SOA Oms, the visual and auditory
stimuli were presented at the same time. A paired-samples t-test between the ST and DT at
SOA Oms showed significance for the auditory task (RT1) RT, ¢(23) =-7.01, p < 0.001, and
error rate, t(23) =-2.42, p = 0.024, and the visual task (RT2) RT, t(23) =-10.40, p < 0.001, and
error rate, t(23) =-3.72, p = 0.001.

Analysis of the performance between the two tasks at SOA Oms showed there to be a
difference in the performance for RT, t(23) = -8.49, p < 0.001, but not error rate, t(23) =
1.96. p < 0.062.

The second PRP DT ability was assessed at SOA 1000ms. Here only the visual stimuli, RT2,
was considered as this was the task presented at 1000ms (Pashler, 1994; Schubert &
Szameitat, 2003a; Szameitat et al., 2011). A paired-samples t-test confirmed the difference
between the performance at SOA Oms and 1000ms was significant for RT only, t(23) = 10.95,
p < 0.001. Thus, no difference in accuracy, t(23) =-0.68, p = 0.503.
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In summary, both tasks demonstrated the groups’ capability in completing tasks
simultaneously, although at a cost, in comparison to the completion of two tasks

individually.

S. Inhibition

Inhibition was examined using the HSCT and the Stroop task. The groups’ performance

results can be viewed in Table S1.3 below.

Table S1.3. Inhibition Results of the Young Adult Participants

Young Adults
Task n (Mean/SD)
Hayling sentence completion test, Part A RT (s) 26 22.27 (8.22)
Hayling §entence completion test, Part A RT 26 4.73 (1.08)
completion score
Hayling sentence completion test, Part B RT (s) 26 29.04 (18.53)
Hayling sentence completion test, Part B RT score 26 5.92 (0.84)
I(-IS';\yllng sentence completion test, inhibition RT cost | 26 6.77 (17.80)
Hayling sentence completion test, Part C, Error score | 26 6.00 (1.98)
Hayling sentence completion test, overall score 26 5.38 (1.36)
Stroop, Word (no. out of 100) 26 93.19 (10.00)
Stroop, Colour (no. out of 100) 26 71.54 (13.97)
Stroop, Colour-Word (no. out of 100) 26 47.04 (10.92)
Stroop, Colour-Word’ (no. out of 100) 26 39.69 (5.39)
Stroop, CW-W 26 -46.15 (14.71)
Stroop, CW-C 26 -24.50 (14.19)
Stroop, ANOVA - <0.001*
Stroop, Inhibitory control 26 6.92 (10.48)

* - one-way repeated measures.

Please note one participant was removed from analysis due to audio recording issues. In the
HSCT, a paired-samples t-test showed there to be no difference in the groups’ performance
between parts A and B, t(25) =-1.94, p = 0.064. The test’s scoring system categorised part A
performance as ‘moderately average’, part B as ‘average’, the error rate performance in
part B as ‘moderately average’, and the overall test score collectively classified to be
‘moderately average’. Though, individual participant performances ranged from ‘poor’ to
‘high average’. This is in line with a study reported by Borella et al (2011), as a result

individual differences.
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A one-way repeated measures ANOVA [conditions (C, W, CW)] was calculated F(2, 50) =
124.78, p < 0.001, N,? = 0.83, which revealed a significant difference in the accuracy
performance between the three Stroop conditions. Thus, the Stroop effect was observed as

expected in the CW section.

However, the positive value of the interference score [6.92 (10.48)] indicates that the group
possessed adequate ability in inhibiting interfering information (Scarpina & Tagini, 2017;

Stroop, 1935).

To compare the difference in the costs between performance in the CW and C (CW-C), and
W (CW-W), a paired-samples t-test was conducted. Significance was found, t(25) = 7.00, p <

0.001, indicating the performance of the two congruent tasks was difference.

In conclusion, both tasks attained the desired outcome when assessing inhibition. The group
were able to successfully control their inhibitory capacity, though their performance was

not as efficient as in the non-inhibitory conditions.

S. Shifting
Shifting was examined using the task switching test and TMT. The groups’ performance

results can be viewed in Table S1.4 below.

Table S1.4. Shifting Results of the Young Adult Participants

Young Adults
Task n (Mean/SD)
Task Switching, local shift repetition RT (ms) 26 1253.00 (350.88)
Task Switching, local shift repetition error rate (%) 26 3.69 (4.22)
Task Switching, local shift shifting RT (ms) 26 1328.95 (340.29)
Task Switching, local shift shifting error rate (%) 26 8.42 (7.72)
Task Switching, local shift cost (RT) 26 75.96 (84.29)
Task Switching, local shift error rate cost (%) 26 4.77 (5.92)
Task Switching, mixing task repetition RT (ms) 26 966.32 (179.70)
Task Switching, mixing task repetition error rate (%) 26 2.85 (2.74)
Task Switching, mixing task shifting RT (ms) 26 1253.00 (350.88)
Task Switching, mixing task shifting error rate (%) 26 3.69 (4.22)
Task Switching, mixing task cost (RT) 26 286.67 (222.77)
Task Switching, mixing task error rate cost (%) 26 0.88(3.71)
Task Switching, global shift repetition RT (ms) 27 963.08 (177.01)
Task Switching, global shift repetition error rate (%) 27 3.04 (2.86)
Task Switching, global shift shifting RT (ms) 27 1312.44 (349.75)
Task Switching, global shift shifting error rate (%) 27 8.96 (7.94)
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Task Switching, global shift cost (RT) 27 349.36 (219.29)
Task Switching, global shift error rate cost (%) 27 5.85(5.72)
Task Switching, RT cost ANOVA - < 0.001
Task Switching, error rate ANOVA - < 0.001
Trail Making Test, Part A RT (s) 24 32.29 (10.80)
Trail Making Test, Part A error rate (%) 24 2.08 (10.21)
Trail Making Test, Part B RT (s) 19 64.11 (19.54)
Trail Making Test, Part B error rate (%) 19 15.79 (33.55)
Trail Making Test, RT Shifting cost (s) 19 31.00 (17.68)
Trail Making Test, Error rate shifting cost (%) 19 13.16 (36.67)

Three shifting types were assessed with the task switching task, local shift, mixing task, and

global shift.

Paired-samples t-test comparing performance between the repetition and shifting
conditions revealed significance in all the RTs, and all but one of the error rates. For the
local shift, RT, t(25) =-4.60, p < 0.001, and the error rate, t(25) = -4.08, p < 0.001. For mixing
task, RT, t(25) = -6.56, p < 0.001, and the error rate, t(25) =-1.19, p = 0.247. For global shift,
RT, t(26) = -8.28, p < 0.001, and the error rate, t(26) = -5.26, p < 0.001.

The shift types were compared with ANOVA analysis (local shift, mixing task, global shift),
revealing a significance difference for both the RTs and error rates, F(2, 24) = 43.50, p <

0.001, N,?=0.78, and F(2, 24) = 11.95, p < 0.001, 1N,? = 0.50, respectively.

Hence, participants presented with the characteristic task-shifting costs associated with this
task by producing longer RTs, more errors, in two of the shifting types assessed, indicating

the demand on the shifting EF.

In the TMT, a significant difference with the RT was also shown between the task conditions,
t(18) =-7.64, p < 0.001. Although, an insignificant difference in shifting error rate was found,
t(18) =-1.56, p = 0.135, which is understandable as only the good performers were included

in the task analysis.

To conclude, shifting ability assessment with the task switching task resulted in prolonged
RTs, and increased error rates with the local and global shift analysis. From the participants
that successfully completed the entire TMT, there was no difference in error rate

performance between the repetition and shifting conditions, only with the RT.
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S. Updating

Updating was examined using the BDS test and n-back task. The groups’ performance

results can be viewed in Table S1.5 below.

Table S1.5. Updating Results of the Young Adult Participants

Young Adults
Task n (Mean/SD)
Backward Digit Span Test (no. out of 14 spans) 28 7.86(2.16)
N-back, RT, ANOVA* - 0.392
N-back, error rate, ANOVA* - <0.001
N-back, O-, RT 26 536.86 (89.89)
N-back, 0-, error rate (%) 26 2.40 (2.32)
N-back, 1-, RT 26 525.91 (153.08)
N-back, 1-, error rate (%) 26 14.90 (8.13)
N-back, 2-, RT 26 573.06 (186.48)
N-back, 2-, error rate (%) 26 40.05 (18.65)
N-back, 3-, RT 26 562.74 (189.19)
N-back, 3-, error rate (%) 26 52.84 (14.81)
N-back, RT updating cost (ms) 26 25.88 (186.22)
N-back, error rate updating cost (%) 26 50.43 (14.34)

The group averaged a score equated to a span length of 5.

However, all participants were

able to successfully recall up to 4 digits backwards. Only two participants were able to

correctly recall the longest span of 8 digits, one doing so in both trials, see Table S1.6 for

more detail. No participant scored the maximum test score of 14, i.e. correctly recall all the

spans in reverse order.

Table S1.6. Young Adults Backward Digit Span Performance. The test involves the completion of seven

spans (lengths 2 to 8), twice. The highest span length achieved by a participant is presented.

Span Length

Highest Span Achieved

2 0

0

6

5

12

3

0 Njoojnn|b~w

2

With the n-back task, a one-way repeated measures ANOVA test [conditions (0-, 1-, 2-, and

3-back)] indicated an insignificant main effect between the RTs of the n-back conditions, F(3,

75) = 1.01, p = 0.392, ,?= 0.04. Another one-way repeated measures ANOVA [conditions
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(0-, 1-, 2-, and 3-back)] test on the error rates showed a significant main effect, F(3, 75) =

140.01, p < 0.000, N,? = 0.85, as seen with the increase in errors produced with task

difficulty.
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Figure S1.1. Young Adult Group N-Back task performance. This figure presents the relationship
between the mean n-back RT in ms (line and right axis) and the error rates in % (bars and left axis) at
0-, 1-, 2-, and 3-back in the young adult group. Error bars denote SEM (standard error mean).

The combined performances are seen in Figure S1.1. The fastest RTs were observed at the 1-

back and largest error rate at 3-back.

To further examine the groups’ performance, a series of pairwise paired-samples t-tests was
conducted between the n-back conditions for RTs and error rates. Based on the Bonferroni
correction, the alpha was taken as 0.00851. Significance was only found between all the
error rate pair comparisons, confirming that there were indeed differences in the accuracy
performance of all the n-back task condition performances. The participants spent

approximately the same amount of time completing each n-back condition.

Finally, the updating cost (difference between the 3-back and 0-back conditions) further
demonstrated the large difference in error rate between the easiest and hardest n-back

condition, 50.43% (14.34), and the rather small increase in RT 25.88ms (186.22).

In sum, the assessment of updating was confirmed with both tasks. As the task demand

increased, the participants produced more errors during performance of both tasks.
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S. Discussion

This study forms the basis for a cross-sectional study on the assessment of the four EF
abilities. The data gathered here sets the reference point for comparison with an older adult
group. Thus, the CH young adults were characterised for their abilities in dual-tasking,
inhibition, shifting and updating, with two separate tasks each. The results demonstrated
that these individuals did not encounter any problems in performing the tasks and the tasks
were sensitive enough to not show ceiling effects. Furthermore, EFs are usually assessed by
comparing a baseline condition with low demands, i.e. ST, congruent, task repetition, O-
back, etc, with the higher demand condition, i.e. DT, incongruent, task shifting, 3-back, etc.
By comparing the two conditions, for instance DT vs ST, congruent vs incongruent, shifting
vs repetition, 0- vs 3-back, an estimation of the respective EF ability is determined. In other
words, the ‘cost’” measures (i.e. DT, inhibition, shifting, updating costs) is taken as reflecting
the demands on the EF. Thus, this study confirmed that all paradigms worked sufficiently,
and the costs may be observed as a ‘proof of concept’. Consequently, the cost measures for

the young adult controls were determined.

S. Dual-tasking

In the examination of dual-tasking capability, a modified TEA telephone search subtest and
the PRP task were used. The findings from the TEA test suggest that the participants were
better at completing the auditory task in comparison to the visual telephone code search
task during the DT condition. This could be due to the participants not being able to
maintain simultaneous performance in each task of the ST condition, therefore sacrificing
the visual task over the auditory, as a strategic choice. However, it could be that the visual
task was more demanding than the auditory task and hence the participants preferred to
complete the easier auditory task. Accordingly, it has been suggested that task context,
characteristic, as well as the use of technology may factor into how individuals strategise

undertaking a DT (Israel & Cohen, 2011; Janssen & Brumby, 2010).

In the PRP, the DT costs and the PRP effect for the RTs and error rates were considered.
Firstly, significant DT costs, i.e. the difference in the RT and error rate of the auditory task
(RT1) and visual task (RT2) during ST and at SOA Oms were observed. Specifically increased

RTs and errors rates during dual-tasking. However, since RT1 was responded to first, there
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was a significant difference between their RT DT costs but not the error rates. Therefore,
demonstrating interference of the two tasks with each other during such performance is
caused by competition for controlled-attention resources (Pashler, 1992; Schubert, 2008).
Notably, STs are simple and less demanding to complete, whereas the cognitive process of
dual-tasking demands additional functions, for example, the recruitment of supplementary
EFs for coordinating and resolving the interference, such as divided attention. Accordingly,
the occurrence of such costs confirms this task as an assessment of dual-tasking and its

validation for use in this research with other participant groups.

The second assessment of the PRP task was the PRP effect indicating the inability to process
two tasks simultaneously by the bottleneck (Lagué-Beauvais, Gagnon, et al., 2013; Pashler,
1984, 1994; Schubert et al., 2008). This was evident with this young adult groups’
performance during the visual task at SOA 0 and 1000ms by the difference in RT and error
rates produced. It revealed the increased occurrence of a delay during the processing of the
visual task at SOA Oms, when the auditory and visual tasks are simultaneously presented, in
comparison to at 1000ms, when the visual task is presented 1000ms after the auditory task.
Similarly, as with DT costs, the interference at the bottleneck shows the demand for
additional EFs for its resolution. However, there is a difference in these assessments. DT cost
is a broader assessment in that it compares performance in ST, where there is only one
requirement of a stimulus-response mapping in WM for its completion, to dual-tasking,
which entails two. In the PRP effect, two DT conditions are compared with each other,
making it is a more specific measure. Still, both measures showed significant DT costs and

will be considered in the cross-sectional study.

S. Inhibition

Inhibitory control was assessed with the Stroop task and the HSCT. The Stroop task’s
measure of inhibition is mainly based on performance in its incongruent, CW condition,
where participants are required to suppress their automated reading response in favour of
the less automated naming the ink colour response. This interference is referred to as the
Stroop effect and calculated as a score of the overall task, including performance in the
congruent word and colour only sections (Addlfsdottir et al., 2017), which was evident with

this young adult population. The task requires participants to have sufficient availability of
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resources and effective flexible allocation of attention to successfully complete the sections,
as well as the ability to efficiently maintain the active goal state, in order to successfully
account for the task demands (D. P. McCabe et al., 2005). Thus, in addition to assessing
inhibition, it is known to also measure other cognitive processes, including attention,
processing speed, cognitive flexibility, and WM, and so may be employed for measuring

several cognitive functions (Scarpina & Tagini, 2017).

The ability to inhibit was further observed with the HSCT through the evaluation of the
participants RT and error made during completion of its second condition, where the
participants had to produce a word to create a non-meaningful sentence, the interference.
This requires the cognitive process of controlled attention to inhibit interference from the
highly activated, automated, connected word, for the sentence. However, cognitive
processes such as language, and semantic memory, and the ability to initiate and generate a
response are fundamental and basic necessities to effectively understand and process the
task, overall (Cervera-Crespo & Gonzalez-Alvarez, 2017). The observation of an increase in
RTs in the condition in comparison to the first, non-inhibition condition, as well as a reduced
number of correct responses, reflects inhibition failures. An overall test score is calculated
based on these RTs, and the errors produced in the inhibition condition (Bielak et al., 2006;
Borella et al., 2011). A disadvantage of this test is that it fails to consider errors that may be
generated in the non-inhibition condition. Even so, this task is regarded as a better measure
of inhibition than the Stroop task because it seems to resemble inhibitory demands of actual
life, since the capacity to suppress inappropriate words and/or behaviours forms part of
numerous regular social interactions (Burgess et al., 2006). Nevertheless, both tasks were

successful in assessing the EF inhibition in this young adult group.

S. Shifting

The ability to shift was evaluated with a computerised task switching test and the TMT
through the measure of shifting cost. In the TMT, shifting capacity was tested in the second
section of the assessment. The participants produced longer RTs, due to the increase in task
demands, as a consequence of alternating between connecting a number to a letter and
back to a number, etc, in ascending order, as observed by the significant difference reported

in the RT shifting cost. The cognitive processes, inhibition/interference control, attention,
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episodic memory, and WM are all thought to contribute to its performance, in addition to
semantic memory, as prior knowledge of the alphabet and ascending number sequence is
required for its successfully completion (Oosterman et al., 2010; Salthouse, 2011b; Sanchez-
Cubillo et al., 2009). A shortcoming of the task is that shifting cost is calculated from only
one performance of a non-shifting and shifting trial, however as this single performance
consists of repeated actions, each move to the next number or letter may be considered a
trial. Still, the change in task demand can be observed by the number of participants who
successfully completed part A, approximately 96%, in comparison to part B, 77%, of the
task, where those who produced more than two errors in either part of the task were
excluded from use in the final analysis. So, it can be concluded that this task was successful

in assessing shifting ability, and no floor or ceiling effects were produced.

Significance in RT and error rate of the local shift and global shift shifting cost, including the
RT of the mixing shifting cost, with the task switching was further observed. The shifting
costs indicated the successfulness of this task in this young adult group. These costs are
derived from the average performances in blocks from a non-shifting condition and a
shifting condition, and so represent difficulty in maintaining and selecting between the two
possible response sets (Reimers & Maylor, 2005). Hence, the global shift cost is understood
to be associated with the maintenance of numerous task configurations in WM (Huff et al.,
2015; Wasylyshyn et al., 2011). Whereas local shift cost measures the ability to inhibit the
thought process of the previous trial to complete the current trial (Monsell, 2003). The
mixing cost is thought to reflect the ability to maintain executive control in completing

multiple task conditions (Braver et al., 2003; W. P. Chang et al., 2020).

Therefore, the attentional and shifting demands may be considered to be higher than with
the TMT. Furthermore, it has been found that participants respond significantly slower and
typically with less accuracy directly following completion of a shifting trial. Thus, as the task
conditions are randomly cued in this task, i.e. one shifting trail may be followed by a non-
shifting trial, and then the other non-shifting trial, this may contribute further to the shifting
cost. Even so, this may be reduced through adequate preparation, as with this task and
usually in computerised task switching tasks, a cue was presented prior to each trial (Hirsch

et al., 2016; Monsell, 2003). Regardless, this task demonstrated efficacy is assessing the EF
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shifting. Hence, it can be seen that both shifting paradigms worked well in this young adult

group through the production of costs.

S. Updating

WM updating capability was studied with the verbal BDS test and a spatial n-back task. With
the BDS task, all participants managed to average a span length of four, a length suggested
to be an average for this population by Woods et al (2011) who observed a span of 4to 6 in
their study assessing young and middle-aged healthy adults. This task, as well as other span
tasks, is alleged to be dependent on several cognitive factors, including chunking and
rehearsal. A domain general ability for the allowance of cognitive control and executive
attention, particularly in verbal skills but especially in the facilitation of WM storage
(Conway et al., 2005). The demand on WM storage is shown through the decreased number
of participants successfully recalling the longer span lengths backwards. Hence, this task was

effective in assessing updating ability in this group.

Likewise, in the n-back task, accuracy in task performance was greatly affected with increase
in WM memory demands. A significance in updating error rate cost was reported, in
comparison to relatively small RT updating cost. The increase in n-back difficulty resulted in
increased task demands on WM as shown by the gradual increase in error rates from 0- to
3-back, whereas RTs were roughly constant for the group. Collectively, it requires the
cognitive processes, attention, selection, decision-making, spatial awareness, the encoding
of the incoming stimuli, WM, along with inhibition and interference of the previous trial
and/or task condition (Jaeggi et al., 2010; Owen et al., 2005; Redick & Lindsey, 2013). Thus,
as the n-back condition increases, the demands on spatial awareness, and especially
encoding of new information and updating of WM are demonstrated with the increased
error rate. Evidently, this and the BDS test proved sufficient in the examination of updating

capability.

The EF findings of this young adult group will be referred to in the behavioural study of CH

older adult group for a cross-sectional analysis of performance, presented in Chapter 3.
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S. Conclusion

These results provide the basis for the analysis of how EFs are affected by ageing and/or
neurodegenerative conditions. As discussed in the introductory section, CH young adults are
suggested to be better performers than other adult groups in a range of EFs, and thus
constitute a good foundation for comparison studies with other adult populations, including

CH older adults.

Page 247 of 359



References

2020 Alzheimer’s disease facts and figures. (2020). Alzheimer’s and Dementia, 16(3), 391-460.
https://doi.org/10.1002/alz.12068

Abdulrahman, H., Fletcher, P. C., Bullmore, E., & Morcom, A. M. (2017). Dopamine and memory
dedifferentiation in aging. Neurolmage, 153, 211-220.
https://doi.org/10.1016/j.neuroimage.2015.03.031

Adcock, R. A, Constable, R. T., Gore, J. C., & Goldman-rakic, P. S. (2000). Functional neuroanatomy of
executive processes involved in dual-task performance. Proceedings of the National Academy
of Sciences of the United States of America, 97(7), 3567—-3572.

Addlfsdottir, S., Wollschlaeger, D., Wehling, E., & Lundervold, A. J. (2017). Inhibition and Switching in
Healthy Aging: A Longitudinal Study. Journal of the International Neuropsychological Society,
23(1), 90-97. https://doi.org/10.1017/51355617716000898

Adollfsdottir, S., Haasz, J., Wehling, E., Ystad, M., Lundervold, A., & Lundervold, A. J. (2014). Salient
measures of inhibition and switching are associated with frontal lobe gray matter volume in
healthy middle-aged and older adults. Neuropsychology, 28(6), 859—869.
https://doi.org/10.1037/neu0000082

Ahn, H.-J., Seo, S. W., Chin, J., Suh, M. K,, Lee, B. H., Kim, S. T., Im, K., Lee, J.-M., Lee, J. H., Heilman, K.
M., & Na, D. L. (2011). The cortical neuroanatomy of neuropsychological deficits in mild
cognitive impairment and Alzheimer’s disease: A surface-based morphometric analysis.
Neuropsychologia, 49(14), 3931-3945.
https://doi.org/10.1016/j.neuropsychologia.2011.10.010

Aisenberg, D., Cohen, N., Pick, H., Tressman, I., Rappaport, M., Shenberg, T., & Henik, A. (2015).
Social priming improves cognitive control in elderly adults - Evidence from the Simon task. PLoS
ONE, 10(1), 1-17. https://doi.org/10.1371/journal.pone.0117151

Aisenberg, D., Sapir, A., D’Avossa, G., & Henik, A. (2014). Long trial durations normalise the
interference effect and sequential updating during healthy aging. Acta Psychologica, 153, 169—
178. https://doi.org/10.1016/j.actpsy.2014.10.005

Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, B., Feldman, H., Fox, N. C., Gamst, A., Holtzman, D.
M., Jagust, W. J., Petersen, R. C., Snyder, P. J., Carrillo, M. C., Theis, B., & Phelps, C. H. (2011).
The diagnosis of mild cognitive impairment due to Alzheimer’s disease: Recommendations
from the National Institute on Aging-Alzheimer’s Association workgroups on. Alzheimer’s &
Dementia, 7(3), 270-279. https://doi.org/10.1016/].jalz.2011.03.008.The

Albinet, C. T., Boucard, G., Bouquet, C. A,, & Audiffren, M. (2012). Processing speed and executive

Page 248 of 359



functions in cognitive aging: How to disentangle their mutual relationship? Brain and Cognition,
79(1), 1-11. https://doi.org/10.1016/j.bandc.2012.02.001

Albrecht, D. S., Kareken, D. A., Christian, B. T., Dzemidzic, M., & Yoder, K. K. (2014). Cortical
dopamine release during a behavioral response inhibition task. Synapse, 68(6), 266-274.
https://doi.org/10.1002/syn.21736

Alexander, G., DeLong, M., & Strick, P. (1986). Parallel Organization of Functionally Segregated
Circuits Linking Basal Ganglia and Cortex. Annual Review of Neuroscience, 9(1), 357—381.
https://doi.org/10.1146/annurev.neuro.9.1.357

Alichniewicz, K. K., Brunner, F., Klinemann, H. H., & Greenlee, M. W. (2013). Neural correlates of
saccadic inhibition in healthy elderly and patients with amnestic mild cognitive impairment.
Frontiers in Psychology, 4(JUL), 1-12. https://doi.org/10.3389/fpsyg.2013.00467

Allen, P. A., Lien, M. C., Murphy, M. D., Sanders, R. E., Judge, K. S., & McCann, R. S. (2002). Age
differences in overlapping-task performance: Evidence for efficient parallel processing in older
adults. Psychology and Aging, 17(3), 505-519. https://doi.org/10.1037/0882-7974.17.3.505

Allen, P. A., Smith, A. F., Vires-Collins, H., & Sperry, S. (1998). The psychological refractory period:
Evidence for age differences in attentional time-sharing. Psychology and Aging, 13(2), 218-229.
https://doi.org/10.1037/0882-7974.13.2.218

Alvarez, J. A., & Emory, E. (2006). Executive function and the frontal lobes: A meta-analytic review.
Neuropsychology Review, 16(1), 17-42. https://doi.org/10.1007/s11065-006-9002-x

Alzheimer’s Society. (2015). What is mild cognitive impairment (MCl)? Factsheet 470LP.
https://www.alzheimers.org.uk/sites/default/files/pdf/factsheet_what_is_mild_cognitive_imp
airment_mci.pdf

Amanzio, M., Torta, D. M. E., Sacco, K., Cauda, F., D’Agata, F., Duca, S., Leotta, D., Palermo, S., &
Geminiani, G. C. (2011). Unawareness of deficits in Alzheimer’s disease: Role of the cingulate
cortex. Brain, 134(4), 1061-1076. https://doi.org/10.1093/brain/awr020

Amer, T., & Hasher, L. (2014). Conceptual Processing of Distractors by Older but Not Younger Adults.
Psychological Science, 25(12), 2252—2258. https://doi.org/10.1177/0956797614555725

Amieva, H., Lafont, S., Rouch-Leroyer, I., Rainville, C., Dartigues, J. F., Orgogozo, J. M., & Fabrigoule,
C. (2004). Evidencing inhibitory deficits in Alzheimer’s disease through interference effects and
shifting disabilities in the Stroop test. Archives of Clinical Neuropsychology, 19(6), 791-803.
https://doi.org/10.1016/j.acn.2003.09.006

Amieva, H., Phillips, L. H., Della Sala, S., & Henry, J. D. (2004). Inhibitory functioning in Alzheimer’s
disease. In Brain (Vol. 127, Issue 5, pp. 949-964). https://doi.org/10.1093/brain/awh045

Aminoff, E. M., Kveraga, K., & Bar, M. (2013). The role of the parahippocampal cortex in cognition.

Page 249 of 359



Trends in Cognitive Sciences, 17(8), 379-390. https://doi.org/10.1016/].tics.2013.06.009.The

Anderson, M., Bucks, R. S., Bayliss, D. M., & Della Sala, S. (2011). Effect of age on dual-task
performance in children and adults. Memory and Cognition, 39(7), 1241-1252.
https://doi.org/10.3758/s13421-011-0099-7

Anderson, N. D., & Craik, F. I. M. (2017). 50 years of cognitive aging theory. Journals of Gerontology -
Series B Psychological Sciences and Social Sciences, 72(1), 1-6.
https://doi.org/10.1093/geronb/gbw108

Andrés, P., Guerrini, C., Phillips, L. H., & Perfect, T. J. (2008). Differential effects of aging on executive
and automatic inhibition. Developmental Neuropsychology, 33(2), 101-123.
https://doi.org/10.1080/87565640701884212

Andrés, P., & Van Der Linden, M. (2002). Are central executive functions working in patients with
focal frontal lesions? Neuropsychologia, 40(7), 835—845. https://doi.org/10.1016/5S0028-
3932(01)00182-8

Apostolova, L. G., Green, A. E., Babakchanian, S., Hwang, K. S., Chou, Y.-Y., Toga, A. W., & Thompson,
P. M. (2012). Hippocampal atrophy and ventricular enlargement in normal aging. Alzheimer
Disease and Associated Disorders, 26(1), 17-27.
https://doi.org/10.1097/WAD.0b013e3182163b62.Hippocampal

Arfanakis, K., Haughton, V. M., Carew, J. D., Rogers, B. P., Dempsey, R. J., & Meyerand, M. E. (2002).
Diffusion Tensor MR Imaging in Diffuse Axonal Injury. American Journal of Neuroradiology,
23(5), 794-802.

Argiris, G., MacPherson, S. E., Della Sala, S., & Foley, J. A. (2019). The Relationship Between Dual-
Tasking and Processing Speed in Healthy Aging. Psychology and Neuroscience.
https://doi.org/10.1037/pne0000189

Aron, A. R. (2007). The neural basis of inhibition in cognitive control. Neuroscientist, 13(3), 214-228.
https://doi.org/10.1177/1073858407299288

Aron, A. R., Monsell, S., Sahakian, B. J., & Robbins, T. W. (2004). A componential analysis of task-
switching deficits associated with lesions of left and right frontal cortex. Brain, 127(7), 1561—
1573. https://doi.org/10.1093/brain/awh169

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2004). Inhibition and the right inferior frontal cortex.
Trends in Cognitive Sciences, 8(4), 170-177. https://doi.org/10.1016/].tics.2004.02.010

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2014). Inhibition and the right inferior frontal cortex:
One decade on. Trends in Cognitive Sciences, 18(4), 177-185.
https://doi.org/10.1016/j.tics.2013.12.003

Artuso, C., Cavallini, E., Bottiroli, S., & Palladino, P. (2017). Updating working memory: memory load

Page 250 of 359



matters with aging. Aging Clinical and Experimental Research, 29(3), 371-377.
https://doi.org/10.1007/s40520-016-0581-y

Aschersleben, G., & Muesseler, J. (2008). Dual-task performance while driving a car: Age-related
differences in critical situations. Proceedings of the 8th Annual Conference of the Cognitive
Science Society of Germany. Saarbriicken.

Ashburner, J., & Friston, K. J. (2000). Voxel-based morphometry - The methods. Neurolmage, 11(6 1),
805—821. https://doi.org/10.1006/nimg.2000.0582

Association Alzheimer’s. (2017). 2017 Alzheimer’s disease facts and figures. Alzheimer’s and
Dementia, 13(4), 325-373. https://doi.org/10.1016/].jalz.2017.02.001

Audiffren, M., Tomporowski, P. D., & Zagrodnik, J. (2009). Acute aerobic exercise and information
processing: Modulation of executive control in a Random Number Generation task. Acta
Psychologica, 132(1), 85-95. https://doi.org/10.1016/j.actpsy.2009.06.008

Aurtenetxe, S., Garcia-Pacios, J., Rio, D. del, Lépez, M. E., Pineda-Pardo, J. A., Marcos, A., Losada, M.
L. D., Ldpez-Frutos, J. M., & Maestu, F. (2016). Interference impacts working memory in mild
cognitive impairment. Frontiers in Neuroscience, 10(OCT).
https://doi.org/10.3389/fnins.2016.00443

Azizian, A., Watson, T. D., Parvaz, M. A,, & Squires, N. K. (2006). Time course of processes underlying
picture and word evaluation: An event-related potential approach. Brain Topography, 18(3),
213-222. https://doi.org/10.1007/s10548-006-0270-9

Azuma, T., Sabbagh, M. N., & Connor, D. J. (2013). The effect of healthy aging and mild cognitive
impairment on semantic ambiguity detection. Journal of Neurolinguistics, 26(2), 271-282.
https://doi.org/10.1016/j.jneuroling.2012.09.003

Baars, B. J., & Gage, N. M. (2010). Cognition, Brain, & Consciousness, 2nd Ed. In Introduction to
Cognitive Neuroscience. http://books.google.es/books?id=IEDyN5-
80E8C&printsec=frontcover&dqg=intitle:COGNITION+BRAIN+AND+CONSCIOUSNESS&hl=&cd=1
&source=ghs_api%0Apapers2://publication/uuid/93671AE3-637B-4D5F-8B31-D264A1ACC4D3

Backman, L., Nyberg, L., Lindenberger, U., Li, S. C., & Farde, L. (2006). The correlative triad among
aging, dopamine, and cognition: Current status and future prospects. Neuroscience and
Biobehavioral Reviews, 30(6), 791-807. https://doi.org/10.1016/j.neubiorev.2006.06.005

Baddeley, A. (1996). Exploring the Central Executive. Quarterly Journal of Experimental Psychology
Section A: Human Experimental Psychology, 49(1), 5-28. https://doi.org/10.1080/713755608

Baddeley, A. (1998). Random generation and the executive control of working memory. The
Quarterly Journal of Experimental Psychology: Section A, 51(4), 819-852.

Baddeley, A. (2000). The episodic buffer: A new component of working memory? Trends in Cognitive

Page 251 of 359



Sciences, 4(11), 417-423. https://doi.org/10.1016/5S1364-6613(00)01538-2

Baddeley, A. (2012). Working Memory: Theories, Models, and Controversies. Annual Review of
Psychology, 63, 1-29. https://doi.org/10.1146/annurev-psych-120710-100422

Baddeley, A., Baddeley, H. A., Bucks, R. S., & Wilcock, G. K. (2001). Attentional control in Alzheimer’s
disease. Brain, 124(8), 1492-1508. https://doi.org/10.1093/brain/124.8.1492

Baddeley, A., Bressi, S., Della Sala, S., Logie, R. H., & Spinnler, H. (1991). The decline of working
memory in alzheimer’s disease: A longitudinal study. Brain, 114(6), 2521-2542.
https://doi.org/10.1093/brain/114.6.2521

Baddeley, A., Emslie, H., & Nimmo-Smith, I. (1993). The Spot-the-Word test: A robust estimate of
verbal intelligence based on lexical decision. British Journal of Clinical Psychology, 32(1), 55-65.
https://doi.org/10.1111/j.2044-8260.1993.tb01027 .x

Baddeley, A., & Hitch, G. (1974). Working Memory. In Psychology of Learning and Motivation (Vol. 8,
pp. 47-89). https://doi.org/10.1016/S0079-7421(08)60452-1

Baddeley, A., Logie, R. H., Bressi, S., Della Sala, S., & Spinnler, H. (1986). Dementia and Working
Memory. The Quarterly Journal of Experimental Psychology Section A, 38(4), 603—618.
https://doi.org/10.1080/14640748608401616

Baddeley, A., Thomson, N., & Buchanan, M. (1975). Word length and the structure of short-term
memory. Journal of Verbal Learning and Verbal Behaviour, 14, 575-589.

Badgaiyan, R. D., & Wack, D. (2011). Evidence of dopaminergic processing of executive inhibition.
PLoS ONE, 6(12). https://doi.org/10.1371/journal.pone.0028075

Bailey, H., Dunlosky, J., & Hertzog, C. (2009). Does Differential Strategy Use Account for Age-Related
Deficits in Working-Memory Performance? Psychology and Aging, 24(1), 82-92.
https://doi.org/10.1037/a0014078

Bailly, M., Destrieux, C., Hommet, C., Mondon, K., Cottier, J. P., Beaufils, E., Vierron, E., Vercouillie, J.,
Ibazizene, M., Voisin, T., Payoux, P., Barré, L., Camus, V., Guilloteau, D., & Ribeiro, M. J. (2015).
Precuneus and cingulate cortex atrophy and hypometabolism in patients with Alzheimer’s
disease and mild cognitive impairment: MRI and 18F-FDG PET quantitative analysis using
FreeSurfer. BioMed Research International, 2015(Mci). https://doi.org/10.1155/2015/583931

Baldo, J. V., Shimamura, A. P., Delis, D. C., Kramer, J., & Kaplan, E. (2001). Verbal and design fluency
in patients with frontal lobe lesions. Journal of the International Neuropsychological Society,
7(5), 586—-596. https://doi.org/10.1017/51355617701755063

Ball, G., Stokes, P. R., Rhodes, R. A, Bose, S. K., Rezek, I., Wink, A. M., Lord, L. D., Mehta, M. A,,
Grasby, P. M., & Turkheimer, F. E. (2011). Executive functions and prefrontal cortex: A matter

of persistence? Frontiers in Systems Neuroscience, 5(JANUARY 2011), 1-13.

Page 252 of 359



https://doi.org/10.3389/fnsys.2011.00003

Ballard, C. G., Aarsland, D., McKeith, I., O’Brien, J., Gray, A., Cormaak, F., Burn, D., Cassidy, T.,
Starfeldt, R., Larsen, J. P., Brown, R., & Tovee, M. (2002). Fluctuations in attention: PD
dementia vs DLB with parkinsonism. Neurology, 59(11), 1714-1720.
https://doi.org/10.1212/01.WNL.0000036908.39696.FD

Ballesteros, S., Mayas, J., & Reales, J. M. (2013). Cognitive function in normal aging and in older
adults with mild cognitive impairment. Psicothema, 25(1), 18-24.
https://doi.org/10.7334/psicothema2012.181

Balota, D. A. (1996). Lexical, sublexical, and implicit memory processes in healthy young and healthy
older adults and in individuals with dementia of the Alzheimer type. Neuropsychology, 10(1),
82-95. https://doi.org/10.1037/0894-4105.10.1.82

Balsis, S., Benge, J. F., Lowe, D. A., Geraci, L., & Doody, R. S. (2015). How Do Scores on the ADAS-Cog,
MMSE, and CDR-SOB Correspond? Clinical Neuropsychologist, 29(7), 1002—-1009.
https://doi.org/10.1080/13854046.2015.1119312

Band, G. P. H., Ridderinkhof, K. R., & Segalowitz, S. (2002). Explaining neurocognitive aging: Is one
factor enough? Brain and Cognition, 49(3), 259-267. https://doi.org/10.1006/brcg.2001.1499

Banich, M. T., Milham, M. P., Atchley, R., Cohen, N. J., Webb, A., Wszalek, T., Kramer, A. F., Liang, Z.
P., Wright, A., Shenker, J., & Magin, R. (2000). fMRI studies of stroop tasks reveal unique roles
of anterior and posterior brain systems in attentional selection. Journal of Cognitive
Neuroscience, 12(6), 988—1000. https://doi.org/10.1162/08989290051137521

Barbey, A. K., Koenigs, M., & Grafman, J. (2013). Dorsolateral Prefrontal Contributions to Human
Working Memory. Cortex, 49(5), 1195—1205. https://doi.org/10.1038/jid.2014.371

Barch, D. M., Braver, T. S., Nystrom, L. E., Forman, S. D., Noll, D. C., & Cohen, J. D. (1997).
Dissociating working memory from effort in human prefrontal cortex. Neuropsychologia,
35(10), 1373 1380.

Barulli, D. J., Rakitin, B. C., Lemaire, P., & Stern, Y. (2013). The Influence of Cognitive Reserve on
Strategy Selection in Normal Aging. Journal of the International Neuropsychological Society,
19(7), 841-844.

Basak, C., Qin, S., Nashiro, K., & O’Connell, M. A. (2018). Functional magnetic neuroimaging data on
age-related differences in task switching accuracy and reverse brain-behavior relationships.
Data in Brief, 19, 997-1007. https://doi.org/10.1016/j.dib.2018.05.059

Bashore, T. R.,, Osman, A., & Heffley, E. F. (1989). Mental slowing in elderly persons: a cognitive
psychophysiological analysis. Psychology and Aging, 4(2), 235-244.
https://doi.org/10.1037/0882-7974.4.2.235

Page 253 of 359



Bastug, G., Ozel-Kizil, E. T., Sakarya, A., Altintas, O., Kirici, S., & Altunoz, U. (2013). Oral trail making
task as a discriminative tool for different levels of cognitive impairment and normal aging.
Archives of Clinical Neuropsychology, 28(5), 411-417. https://doi.org/10.1093/arclin/act035

Baudic, S., Barba, G. D., Thibaudet, M. C., Smagghe, A., Remy, P., & Traykov, L. (2006). Executive
function deficits in early Alzheimer’s disease and their relations with episodic memory. Archives
of Clinical Neuropsychology, 21(1), 15-21. https://doi.org/10.1016/j.acn.2005.07.002

Bauer, C., Cabral, H., & Killiany, R. (2018). Multimodal Discrimination between Normal Aging, Mild
Cognitive Impairment and Alzheimer’s Disease and Prediction of Cognitive Decline. Diagnostics,
8(1), 14. https://doi.org/10.3390/diagnostics8010014

Baumeister, S., Hohmann, S., Wolf, |., Plichta, M. M., Rechtsteiner, S., Zangl, M., Ruf, M., Holz, N.,
Boecker, R., Meyer-Lindenberg, A., Holtmann, M., Laucht, M., Banaschewski, T., & Brandeis, D.
(2014). Sequential inhibitory control processes assessed through simultaneous EEG-fMRI.
Neurolmage, 94, 349-359. https://doi.org/10.1016/j.neuroimage.2014.01.023

Bayard, S., Erkes, J., & Moroni, C. (2011). Victoria stroop test: Normative data in a sample group of
older people and the study of their clinical applications in the assessment of inhibition in
alzheimer’s disease. Archives of Clinical Neuropsychology, 26(7), 653—661.
https://doi.org/10.1093/arclin/acr053

Bechara, A., Damasio, H., & Damasio, A. R. (2000). Emotion, decision making and the orbitofrontal
cortex. Cerebral Cortex, 10(3), 295—-307. https://doi.org/10.1093/cercor/10.3.295

Bélanger, S., & Belleville, S. (2009). Semantic Inhibition Impairment in Mild Cognitive Impairment: A
Distinctive Feature of Upcoming Cognitive Decline? Neuropsychology, 23(5), 592—-606.
https://doi.org/10.1037/a0016152

Bélanger, S., Belleville, S., & Gauthier, S. (2010). Inhibition impairments in Alzheimer’s disease, mild
cognitive impairment and healthy aging: Effect of congruency proportion in a Stroop task.
Neuropsychologia, 48(2), 581-590. https://doi.org/10.1016/j.neuropsychologia.2009.10.021

Belleville, S., Bherer, L., Lepage, E., Chertkow, H., & Gauthier, S. (2008). Task switching capacities in
persons with Alzheimer’s disease and mild cognitive impairment. Neuropsychologia, 46(8),
2225-2233. https://doi.org/10.1016/j.neuropsychologia.2008.02.012

Belleville, S., Chertkow, H., Davis, M. B., Hospital, J. G., & Gauthier, S. (2007). Working Memory and
Control of Attention in Persons With Alzheimer’s Disease and Mild Cognitive Impairment.
Neuropsychology, 21(4), 458—469. https://doi.org/10.1037/0894-4105.21.4.458

Belleville, S., Gauthier, S., Lepage, E., Kergoat, M. J., & Gilbert, B. (2014). Predicting decline in mild
cognitive impairment: A prospective cognitive study. Neuropsychology, 28(4), 643—652.
https://doi.org/10.1037/neu0000063

Page 254 of 359



Belleville, S., Rouleau, N., & Caza, N. (1998). Effect of normal aging on the manipulation of
information in working memory. Memory & Cognition, 26(3), 572-583.
https://doi.org/10.3758/BF03201163

Belleville, S., Rouleau, N., Linden, M. Van Der, Collette, F., Neuropsychologie, S. De, & Belleville, S.
(2003). Effect of Manipulation and Irrelevant noise on Working Memory Capacity of Patients
with Alzheimer’s Dementia. Neuropsychology, 17, 69-81.

Belleville, S., Rouleau, N., & Van der Linden, M. (2006). Use of the Hayling task to measure inhibition
of prepotent responses in normal aging and Alzheimer’s disease. Brain and Cognition, 62(2),
113-119. https://doi.org/10.1016/j.bandc.2006.04.006

Bender, A. D., Filmer, H. L., Garner, K. G., Naughtin, C. K., & Dux, P. E. (2016). On the relationship
between response selection and response inhibition: An individual differences approach.
Attention, Perception, & Psychophysics, 78(8), 2420-2432. https://doi.org/10.3758/s13414-
016-1158-8

Beni, R. De, Palladino, P., Pazzaglia, F., & Cornoldi, C. (1998). Increases in intrusion errors and
working memory deficit of poor comprehenders. The Quarterly Journal of Experimental
Psychology Section A Human Experimental Psychology, 51(2), 305—320.

Berg, E. A. (1948). A simple objective technique for measuring flexibility in thinking. The Journal of
General Psychology, 39(1), 15-22.

Berger, N., Richards, A., & Davelaar, E. J. (2017). When emotions matter: Focusing on emotion
improves working memory updating in older adults. Frontiers in Psychology, 8(SEP), 1-13.
https://doi.org/10.3389/fpsyg.2017.01565

Berridge, C. W., & Arnsten, A. F. T. (2015). Catecholamine mechanisms in the prefrontal cortex:
Proven strategies for enhancing higher cognitive function. Current Opinion in Behavioral
Sciences, 4, 33—40. https://doi.org/10.1016/j.cobeha.2015.01.002

Bettcher, B. M., Mungas, D., Patel, N., Elofson, J., Dutt, S., Wynn, M., Watson, C. L., Stephens, M.,
Walsh, C. M., & Kramer, J. H. (2016). Neuroanatomical substrates of executive functions:
Beyond prefrontal structures. Neuropsychologia, 85, 100—109.
https://doi.org/10.1016/j.neuropsychologia.2016.03.001

Bherer, L., Kramer, A. F., Peterson, M. S., Colcombe, S., Erickson, K., & Becic, E. (2006). Testing the
limits of cognitive plasticity in older adults : Application to attentional control. Acta
Psychologica, 123, 261-278. https://doi.org/10.1016/j.actpsy.2006.01.005

Bielak, A. A. M., Mansueti, L., Strauss, E., & Dixon, R. A. (2006). Performance on the Hayling and
Brixton tests in older adults: Norms and correlates. Archives of Clinical Neuropsychology, 21(2),

141-149. https://doi.org/10.1016/j.acn.2005.08.006

Page 255 of 359



Bier, B., Lecavalier, N. C., Malenfant, D., Peretz, I., & Belleville, S. (2017). Effect of Age on Attentional
Control in Dual-Tasking. Experimental Aging Research, 43(2), 161-177.
https://doi.org/10.1080/0361073X.2017.1276377

Binder, J. R., & Desai, R. H. (2011). The Neurobiology of Semantic Memory. 15(11), 527-536.
https://doi.org/10.1016/j.tics.2011.10.001.The

Binetti, G., Magni, E., Cappa, S. F., Padovani, A., Bianchetti, A., & Trabucchi, M. (1995). Semantic
memory in Alzheimer’s disease: An analysis of category fluency. Journal of Clinical and
Experimental Neuropsychology, 17, 82—89.

Birdsill, A. C., Koscik, R. L., Jonaitis, E. M., Johnson, S. C., Okonkwo, O. C., Hermann, B. P., LaRue, A,,
Sager, M. A., & Bendlin, B. B. (2014). Regional white matter hyperintensities: Aging, Alzheimer’s
disease risk, and cognitive function. Neurobiology of Aging, 35(4), 769-776.
https://doi.org/10.1016/j.neurobiolaging.2013.10.072

Bishop, N. A, Lu, T., & Yankner, B. A. (2010). Neural mechanisms of ageing and cognitive decline.
Nature, 464(7288), 529-535. https://doi.org/10.1038/nature08983

Bisiacchi, P. S., Borella, E., Bergamaschi, S., Carretti, B., & Mondini, S. (2008). Interplay between
memory and executive functions in normal and pathological aging. Journal of Clinical and
Experimental Neuropsychology, 30(6), 723-733. https://doi.org/10.1080/13803390701689587

Blasi, G., Goldberg, T. E., Weickert, T., Das, S., Kohn, P., Zoltick, B., Bertolino, A., Callicott, J. H.,
Weinberger, D. R., & Mattay, V. S. (2006). Brain regions underlying response inhibition and
interference monitoring and suppression. European Journal of Neuroscience, 23(6), 1658—1664.
https://doi.org/10.1111/j.1460-9568.2006.04680.x

Bloemendaal, M., Zandbelt, B., Wegman, J., van de Rest, O., Cools, R., & Aarts, E. (2016). Contrasting
neural effects of aging on proactive and reactive response inhibition. Neurobiology of Aging,
46, 96-106. https://doi.org/10.1016/j.neurobiolaging.2016.06.007

Bock, O., Haeger, M., & Voelcker-Rehage, C. (2019). Structure of executive functions in young and in
older persons. PLoS ONE, 14(5). https://doi.org/10.1371/journal.pone.0216149

Bohnen, N., Jolles, J., & Twijnstra, A. (1992). Modification of the Stroop Color Word Test improves
differentiation between patients with mild head injury and matched controls. Clinical
Neuropsychologist, 6(2), 178—184. https://doi.org/10.1080/13854049208401854

Boisgueheneuc, F. Du, Levy, R., Volle, E., Seassau, M., Duffau, H., Kinkingnehun, S., Samson, Y.,
Zhang, S., & Dubois, B. (2006). Functions of the left superior frontal gyrus in humans: A lesion
study. Brain, 129(12), 3315-3328. https://doi.org/10.1093/brain/awl244

Bolandzadeh, N., Davis, J. C., Tam, R., Handy, T. C., & Liu-Ambrose, T. (2012). The association

between cognitive function and white matter lesion location in older adults: A systematic

Page 256 of 359



review. BMC Neurology, 12, 1-10. https://doi.org/10.1186/1471-2377-12-126

Bopp, K. L., & Verhaeghen, P. (2009). Working Memory and Aging: Separating the Effects of Content
and Context. Psychology and Aging, 24(4), 968—980. https://doi.org/10.1037/a0017731

Bopp, K. L., & Verhaeghen, P. (2018). Aging and n-Back Performance: A Meta-Analysis. The Journals
of Gerontology Series B: Psychological Sciences and Social Sciences, 00(February 2018), 1-12.
https://doi.org/10.1093/geronb/gby024

Borella, E., Carretti, B., & De Beni, R. (2008). Working memory and inhibition across the adult life-
span. Acta Psychologica, 128(1), 33—44. https://doi.org/10.1016/j.actpsy.2007.09.008

Borella, E., Carretti, B., Mitolo, M., Zavagnin, M., Caffarra, P., Mammarella, N., Fairfield, B., Gamboz,
N., & Piras, F. (2017). Characterizing cognitive inhibitory deficits in mild cognitive impairment.
Psychiatry Research, 251, 342—-348. https://doi.org/10.1016/j.psychres.2016.12.037

Borella, E., Delaloye, C., Lecerf, T., Renaud, O., & De Ribaupierre, A. (2009). Do age differences
between young and older adults in inhibitory tasks depend on the degree of activation of
information? European Journal of Cognitive Psychology, 21(2-3), 445—-472.
https://doi.org/10.1080/09541440802613997

Borella, E., Ludwig, C., Fagot, D., & De Ribaupierre, A. (2011). The effect of age and individual
differences in attentional control: A sample case using the Hayling test. Archives of Gerontology
and Geriatrics, 53(1). https://doi.org/10.1016/j.archger.2010.11.005

Borgo, F., Giovannini, L., Moro, R., Semenza, C., Arcicasa, M., & Zaramella, M. (2003). Updating and
inhibition processes in working memory: A comparison between Alzheimer’s type dementia
and frontal lobe focal damage. Brain and Cognition, 53(2), 197-201.
https://doi.org/10.1016/50278-2626(03)00109-X

Borkowska, A., Drozdz, W., Jurkowski, P., & Rybakowski, J. K. (2009). The Wisconsin Card Sorting Test
and the N-back test in mild cognitive impairment and elderly depression. The World Journal of
Biological Psychiatry, 10(4), 870-876. https://doi.org/10.3109/15622970701557985

Borsa, V. M., Della Rosa, P. A, Catricala, E., Canini, M., ladanza, A., Falini, A., Abutalebi, J., &
lannaccone, S. (2018). Interference and conflict monitoring in individuals with amnestic mild
cognitive impairment: A structural study of the anterior cingulate cortex. Journal of
Neuropsychology, 12(1), 23-40. https://doi.org/10.1111/jnp.12105

Boucard, G. K., Albinet, C. T., Bugaiska, A., Bouquet, C. A,, Clarys, D., & Audiffren, M. (2012). Impact
of physical activity on executive functions in aging: A selective effect on inhibition among old
adults. Journal of Sport and Exercise Psychology, 34(6), 808—827.
https://doi.org/10.1123/jsep.34.6.808

Boxberger et al., 2008. (2011). Structural Correlates of Prospective Memory. Neuropsychologia,

Page 257 of 359



49(14), 3795-3800. https://doi.org/10.1038/jid.2014.371

Braak, H., & Braak, E. (1991). Alzheimer’s disease affects limbic nuclei of the thalamus. Acta
Neuropathologica, 81(3), 261-268. https://doi.org/10.1007/BF00305867

Brambati, S. M., Belleville, S., & Kergoat, M.-J. (2009). Single and Multiple Domain Amnestic MCl:
two sides of the same coin? Dementia and Geriatric Cognitive Disorders, 28(6), 541-549.
https://doi.org/10.1159/000255240

Brandt, J. (1991). The Hopkins Verbal Learning Test: Development of a new memory test with six
equivalent forms. Clinical Neuropsychologist, 5(2), 125-142.
https://doi.org/10.1080/13854049108403297

Brandt, J., & Benedict, R. (2001). The Hopkins Verbal Learning Test — Revised. 1-7.

Brass, M., & Cramon, D. Y. von. (2002). The Role of the Frontal Cortex in Task Preparation. Cerebral
Cortex, 12, 908-914.

Brass, M., & Cramon, D. Y. von. (2004). Decomposing Components of Task Preparation with
Functional Magnetic Resonance Imaging. Journal of Cognitive Neuroscience, 16(4), 609—-620.
https://doi.org/10.1162/089892904323057335

Brass, M., Derrfuss, J., Forstmann, B., & Cramon, D. Y. von. (2005). The role of the inferior frontal
junction area in cognitive control. Trends in Cognitive Sciences, 9(7), 314-316.
https://doi.org/10.1016/].tics.2005.05.013

Braver, T.S., Barch, D. M., Keys, B. A., Carter, C. S., Cohen, J. D., Kaye, J. A,, Janowsky, J. S., Taylor, S.
F., Yesavage, J. A., Mumenthaler, M. S., Jagust, W. J., & Reed, B. R. (2001). Context processing
in older adults: Evidence for a theory relating cognitive control to neurobiology in healthy
aging. Journal of Experimental Psychology: General, 130(4), 746—763.
https://doi.org/10.1037/0096-3445.130.4.746

Braver, T. S., Reynolds, J. R., & Donaldson, D. I. (2003). Neural mechanisms of transient and
sustained cognitive control during task switching. Neuron, 39(4), 713-726.
https://doi.org/10.1016/5S0896-6273(03)00466-5

Braver, T. S., & West, R. S. (2008). Working memory, executive control, and aging. In F. |. M. Craik &
T. A. Salthouse (Eds.), The Handbook of a Aging and Cognition (3rd ed., pp. 311-372).
Psychology Press.

Brayne, C., Ince, P. G., Keage, H. A. D., McKeith, I. G., Matthews, F. E., Polvikoski, T., & Sulkava, R.
(2010). Education, the brain and dementia: Neuroprotection or compensation? Brain, 133(8),
2210-2216. https://doi.org/10.1093/brain/awq185

Brickman, A. M., Honig, L. S., Scarmeas, N., Tatarina, O., Sanders, L., Albert, M. S., Brandt, J., Blacker,

D., & Stern, Y. (2008). Measuring cerebral atrophy and white matter hyperintensity burden to

Page 258 of 359



predict the rate of cognitive decline in Alzheimer disease. Archives of Neurology, 65(9), 1202—
1208. https://doi.org/10.1001/archneur.65.9.1202

Broadbent, N. J., Squire, L. R., & Clark, R. E. (2004). Spatial memory, recognition memory, and the
hippocampus. Proc Natl Acad Sci U S A, 101(40), 14515-14520.
https://doi.org/10.1073/pnas.0406344101

Brown, J. (1958). Some Tests of the Decay Theory of Immediate Memory. Quarterly Journal of
Experimental Psychology, 10(1), 12-21. https://doi.org/10.1080/17470215808416249

Brown, P. J., Devanand, D. P., Liu, X., & Caccappolo, E. (2011). Functional impairment in elderly
patients with mild cognitive impairment and mild Alzheimer disease. Archives of General
Psychiatry, 68(6), 617—626. https://doi.org/10.1001/archgenpsychiatry.2011.57

Brownsett, S. L. E., & Wise, R. J. S. (2010). The contribution of the parietal lobes to speaking and
writing. Cerebral Cortex, 20(3), 517-523. https://doi.org/10.1093/cercor/bhp120

Bruyer, R., Linden, M. Van der, Rectem, D., & Galvez., C. (1995). Effects of age and education on the
Stroop interference. Archives de Psychologie, 63, 257-267.

Bubb, E. J,, Kinnavane, L., & Aggleton, J. P. (2017). Hippocampal—diencephalic—cingulate networks for
memory and emotion: An anatomical guide. Brain and Neuroscience Advances, 1,
239821281772344. https://doi.org/10.1177/2398212817723443

Buckner, R. L. (2004). Memory and executive function in Aging and AD: Multiple factors that cause
decline and reserve factors that compensate. Neuron, 44(1), 195-208.
https://doi.org/10.1016/j.neuron.2004.09.006

Bugg, J. M., Delosh, E. L., Davalos, D. B., & Davis, H. P. (2007). Age differences in stroop interference:
Contributions of general slowing and task-specific deficits. Aging, Neuropsychology, and
Cognition, 14(2), 155-167. https://doi.org/10.1080/138255891007065

Burda, A. N., Andersen, E., Berryman, M., Heun, M., King, C., & Kise, T. (2017). Performance of
Young, Middle-Aged, and Older Adults on Tests of Executive Function. Canadian Journal of
Speech-Language Pathology and Audiology, 41(3), 253.
https://search.proquest.com/docview/2003790729?accountid=14701%0Ahttp://sfx.scholarspo
rtal.info/ottawa?url_ver=739.88-
2004&rft_val_fmt=info:ofi/fmt:kev:mtx:journal&genre=article&sid=ProQ:ProQ%3Allba&atitle=
Performance+of+Young%2C+Middle-Aged%2C+and+Older+

Burgess, P. W., Alderman, N., Evans, J., Emslie, H., & Wilson, B. A. (1998). The ecological validity of
tests of executive function. Journal of the International Neuropsychological Society, 4(6), 547—
558. https://doi.org/10.1017/51355617798466037

Burgess, P. W., Alderman, N., Forbes, C., Costello, A., M-A. Coates, L., Dawson, D. R., Anderson, N. D.,

Page 259 of 359



Gilbert, S. J., Dumontheil, I., & Channon, S. (2006). The case for the development and use of
“ecologically valid” measures of executive function in experimental and clinical
neuropsychology. Journal of the International Neuropsychological Society, 12(02), 194—209.
http://journals.cambridge.org/abstract_S1355617706060310

Burgess, P. W., & Shallice, T. (1997). The Hayling and Brixton Tests. In Bury St Edmunds: Thames
Valley Test Company.

Burke, S. N., & Barnes, C. A. (2006). Neural plasticity in the ageing brain. In Nature Reviews
Neuroscience (Vol. 7, Issue 1, pp. 30—40). https://doi.org/10.1038/nrn1809

Bush, G, Luu, P., & Posner, M. |. (2000). Cognitive and emotional influences in anterior cingulate
cortex. Trends in Cognitive Sciences, 4(6), 215-222.

Byrne, B. M. (1998). Structural equation modeling with LISREL, PRELIS, and SIMPLIS: Basic concepts,
applications, and programming. Lawrence Erlbaum Associates, Inc.

Cabeza, R,, Albert, M., Belleville, S., Craik, F. . M., Duarte, A., Grady, C., Lindenberger, U., Nyberg, L.,
Park, D. C., Reuter-Lorenz, P. A., Rugg, M. D., Steffener, J., & Rajah, M. N. (2018). Maintenance,
reserve and compensation: the cognitive neuroscience of healthy ageing. Nature Reviews
Neuroscience, 19(11), 701-710. https://doi.org/10.1038/s41583-018-0068-2

Cabeza, R., Anderson, N. D., Locantore, J. K., & MclIntosh, A. R. (2002). Aging gracefully:
Compensatory brain activity in high-performing older adults. Neurolmage, 17(3), 1394-1402.
https://doi.org/10.1006/nimg.2002.1280

Cabeza, R., Nyberg, L., & Park, D. C. (2005). Cognitive Neuroscience of Aging. In Cognitive
Neuroscience of Aging: Linking cognitive and cerebral aging. Oxford University Press (OUP).
https://doi.org/10.1093/acprof:0s0/9780195156744.003.0003

Cabeza, R., Nyberg, L., & Park, D. C. (2009). Cognitive Neuroscience of Aging: Linking cognitive and
cerebral aging. In Cognitive Neuroscience of Aging: Linking cognitive and cerebral aging.
https://doi.org/10.1093/acprof:0s0/9780195156744.001.0001

Cadar, D. (2018). Cognitive Ageing. In Geriatrics Health. InTech.
https://doi.org/10.5772/intechopen.79119

Cadar, D., Piccinin, A. M., Hofer, S. M., Johansson, B., & Muniz-Terrera, G. (2016). Education,
occupational class, and cognitive decline in preclinical dementia. GeroPsych: The Journal of
Gerontopsychology and Geriatric Psychiatry, 29(1), 5-15. https://doi.org/10.1024/1662-
9647/a000138

Calderon, J., Perry, R. J., Erzinclioglu, S. W., Berrios, G. E., Dening, T. R., & Hodges, J. R. (2001).
Perception, attention, and working memory are disproportionately impaired in dementia with

Lewy bodies compared with Alzheimer’s disease. Journal of Neurology Neurosurgery and

Page 260 of 359



Psychiatry, 70(2), 157—-164. https://doi.org/10.1136/jnnp.70.2.157

Campbell, K. L., Grady, C., Ng, C., & Hasher, L. (2012). Age differences in the frontoparietal cognitive
control network: Implications for distractibility. Neuropsychologia, 50(9), 2212—-2223.
https://doi.org/10.1016/j.neuropsychologia.2012.05.025

Campbell, K. L., Lustig, C., & Hasher, L. (2020). Aging and inhibition: Introduction to the special issue.
Psychology and Aging, 35(5), 605—613. https://doi.org/10.1037/pag0000564

Canali, F., Brucki, S. M. D., Bertolucci, P. H. F., & Bueno, O. F. A. (2011). Reliability study of the
Behavioral Assessment of the Dysexecutive Syndrome adapted for a Brazilian sample of older-
adult controls and probable early Alzheimer&#039;s disease patients TT - Um estudo de
confiabilidade da Bateria de Avaliagdo da Sindrome D. Rev. Bras. Psiquiatr, 33(4), 338—346.
http://www.scielo.br/scielo.php?script=sci_arttext&pid=51516-44462011000400006

Carlén, M. (2017). What constitutes the prefrontal cortex? Science, 482(October), 478—-482.
https://doi.org/10.1126/science.aan8868

Carreiras, M., Monahan, P. J,, Lizarazu, M., Dufiabeitia, J. A., & Molinaro, N. (2015). Numbers are not
like words: Different pathways for literacy and numeracy. Neurolmage, 118, 79-89.
https://doi.org/10.1016/j.neuroimage.2015.06.021

Carreiras, M., Quiiiones, |., Hernandez-Cabrera, J. A., & Duiiabeitia, J. A. (2015). Orthographic coding:
Brain activation for letters, symbols, and digits. Cerebral Cortex, 25(12), 4748—4760.
https://doi.org/10.1093/cercor/bhul63

Casini, L., & Ivry, R. B. (1999). Effects of divided attention on temporal processing in patients with
lesions of the cerebellum or frontal lobe. Neuropsychology, 13(1), 10-21.
https://doi.org/10.1037/0894-4105.13.1.10

Caso, F., Agosta, F., Mattavelli, D., Migliaccio, R., Canu, E., Magnani, G., Marcone, A., Copetti, M.,
Falautano, M., Comi, G., Falini, A., & Filippi, M. (2015). White matter degeneration in atypical
Alzheimer disease. Radiology, 277(1), 162—172. https://doi.org/10.1148/radiol.2015142766

Cerella, J. (1985). Information Processing Rates in the Elderly. Psychological Bulletin, 98(1), 67—-83.
https://doi.org/10.1037/0033-2909.98.1.67

Cervera-Crespo, T., & Gonzalez-Alvarez, J. (2017). Age and semantic inhibition measured by the
hayling task: A meta-analysis. Archives of Clinical Neuropsychology, 32(2), 198-214.
https://doi.org/10.1093/arclin/acw088

Cervera-Crespo, T., Gonzalez-Alvarez, J., & Rosell-Clari, V. (2019). Semantic inhibition and dementia
severity in Alzheimer’s disease. Psicothema, 31(3), 305-310.
https://doi.org/10.7334/psicothema2019.40

Chambers, C. D., Garavan, H., & Bellgrove, M. A. (2009). Insights into the neural basis of response

Page 261 of 359



inhibition from cognitive and clinical neuroscience. Neuroscience and Biobehavioral Reviews,
33(5), 631-646. https://doi.org/10.1016/j.neubiorev.2008.08.016

Chan, R. C. K., Shum, D., Toulopoulou, T., & Chen, E. Y. H. (2008). Assessment of executive functions:
Review of instruments and identification of critical issues. Archives of Clinical Neuropsychology,
23(2), 201-216. https://doi.org/10.1016/j.acn.2007.08.010

Chang, W. P., Shen, |. H., Wen, C. P., & Chen, C. L. (2020). Age-Related Differences Between Young
and Old Adults: Effects of Advance Information on Task Switching. Perceptual and Motor Skills,
127(6), 985-1014. https://doi.org/10.1177/0031512520930872

Chang, Y. L., Jacobson, M. W., Fennema-Notestine, C., Hagler, D. J., Jennings, R. G., Dale, A. M., &
McEvoy, L. K. (2010). Level of executive function influences verbal memory in amnestic mild
cognitive impairment and predicts prefrontal and posterior cingulate thickness. Cerebral
Cortex, 20(6), 1305-1313. https://doi.org/10.1093/cercor/bhp192

Chapman, R. M., Mapstone, M., McCrary, J. W., Gardner, M. N., Bachus, L. E., Degrush, E., Reilly, L.
A., Sandoval, T. C., & Guillily, M. D. (2010). Cognitive Dimensions in Alzheimer’s Disease, Mild
Cognitive Impairment, and Normal Elderly: Developing a Common Metric. The Open Geriatric
Medicine Journal, 3(10), 1-10.
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2922059&tool=pmcentrez&rende
rtype=abstract

Chee, M. W. L., Goh, J. 0. S., Venkatraman, V., Jiat, C. T., Gutchess, A., Sutton, B., Hebrank, A.,
Leshikar, E., & Park, D. (2006). Age-related changes in object processing and contextual binding
revealed using fMR adaptation. Journal of Cognitive Neuroscience, 18(4), 495-507.
https://doi.org/10.1162/jocn.2006.18.4.495

Chen, N.-C., Chang, C.-C,, Lin, K.-N., Huang, C.-W., Chang, W.-N., Chang, Y.-T., Chen, C., Yeh, Y.-C., &
Wang, P.-N. (2013). Patterns of executive dysfunction in amnestic mild cognitive impairment.
International Psychogeriatrics, 25(07), 1181-1189.
https://doi.org/10.1017/51041610213000392

Chen, S.T., Sultzer, D. L., Hinkin, C. H., Mahler, M. E., & Cummings, J. L. (1998). Executive dysfunction
in Alzheimer’s disease: association with neuropsychiatric symptoms and functional impairment.
The Journal of Neuropsychiatry and Clinical Neurosciences, 10(4), 426—432.

Chen, T., & Naveh-Benjamin, M. (2012). Assessing the associative deficit of older adults in long-term
and short-term/working memory. Psychology and Aging, 27(3), 666—682.
https://doi.org/10.1037/a0026943

Chen, Y., Denny, K. G., Harvey, D., Farias, S. T., Mungas, D., DeCarli, C., & Beckett, L. (2017).

Progression from normal cognition to mild cognitive impairment in a diverse clinic-based and

Page 262 of 359



community-based elderly cohort. Alzheimer’s and Dementia, 13(4), 399-405.
https://doi.org/10.1016/j.jalz.2016.07.151

Cheng, S.-T. (2016). Cognitive Reserve and the Prevention of Dementia: the Role of Physical and
Cognitive Activities. Current Psychiatry Reports, 18(9), 85. https://doi.org/10.1007/s11920-016-
0721-2

Chikazoe, J. (2010). Localizing Performance of go/no-go tasks to prefrontal cortical subregions. In
Current Opinion in Psychiatry (Vol. 23, Issue 3, pp. 267-272).
https://doi.org/10.1097/YCO.0b013e3283387a9f

Chmielewski, W. X., Yildiz, A., & Beste, C. (2014). The neural architecture of age-related dual-task
interferences. Frontiers in Aging Neuroscience, 6(JUL), 1-10.
https://doi.org/10.3389/fnagi.2014.00193

Christensen, H. (2001). What cognitive changes can be expected with normal ageing? Australian and
New Zealand Journal of Psychiatry, 35(6), 768—775. https://doi.org/10.1046/j.1440-
1614.2001.00966.x

Christoff, K., & Gabrieli, J. D. E. (2000). The frontopolar cortex and human cognition: Evidence for a
rostrocaudal hierarchical organization within the human prefrontal cortex. Psychobiology,
28(2), 168-186. https://doi.org/10.3758/BF03331976

Cid-Fernandez, S., Lindin, M., & Diaz, F. (2014). Effects of amnestic mild cognitive impairment on N2
and P3 Go/NoGo ERP Components. Journal of Alzheimer’s Disease, 38(2), 295-306.
https://doi.org/10.3233/JAD-130677

Clarys, D., Bugaiska, A., Tapia, G., & Baudouin, A. (2009). Ageing, remembering, and executive
function. Memory, 17(2), 158-168. https://doi.org/10.1080/09658210802188301

Clarys, D., Isingrini, M., & Gana, K. (2002). Mediators of age-related differences in recollective
experience in recognition memory. Acta Psychologica, 109(3), 315-329.
https://doi.org/10.1016/5S0001-6918(01)00064-6

Clément, F., Gauthier, S., & Belleville, S. (2013). Executive functions in mild cognitive impairment:
Emergence and breakdown of neural plasticity. Cortex, 49(5), 1268—1279.
https://doi.org/10.1016/j.cortex.2012.06.004

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (Second). Lawrence Erlbaum
Associates.

Cohen, J. D., Perlstein, W. M., Braver, T. S., Nystrom, L. E., Noll, D. C., Jonides, J., & Smith, E. E.
(1997). Temporal dynamics of brain activation during a working memory task. Nature,
386(6625), 604-611. https://doi.org/10.1038/386604a0

Collette, F., Hogge, M., Salmon, E., & Van der Linden, M. (2006). Exploration of the neural substrates

Page 263 of 359



of executive functioning by functional neuroimaging. Neuroscience, 139(1), 209-221.
https://doi.org/10.1016/j.neuroscience.2005.05.035

Collette, F., & Linden, M. Van der. (2002). Brain imaging of the central executive component of
working memory. Neuroscience and Biobehavioral Reviews, 26(26), 105—-125.
https://doi.org/10.1016/50022-0248(00)00046-4

Collette, F., Linden, M. Van Der, Bechet, S., & Salmon, E. (1999). Phonological loop and central
executive functioning in Alzheimers disease. Neuropsychologia, 37(8), 905-918.
https://doi.org/10.1016/50028-3932(98)00148-1

Collette, F., Olivier, L., Van Der Linden, M., Laureys, S., Delfiore, G., Luxen, A., & Salmon, E. (2005).
Involvement of both prefrontal and inferior parietal cortex in dual-task performance. Cognitive
Brain Research, 24(2), 237-251. https://doi.org/10.1016/j.cogbrainres.2005.01.023

Collette, F., Van Der Linden, M., Delfiore, G., Degueldre, C., Luxen, A., & Salmon, E. (2001). The
functional anatomy of inhibition processes investigated with the Hayling task. Neurolmage,
14(2), 258-267. https://doi.org/10.1006/nimg.2001.0846

Collette, F., Van der Linden, M., Delrue, G., & Salmon, E. (2002). Frontal hypometabolism does not
explain inhibitory dysfunction in Alzheimer disease. Alzheimer Disease and Associated
Disorders, 16(4), 228-238. https://doi.org/10.1097/00002093-200210000-00004

Collette, F., Van Der Linden, M., Laureys, S., Delfiore, G., Degueldre, C., Luxen, A., & Salmon, E.
(2005). Exploring the unity and diversity of the neural substrates of executive functioning.
Human Brain Mapping, 25(4), 409—-423. https://doi.org/10.1002/hbm.20118

Collette, F., Van Der Linden, M., & Salmon, E. (1999). Executive dysfunction in Alzheimer’s disease.
Cortex, 35(1), 57-72. https://doi.org/10.1016/5S0010-9452(08)70785-8

Compton, B. J., & Logan, G. D. (1991). The transition from algorithm to retrieval in memory-based
theories of automaticity. Memory & Cognition, 19(2), 151-158.
https://doi.org/10.3758/BF03197111

Convit, A,, De Asis, J., De Leon, M. J., Tarshish, C. Y., De Santi, S., & Rusinek, H. (2000). Atrophy of the
medial occipitotemporal, inferior, and middle temporal gyri in non-demented elderly predict
decline to Alzheimer’s disease. Neurobiology of Aging, 21(1), 19-26.
https://doi.org/10.1016/5S0197-4580(99)00107-4

Conway, A. R. A, Kane, M. J,, Bunting, M. F., Hambrick, D. Z., Wilhelm, O., & Engle, R. W. (2005).
Working memory span tasks: A methodological review and user’s guide. Psychonomic Bulletin
and Review, 12(5), 769-786. https://doi.org/10.3758/BF03196772

Coste, C. P., & Kleinschmidt, A. (2016). Cingulo-opercular network activity maintains alertness.

Neurolmage, 128, 264—272. https://doi.org/10.1016/j.neuroimage.2016.01.026

Page 264 of 359



Coubard, O. A, Ferrufino, L., Boura, M., Gripon, A., Renaud, M., & Bherer, L. (2011). Attentional
Control in Normal Aging and Alzheimer’s Disease. Neuropsychology, 25(3), 353—367.
https://doi.org/10.1037/a0022058

Coxon, J. P., Goble, D. J., Leunissen, |., Van Impe, A., Wenderoth, N., & Swinnen, S. P. (2016).
Functional Brain Activation Associated with Inhibitory Control Deficits in Older Adults. Cerebral
Cortex, 26(1), 12—22. https://doi.org/10.1093/cercor/bhul65

Coxon, J. P., van Impe, A., Wenderoth, N., & Swinnen, S. P. (2012). Aging and inhibitory control of
action: Cortico-subthalamic connection strength predicts stopping performance. Journal of
Neuroscience, 32(24), 8401-8412. https://doi.org/10.1523/JINEUROSCI.6360-11.2012

Craik, F. 1. M. (1977). Age differences in human memory. In J. E. Birren & K. W. Schaie (Eds.),
Handbook of the psychology of aging. Van Nostrand Rein- hold.

Craik, F. 1. M., Bialystok, E., Gillingham, S., & Stuss, D. T. (2018). Alpha span: A measure of working
memory. Canadian Journal of Experimental Psychology/Revue Canadienne de Psychologie
Expérimentale, 72(3), 141-152.

Craik, F. I. M., Eftekhari, E., Bialystok, E., & Anderson, N. D. (2018). Individual differences in executive
functions and retrieval efficacy in older adults. Psychology and Aging, 33(8), 1105-1114.
https://doi.org/10.1037/pag0000315

Craik, F. I. M., Naveh-Benjamin, M., Govoni, R., & Anderson, N. D. (1996). The Effects of Divided
Attention on Encoding and Retrieval Processes in Human Memory. Journal of Experimental
Psychology: General, 125(2), 159—180. https://doi.org/10.1037/0096-3445.125.2.159

Craik, F. I. M., & Salthouse, T. A. (2008). The Handbook of Aging and Cognition (3rd edition). In
Psychology Press (Vol. 23, Issue 03). Psychology Press. https://doi.org/10.1002/acp.1505

Crawford, T. J., Higham, S., Mayes, J., Dale, M., Shaunak, S., & Lekwuwa, G. (2013). The role of
working memory and attentional disengagement on inhibitory control: Effects of aging and
Alzheimer’s disease. Age, 35(5), 1637—-1650. https://doi.org/10.1007/s11357-012-9466-y

Crawford, T. J., Higham, S., Renvoize, T., Patel, J., Dale, M., Suriya, A., & Tetley, S. (2005). Inhibitory
control of saccadic eye movements and cognitive impairment in Alzheimer’s disease. Biological
Psychiatry, 57(9), 1052—1060. https://doi.org/10.1016/j.biopsych.2005.01.017

Crawford, T. J., Smith, E. S., & Berry, D. M. (2017). Eye gaze and aging: Selective and combined
effects of working memory and inhibitory control. Frontiers in Human Neuroscience,
11(November), 1-10. https://doi.org/10.3389/fnhum.2017.00563

Creavin, S. T., Wisniewski, S., Noel-Storr, A. H., Trevelyan, C. M., Hampton, T., Rayment, D., Thom, V.
M., Nash, K. J. E., Elhamoui, H., Milligan, R., Patel, A. S., Tsivos, D. V., Wing, T., Phillips, E.,
Kellman, S. M., Shackleton, H. L., Singleton, G. F., Neale, B. E., Watton, M. E., & Cullum, S.

Page 265 of 359



(2016). Mini-Mental State Examination (MMSE) for the detection of dementia in clinically
unevaluated people aged 65 and over in community and primary care populations. In Cochrane
Database of Systematic Reviews (Vol. 2016, Issue 4, pp. 1-160).
https://doi.org/10.1002/14651858.CD011145.pub2

Cristofori, I., Cohen-Zimerman, S., & Grafman, J. (2019). Executive functions. In Handbook of Clinical
Neurology (Vol. 163, pp. 197-219). Elsevier B.V. https://doi.org/10.1016/B978-0-12-804281-
6.00011-2

Critchley, H. D. (2008). How do you feel — now? The anterior insula and human awareness. Nature
Reviews Neuroscience, 1(January), 1-11.

Crivello, F., Tzourio-Mazoyer, N., Tzourio, C., & Mazoyer, B. (2014). Longitudinal assessment of global
and regional rate of grey matter atrophy in 1,172 healthy older adults: Modulation by sex and
age. PLoS ONE, 9(12), 1-26. https://doi.org/10.1371/journal.pone.0114478

Crossley, M., & Hiscock, M. (1992). Age-related differences in concurrent-task performance of
normal adults: evidence for a decline in processing resources. Psychology and Aging, 7(4), 499—
506. https://doi.org/10.1037/0882-7974.7.4.499

Curtis, C. E., & D’Esposito, M. (2003). Persistent activity in the prefrontal cortex during working
memory. Trends in Cognitive Sciences, 7(9), 415—423. https://doi.org/10.1016/51364-
6613(03)00197-9

d’Arbeloff, T., Elliott, M. L., Knodt, A. R., Melzer, T. R., Keenan, R., Ireland, D., Ramrakha, S., Poulton,
R., Anderson, T., Caspi, A., Moffitt, T. E., & Hariri, A. R. (2019). White matter hyperintensities
are common in midlife and already associated with cognitive decline. Brain Communications,
1(1), 1-7. https://doi.org/10.1093/braincomms/fcz041

D’Ardenne, K., Eshel, N., Luka, J., Lenartowicz, A., Nystrom, L. E., & Cohen, J. D. (2012). Role of
prefrontal cortex and the midbrain dopamine system in working memory updating.
Proceedings of the National Academy of Sciences of the United States of America, 109(49),
19900-19909. https://doi.org/10.1073/pnas.1116727109

D’Argembeau, A. (2013). On the role of the ventromedial prefrontal cortex in self-processing: The
valuation hypothesis. Frontiers in Human Neuroscience, 7(JUN), 1-13.
https://doi.org/10.3389/fnhum.2013.00372

D’Elia, L. F., Satz, P., Uchiyama, C. L., & White, T. (1996). Color Trails Test. Professional manual,
Psychological Assessment Resources.

D’Esposito, M. (2007). From cognitive to neural models of working memory. Philosophical
Transactions of the Royal Society B: Biological Sciences, 362(March), 761-772.
https://doi.org/10.1098/rstb.2007.2086

Page 266 of 359



D’Esposito, M., Aguirre, G. K., Zarahn, E., Ballard, D., Shin, R. K., & Lease, J. (1998). Functional MRI
studies of spatial and nonspatial working memory. Cognitive Brain Research, 7(1), 1-13.
https://doi.org/10.1016/50926-6410(98)00004-4

D’Esposito, M., Ballard, D., Aguirre, G. K., & Zarahn, E. (1998). Human Prefrontal Cortex Is Not
Specific for Working Memory: A Functional MRI Study. Neurolmage, 282(8), 274-282.

D’Esposito, M., Detre, J., Alsop, D., Shin, R., Atlas, S., & M., G. (1995). The neural basis of the central
executive system of working memory. Nature, 378(6554), 279-281.

D’Esposito, M., & Postle, B. R. (2015). The Cognitive Neuroscience of Working Memory. Annual
Review of Psychology, 66(1), 115-142. https://doi.org/10.1146/annurev-psych-010814-015031

D’Esposito, M., Postle, B. R., Ballard, D., & Lease, J. (1999). Maintenance versus Manipulation of
Information Held in Working Memory: An Event-Related fMRI Study. Brain and Cognition, 86,
66—-86.

D’Esposito, M., Postle, B. R., & Rypma, B. (2000). Prefrontal cortical contributions to working
memory: Evidence from event-related fMRI studies. In Experimental Brain Research (Vol. 133,
Issue 1, pp. 3—11). https://doi.org/10.1007/s002210000395

Daffner, K. R., Chong, H., Sun, X., Tarbi, E. C., Riis, J. L., Mcginnis, S. M., & Holcomb, P. J. (2011).
Mechanisms underlying age- and performance-related differences in working memory. Journal
of Cognitive Neuroscience, 23(6), 1298—1314. https://doi.org/10.1162/jocn.2010.21540

Damoiseaux, J. S., Beckmann, C. F., Arigita, E. J. S., Barkhof, F., Scheltens, P., Stam, C. J., Smith, S. M.,
& Rombouts, S. A. R. B. (2008). Reduced resting-state brain activity in the “default network” in
normal aging. Cerebral Cortex, 18(8), 1856—1864. https://doi.org/10.1093/cercor/bhm207

Daneman, M., & A.Carpenter, P. (1980). Individual differences in working memory and aging. Journal
of Verbal Learning and Verbal Behaviour, 19, 450-466.
https://doi.org/10.4324/9781315879840-7

Dannhauser, T. M., Walker, Z., Stevens, T., Lee, L., Seal, M., & Shergill, S. S. (2005). The functional
anatomy of divided attention in amnestic mild cognitive impairment. Brain, 128(6), 1418-1427.
https://doi.org/10.1093/brain/awh413

De Beni, R., & Palladino, P. (2004). Decline in working memory updating through ageing: Intrusion
error analyses. Memory, 12(1), 75—-89. https://doi.org/10.1080/09658210244000568

De Brigard, F., Langella, S., Stanley, M. L., Castel, A. D., & Giovanello, K. S. (2020). Age-related
differences in recognition in associative memory. Aging, Neuropsychology, and Cognition,
27(2), 289-301. https://doi.org/10.1080/13825585.2019.1607820

de Faria, C. A., Alves, H. V. D., & Charchat-Fichman, H. (2015). The most frequently used tests for

assessing executive functions in aging. Dementia e Neuropsychologia, 9(2), 149-155.

Page 267 of 359



https://doi.org/10.1590/1980-57642015dn92000009

de Frias, C. M., Dixon, R. A., & Strauss, E. (2006). Structure of four executive functioning tests in
healthy older adults. Neuropsychology, 20(2), 206—214. https://doi.org/10.1037/0894-
4105.20.2.206

De Toledo-Morrell, L., Goncharova, I., Dickerson, B., Wilson, R. S., & Bennett, D. A. (2006). From
Healthy Aging to Early Alzheimer’s Disease: In Vivo Detection of Entorhinal Cortex Atrophy.
Annals of the New York Academy of Sciences, 911(1), 240-253. https://doi.org/10.1111/j.1749-
6632.2000.tb06730.x

Deary, I. J., Corley, J., Gow, A. J., Harris, S. E., Houlihan, L. M., Marioni, R. E., Penke, L., Rafnsson, S.
B., & Starr, J. M. (2009). Age-associated cognitive decline. British Medical Bulletin, 92(1), 135—
152. https://doi.org/10.1093/bmb/Idp033

del Carmen Diaz-Mardomingo, M., Garcia-Herranz, S., Rodriguez-Fernandez, R., Venero, C., &
Peraita, H. (2017). Problems in classifying mild cognitive impairment (MCI): One or multiple
syndromes? Brain Sciences, 7(9). https://doi.org/10.3390/brainsci7090111

Delis, D. C., Kaplan, E., & Kramer, J. H. (2001). Delis-Kaplan executive function system.

Della Sala, S. (1997). Dual-task performance in dysexecutive and nondysexecutive patients with a
frontal lesion. Neuropsychology, 11(2), 187—-194. https://doi.org/10.1037/0894-4105.11.2.187

Della Sala, S., Baddeley, A., Papagno, C., & Spinnler, H. (1995a). Dual-Task Paradigm: A Means To
Examine the Central Executive. Annals of the New York Academy of Sciences, 769(1), 161-172.
https://doi.org/10.1111/j.1749-6632.1995.tb38137.x

Della Sala, S., Baddeley, A., Papagno, C., & Spinnler, H. (1995b). Dual performance paradigm: a
measure to examine the central executive. Annals of New York Acad Sciences, 769(1), 161-172.
https://doi.org/10.1111/j.1749-6632.1995.tb38137.x

Della Sala, S., Foley, J. A., Beschin, N., Allerhand, M., & Logie, R. H. (2010). Assessing dual-task
performance using a paper-and-pencil test: Normative data. Archives of Clinical
Neuropsychology, 25(5), 410—419. https://doi.org/10.1093/arclin/acq039

Dempster, F. N., & Vegas, L. (1992). The rise and fall of the inhibitory mechanism: Toward a unified
theory of cognitive development and aging. Developmental Review, 12(1), 45-75.
https://doi.org/10.1016/0273-2297(92)90003-K

Dennis, N. A., & McCormick-Huhn, J. M. (2018). Item and Associative Memory Decline in Healthy
Aging. In Stevens’ Handbook of Experimental Psychology and Cognitive Neuroscience (pp. 1—
40). https://doi.org/10.1002/9781119170174.epcn110

Derrfuss, J., Brass, M., & Cramon, D. Y. Von. (2004). Cognitive control in the posterior frontolateral

cortex: evidence from common activations in task coordination, interference control, and

Page 268 of 359



working memory. Neurolmage, 23, 604—612.
https://doi.org/10.1016/j.neuroimage.2004.06.007

Dhikav, V., Sethi, M., & Anand, K. S. (2014). Medial temporal lobe atrophy in Alzheimer’s
disease/mild cognitive impairment with depression. British Journal of Radiology, 87(1042).
https://doi.org/10.1259/bjr.20140150

Di Pellegrino, G., Ciaramelli, E., & Ladavas, E. (2007). The regulation of cognitive control following
rostral anterior cingulate cortex lesion in humans. Journal of Cognitive Neuroscience, 19(2),
275-286. https://doi.org/10.1162/jocn.2007.19.2.275

Di, X., Rypma, B., & Biswal, B. B. (2014). Correspondence of Executive Function Related Functional
and Anatomical Alterations in Aging Brain. Progress in Neuro-Psychopharmacology and
Biological Psychiatry, 48(January 3). https://doi.org/10.1016/j.pnpbp.2013.09.001

Diamond, A. (2013). Executive Functions. Annual Review of Psychology, 64, 135-168.
https://doi.org/10.1146/annurev-psych-113011-143750

Diamond, A. (2016). Why improving and assessing EF early in life is critical. In J. A. Griffin, P.
McCardle, & L. S. Freund (Eds.), Executive function in Preschool-a Age Children: Integrating
measurement, neurodevelopment, and translational research. (pp. 11-43).

DiGirolamo, G. J., Kramer, A. F., Barad, V., Cepeda, N. J., Weissman, D. H., Milham, M. P., Wszalek, T.,
Cohen, N. J,, Banich, M. T., Webb, A., Belopolsky, A. V., & McAuley, E. (2001). General and task-
specific frontal lobe recruitment in older adults during executive processes: A fMRI
investigation of task-switching. NeuroReport, 12(9), 2065-2071.
https://doi.org/10.1097/00001756-200107030-00054

Dimitrov, M., Nakic, M., Elpern-Waxman, J., Granetz, J., O’Grady, J., Phipps, M., Milne, E., Logan, G.
D., Hasher, L., & Grafman, J. (2003). Inhibitory attentional control in patients with frontal lobe
damage. Brain and Cognition, 52(2), 258-270. https://doi.org/10.1016/50278-2626(03)00080-0

Dixon, M. L., Vega, A. D. La, Mills, C., Andrews-hanna, J., Spreng, R. N., Cole, M. W., Dixon, M. L., La,
A. De, Mills, C., Andrews-hanna, J., & Spreng, R. N. (2018). Correction: Heterogeneity within the
frontoparietal control network and its relationship to the default and dorsal attention networks
(Proceedings of the National Academy of Sciences of the United States of America (2018) 115
(E1598-E1607) DOI: 10.1073/pn. Proceedings of the National Academy of Sciences of the United
States of America, 115(13), E3068. https://doi.org/10.1073/pnas.1803276115

Doéhnel, K., Sommer, M., Ibach, B., Rothmayr, C., Meinhardt, J., & Hajak, G. (2008). Neural correlates
of emotional working memory in patients with mild cognitive impairment. Neuropsychologia,
46(1), 37-48. https://doi.org/10.1016/j.neuropsychologia.2007.08.012

Doi, T., Shimada, H., Makizako, H., Yoshida, D., Shimokata, H., Ito, K., Washimi, Y., Endo, H., & Suzuki,

Page 269 of 359



T. (2013). Characteristics of cognitive function in early and late stages of amnestic mild
cognitive impairment. Geriatrics & Gerontology International, 13(1), 83-89.
https://doi.org/10.1111/j.1447-0594.2012.00865.x

Dove, A., Pollmann, S., Schubert, T., Wiggins, C. J., & Yves Von Cramon, D. (2000). Prefrontal cortex
activation in task switching: An event-related fMRI study. Cognitive Brain Research, 9(1), 103—
109. https://doi.org/10.1016/50926-6410(99)00029-4

Dubois, B., Hampel, H., Feldman, H., Scheltens, P., Aisen, P., Andrieu, S., Bakardjian, H., Benali, H.,
Bertram, L., Blennow, K., Broich, K., Cavedo, E., Crutch, S., Dartigues, J. F., Duyckaerts, C.,
Epelbaum, S., Frisoni, G. B., Gauthier, S., Genthon, R., ... Jack, C. R. (2016). Preclinical
Alzheimer’s disease: Definition, natural history, and diagnostic criteria. In Alzheimer’s and
Dementia (Vol. 12, Issue 3, pp. 292—323). https://doi.org/10.1016/j.jalz.2016.02.002

Dundon, N. M., Katshu, M. Z. U. H., Harry, B., Roberts, D., Leek, E. C., Downing, P., Sapir, A., Roberts,
C., & D’Avossa, G. (2018). Human parahippocampal cortex supports spatial binding in visual
working memory. Cerebral Cortex, 28(10), 3589-3599. https://doi.org/10.1093/cercor/bhx231

Duong, A., Whitehead, V., Hanratty, K., & Chertkow, H. (2006). The nature of lexico-semantic
processing deficits in mild cognitive impairment. Neuropsychologia, 44(10), 1928-1935.
https://doi.org/10.1016/j.neuropsychologia.2006.01.034

Dupart, M., Auzou, N., & Mathey, S. (2018). Emotional valence impacts lexical activation and
inhibition differently in aging: an emotional Hayling task investigation. Experimental Aging
Research, 44(3), 206—220. https://doi.org/10.1080/0361073X.2018.1449587

Durston, S., Thomas, K. M., Worden, M. S., Yang, Y., & Casey, B. J. (2002). The effect of preceding
context on inhibition: An event-related fMRI study. Neurolmage, 16(2), 449—-453.
https://doi.org/10.1006/nimg.2002.1074

Dux, P. E., Ivanoff, J., Asplund, C. L., & Maraois, R. (2006). Isolation of a Central Bottleneck of
Information Processing with Time-Resolved fMRI. Neuron, 52(6), 1109—-1120.
https://doi.org/10.1016/j.neuron.2006.11.009

Dwolatzky, T., Whitehead, V., Doniger, G. M., Simon, E. S., Schweiger, A., Jaffe, D., & Chertkow, H.
(2003). Validity of a novel computerized cognitive battery for mild cognitive impairment. BMC
Geriatrics, 12, 1-12.

E.L., T., & Chui, H. . (1987). The Modified Mini-Mental State Examination (3MS). Journal of Consulting
and Clinical Psychology, 48, 314—318.

Ebert, P. L., & Anderson, N. D. (2009). Proactive and retroactive interference in young adults, healthy
older adults, and older adults with amnestic mild cognitive impairment. Journal of the

International Neuropsychological Society, 15(1), 83-93.

Page 270 of 359



https://doi.org/10.1017/51355617708090115

Egeland, J. (2015). Measuring working memory with digit span and the letter-number sequencing
subtests from the WAIS-IV: Too low manipulation load and risk for underestimating modality
effects. Applied Neuropsychology:Adult, 22(6), 445-451.
https://doi.org/10.1080/23279095.2014.992069

Einstein, G. 0., & McDaniel, M. A. (1990). Normal Aging and Prospective Memory. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 16(4), 717-726.
https://doi.org/10.1037/0278-7393.16.4.717

El Haj, M., Antoine, P., & Kapogiannis, D. (2015). Flexibility Decline Contributes to Similarity of Past
and Future Thinking in Alzheimer’s Disease. Hippocampus, 25(11), 1447—-1455.
https://doi.org/10.1002/hipo.22465.Flexibility

El Haj, M., Antoine, P., Nandrino, J. L., & Kapogiannis, D. (2015). Autobiographical memory decline in
Alzheimer’s disease, a theoretical and clinical overview. Ageing Research Reviews, 23, 183—-192.
https://doi.org/10.1016/j.arr.2015.07.001

El Haj, M., Largi, F., Gély-Nargeot, M. C., & Raffard, S. (2015). Inhibitory deterioration may contribute
to hallucinations in Alzheimer’s disease. Cognitive Neuropsychiatry, 20(4), 281-295.
https://doi.org/10.1080/13546805.2015.1023392

Elderkin-Thompson, V., Ballmaier, M., Hellemann, G., Pham, D., & Kumar, A. (2008). Executive
Function and MRI Prefrontal Volumes Among Healthy Older Adults. Neuropsychology, 22(5),
626—-637. https://doi.org/10.1037/0894-4105.22.5.626

Elshafey, R., Hassanien, O., Khalil, M., Allah, M. R., Saad, S., Baghdadi, M., & El Zayady, M. (2014).
Hippocampus, caudate nucleus and entorhinal cortex volumetric MRl measurements in
discrimination between Alzheimer’s disease, mild cognitive impairment, and normal aging.
Egyptian Journal of Radiology and Nuclear Medicine, 45(2), 511-518.
https://doi.org/10.1016/j.ejrnm.2013.12.011

Elwood, R. W. (1991). The Wechsler Memory Scale-Revised: Psychometric characteristics and clinical
application. Neuropsychology Review, 2(2), 179-201. https://doi.org/10.1007/BF01109053

Emrani, S., Libon, D. J., Lamar, M., Price, C. C., Jefferson, A. L., Gifford, K. A., Hohman, T. J., Nation, D.
A., Delano-Wood, L., Jak, A, Bangen, K. J., Bondi, M. W., Brickman, A. M., Manly, J., Swenson,
R., & Au, R. (2018). Assessing Working Memory in Mild Cognitive Impairment with Serial Order
Recall. Journal of Alzheimer’s Disease, 61(3), 917-928. https://doi.org/10.3233/JAD-170555

Endrass, T., Schreiber, M., & Kathmann, N. (2012). Speeding up older adults: Age-effects on error
processing in speed and accuracy conditions. Biological Psychology, 89(2), 426-432.
https://doi.org/10.1016/j.biopsycho.2011.12.005

Page 271 of 359



Engle, R. W. (2002). Working memory capacity as executive attention. Current Directions in
Psychological Science, 11(1), 19-23.

Engle, R. W., & Kane, M. J. (2004). Executive Attention, Working Memory Capacity, and a Two-Factor
Theory of Cognitive Control. Psychology of Learning and Motivation - Advances in Research and
Theory, 44, 145-199. https://doi.org/10.1016/S0079-7421(03)44005-X

Engle, R. W., Tuholski, S. W., Laughlin, J. E., & Conway, A. R. A. (1999). Working memory, short-term
memory, and general fluid intelligence. Journal of Experimental Psychology, 128(3), 309—-331.

Erdfelder, E., FAul, F., Buchner, A., & Lang, A. G. (2009). Statistical power analyses using G*Power
3.1: Tests for correlation and regression analyses. Behavior Research Methods, 41(4), 1149—
1160. https://doi.org/10.3758/BRM.41.4.1149

Eriksen, B. A., & Eriken, C. W. (1974). Effects of noise letters upon selective identification of letters.
In Perceptions & Psychophysics (Vol. 16, Issue 1, pp. 143-149).
https://doi.org/10.4992/jjpsy.56.125

Espinosa, A., Boada, M., Vinyes, G., Valero, S., Martinez-lage, P., Pefa-casanova, J., James, T., Wilson,
B. A., & Tdrraga, L. (2009). Ecological Assessment of executive functions in mild cognitive
impairment and mild Alzheimer’s Disease. Journal of the International Neuropsychological
Society, 15(5), 751-757. https://doi.org/10.1017/5135561770999035X.Ecological

Ewers, M., Sperling, R. A., Klunk, W. E., Weiner, M. W., & Hampel, H. (2011). Neuroimaging markers
for the prediction and early diagnosis of Alzheimer’s disease dementia. In Trends in
Neurosciences (Vol. 34, Issue 8, pp. 430—442). https://doi.org/10.1016/].tins.2011.05.005

Facal, D., Juncos-Rabadan, O., Pereiro, A. X., & Lojo-Seoane, C. (2014). Working memory span in mild
cognitive impairment. Influence of processing speed and cognitive reserve. International
Psychogeriatrics, 26(4), 615—625. https://doi.org/10.1017/51041610213002391

Farokhian, F., Yang, C., Beheshti, |., Matsuda, H., & Wu, S. (2017). Age-related gray and white matter
changes in normal adult brains. Aging and Disease, 8(6), 899-909.
https://doi.org/10.14336/AD.2017.0502

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*Power 3: A flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behavior Research
Methods, 39(2), 175—-191. https://doi.org/10.3758/BF03193146

Fellows, L. K., & Farah, M. J. (2003). Ventromedial frontal cortex mediates affective shifting in
humans: Evidence from a reversal learning paradigm. Brain, 126(8), 1830-1837.
https://doi.org/10.1093/brain/awg180

Fernandez-Ruiz, J., Peltsch, A., Alahyane, N., Brien, D. C., Coe, B. C., Garcia, A., & Munoz, D. P. (2018).

Age related prefrontal compensatory mechanisms for inhibitory control in the antisaccade task.

Page 272 of 359



Neurolmage, 165(October 2017), 92-101. https://doi.org/10.1016/j.neuroimage.2017.10.001

Ferraro, F. R., Balota, D. A., & Connor, L. T. (1993). Implicit memory and the formation of new
associations in nondemented parkinson'’s disease individuals and individuals with senile
dementia of the alzheimer type: A serial reaction time (SRT) investigation. Brain and Cognition,
21(2), 163-180. https://doi.org/10.1006/brcg.1993.1013

Ferreira, J. V., de Araujo, N. B., de Oliveira, F., Placido, J., Sant’ Anna, P., Monteiro-Junior, Sobral, R.,
Marinho, V., Deslandes, A., & Laks, J. (2019). Dual task in healthy elderly, depressive and
Alzheimer’s disease patients. Jornal Brasileiro de Psiquiatria, 68(4), 200-207.
https://doi.org/10.1590/0047-2085000000247

Fisk, A. D., & Fisher, D. L. (1994). Brinley Plots and Theories of Aging: The Explicit, Muddled, and
Implicit Debates. Journal of Gerontology, 49(2), 81-89.

Fisk, J. E., & Sharp, C. A. (2004). Age-related impairment in executive functioning: Updating,
inhibition, shifting, and access. Journal of Clinical and Experimental Neuropsychology, 26(7),
874-890. https://doi.org/10.1080/13803390490510680

Fisk, J. E., & Warr, P. (1996). Age and Working Memory : The Role of Perceptual Speed , the Central
Executive, and the Phonological Loop. Psychology and Aging, 11(2), 316—323.

Fjell, A. M., McEvoy, L., Holland, D., Dale, A. M., Walhovd, K. B., & Initiative, for the A. D. N. (2014).
What is normal in normal aging? Effects of aging, amyloid and Alzheimer’s disease on the
cerebral cortex and the hippocampus. In Progress in Neurobiology (Vol. 117, pp. 20-40).
https://doi.org/10.1038/nrn1323

Fletcher, E., Raman, M., Huebner, P., Liu, A., Mungas, D., Carmichael, O., & DeCarli, C. (2013). Loss of
fornix white matter volume as a predictor of cognitive impairment in cognitively normal elderly
individuals. JAMA Neurology, 70(11), 1389-1395.
https://doi.org/10.1001/jamaneurol.2013.3263

Foley, J. A., Kaschel, R., & Della Sala, S. (2013). Dual tasking in Alzheimer’s disease and depression.
Zeitschrift Fur Neuropsychologie, 24(1), 25-33. https://doi.org/10.1024/1016-264X/a000089

Foley, J. A., Kaschel, R., Logie, R. H., & Della Sala, S. (2011). Dual-task performance in Alzheimers
disease, mild cognitive impairment, and normal ageing. Archives of Clinical Neuropsychology,
26(4), 340-348. https://doi.org/10.1093/arclin/acr032

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). “Mini-mental state”: a practical method for
grading the cognitive state of patients for the clinician. Journal of Psychiatric Research, 12(3),
189-198. https://doi.org/10.3744/snak.2003.40.2.021

Ford, J. H., Rubin, D. C., & Giovanello, K. S. (2014). Effects of task instruction on autobiographical

memory specificity in young and older adults. Memory, 22(6), 722—736.

Page 273 of 359



https://doi.org/10.1080/09658211.2013.820325

Fountain-Zaragoza, S., Puccetti, N. A., Whitmoyer, P., & Prakash, R. S. (2018). Aging and Attentional
Control: Examining the Roles of Mind-Wandering Propensity and Dispositional Mindfulness.
Journal of the International Neuropsychological Society, 24(8), 876—888.
https://doi.org/10.1017/51355617718000553

Fraser, S., & Bherer, L. (2013). Age-related decline in divided-attention: From theoretical lab
research to practical real-life situations. In Wiley Interdisciplinary Reviews: Cognitive Science
(Vol. 4, Issue 6, pp. 623—640). https://doi.org/10.1002/wcs.1252

Friedman, N. P., & Miyake, A. (2004). The Relations Among Inhibition and Interference Control
Functions: A Latent-Variable Analysis. Journal of Experimental Psychology: General, 133(1),
101-135. https://doi.org/10.1037/0096-3445.133.1.101

Friedman, N. P., & Miyake, A. (2017). Unity and diversity of executive functions: Individual
differences as a window on cognitive structure. In Cortex (Vol. 86, pp. 186—204).
https://doi.org/10.1016/j.cortex.2016.04.023

Friedman, N. P., Miyake, A., Young, S. E., DeFries, J. C., Corley, R. P., & Hewitt, J. K. (2008). Individual
Differences in Executive Functions Are Almost Entirely Genetic in Origin. Journal of
Experimental Psychology: General, 137(2), 201-225. https://doi.org/10.1037/0096-
3445.137.2.201

Frings, L., Yew, B., Flanagan, E., Lam, B. Y. K., Hill, M., Huppertz, H. J., Hodges, J. R., & Hornberger,
M. (2014). Longitudinal grey and white matter changes in frontotemporal dementia and
Alzheimer’s disease. PLoS ONE, 9(3). https://doi.org/10.1371/journal.pone.0090814

Frischkorn, G. T., Schubert, A. L., & Hagemann, D. (2019). Processing speed, working memory, and
executive functions: Independent or inter-related predictors of general intelligence.
Intelligence, 75(May), 95-110. https://doi.org/10.1016/j.intell.2019.05.003

Frisoni, G. B., Fox, N. C., Jack, C. R., Scheltens, P., & Thompson, P. M. (2010). The clinical use of
structural MRl in Alzheimer disease. Nature Reviews Neurology, 6, 67-77.

Friston, K. J., Holmes, A. P., Worsley, K. J., Poline, J. -P, Frith, C. D., & Frackowiak, R. S. J. (1995).
Statistical parametric maps in functional imaging: A general linear approach. Human Brain
Mapping, 2(4), 189-210. https://doi.org/10.1002/hbm.460020402

Funahashi, S., & Andreau, J. M. (2013). Prefrontal cortex and neural mechanisms of executive
function. Journal of Physiology Paris, 107(6), 471-482.
https://doi.org/10.1016/j.jphysparis.2013.05.001

Furukawa, K., Ishiki, A., Tomita, N., Onaka, Y., Saito, H., Nakamichi, T., Hara, K., Kusano, Y., Ebara, M.,
Arata, Y., Sakota, M., Miyazawa, |., Totsune, T., Okinaga, S., Okamura, N., Kudo, Y., & Arai, H.

Page 274 of 359



(2016). Introduction and overview of the special issue “Brain imaging and aging”: The new era
of neuroimaging in aging research. Ageing Research Reviews, 30, 1-3.
https://doi.org/10.1016/j.arr.2016.02.005

Gage, N. M., & Baars, B. J. (2019). Decisions, Goals, and Actions. In B. J. B. Nicole M. Gage (Ed.),
Fundamentals of Cognitive Neuroscience (Second Edi, pp. 279-319). Elsevier Inc.
https://doi.org/10.1016/b978-0-12-803813-0.00009-x

Gagnon, L. G., & Belleville, S. (2011). Working Memory in Mild Cognitive Impairment and Alzheimer’s
Disease: Contribution of Forgetting and Predictive Value of Complex Span Tasks.
Neuropsychology, 25(2), 226—236. https://doi.org/10.1037/a0020919

Gajewski, P. D., Ferdinand, N. K., Kray, J., & Falkenstein, M. (2018). Understanding sources of adult
age differences in task switching: Evidence from behavioral and ERP studies. Neuroscience and
Biobehavioral Reviews, 92(June 2017), 255—-275.
https://doi.org/10.1016/j.neubiorev.2018.05.029

Gajewski, P. D., Hanisch, E., Falkenstein, M., Thones, S., & Wascher, E. (2018). What does the n-Back
task measure as we get older? Relations between working-memory measures and other
cognitive functions across the lifespan. Frontiers in Psychology, 9(NOV), 1-17.
https://doi.org/10.3389/fpsyg.2018.02208

Gamboz, N., Borella, E., & Brandimonte, M. A. (2009). The role of switching, inhibition and working
memory in older adults’ performance in the Wisconsin Card Sorting Test. Aging,
Neuropsychology, and Cognition, 16(3), 260—284.
https://doi.org/10.1080/13825580802573045

Garavan, H., Ross, T. J., & Stein, E. A. (1999). Right hemispheric dominance of inhibitory control: An
event-related functional MRI study. Proceedings of the National Academy of Sciences of the
United States of America, 96(14), 8301-8306. https://doi.org/10.1073/pnas.96.14.8301

Garcia-Alvarez, L., Gomar, J. J,, Sousa, A., Garcia-Portilla, M. P., & Goldberg, T. E. (2019). Breadth and
depth of working memory and executive function compromises in mild cognitive impairment
and their relationships to frontal lobe morphometry and functional competence. Alzheimer’s
and Dementia: Diagnosis, Assessment and Disease Monitoring, 11, 170-179.
https://doi.org/10.1016/j.dadm.2018.12.010

Garnier-Crussard, A., Bougacha, S., Wirth, M., André, C., Delarue, M., Landeau, B., Mézenge, F.,
Kuhn, E., Gonneaud, J., Chocat, A., Quillard, A., Ferrand-Devouge, E., De La Sayette, V., Vivien,
D., Krolak-Salmon, P., & Chételat, G. (2020). White matter hyperintensities across the adult
lifespan: Relation to age, AB load, and cognition. Alzheimer’s Research and Therapy, 12(1), 1-

11. https://doi.org/10.1186/s13195-020-00669-4

Page 275 of 359



Gautbhier, S., Reisberg, B., Zaudig, M., Petersen, R. C., Ritchie, K., Broich, K., Belleville, S., Brodaty, H.,
Bennett, D., Chertkow, H., Cummings, J. L., de Leon, M., Feldman, H., Ganguli, M., Hampel, H.,
Scheltens, P., Tierney, M. C., Whitehouse, P., & Winblad, B. (2006). Mild cognitive impairment.
Lancet (London, England), 367(9518), 1262—-1270. https://doi.org/10.1016/50140-
6736(06)68542-5

Gazes, Y., Rakitin, B. C., Habeck, C., Steffener, J., & Stern, Y. (2012). Age differences of multivariate
network expressions during task-switching and their associations with behavior.
Neuropsychologia, 50(14), 3509—3518.
https://doi.org/10.1016/j.neuropsychologia.2012.09.039

Gazzaley, A., Sheridan, M. A,, Cooney, J. W., & D’Esposito, M. (2007). Age-Related Deficits in
Component Processes of Working Memory. Neuropsychology, 21(5), 532-539.
https://doi.org/10.1037/0894-4105.21.5.532

Ge, Y., Grossman, R. I., Babb, J. S., Rabin, M. L., Mannon, L. J., & Kolson, D. L. (2002). Age-related
total gray matter and white matter changes in normal adult brain. Part I: Volumetric MR
imaging analysis. American Journal of Neuroradiology, 23(8), 1327-1333.

Geerligs, L., Maurits, N. M., Renken, R. J., & Lorist, M. M. (2014). Reduced specificity of functional
connectivity in the aging brain during task performance. Human Brain Mapping, 35(1), 319—
330. https://doi.org/10.1002/hbm.22175

Gehring, W. J., & Knight, R. T. (2002). Lateral prefrontal damage affects processing selection but not
attention switching. In Cognitive Brain Research (Vol. 13). www.bres-interactive.com

Gick, M. L., Craik, F. I. M., & Morris, R. G. (1988). Task complexity and age differences in working
memory. Memory & Cognition, 16(4), 353—361. https://doi.org/10.3758/BF03197046

Gili, T., Cercignani, M., Serra, L., Perri, R., Giove, F., Maraviglia, B., Caltagirone, C., & Bozzali, M.
(2011). Regional brain atrophy and functional disconnection across Alzheimer’s disease
evolution. Journal of Neurology, Neurosurgery and Psychiatry, 82(1), 58—66.
https://doi.org/10.1136/jnnp.2009.199935

Gilsoul, J., Simon, J., Hogge, M., & Collette, F. (2019). Do attentional capacities and processing speed
mediate the effect of age on executive functioning? Aging, Neuropsychology, and Cognition,
26(2), 282-317. https://doi.org/10.1080/13825585.2018.1432746

Giorgio, A., Santelli, L., Tomassini, V., Bosnell, R., Smith, S., De Stefano, N., & Johansen-Berg, H.
(2010). Age-related changes in grey and white matter structure throughout adulthood.
Neurolmage, 51(3), 943-951. https://doi.org/10.1016/j.neuroimage.2010.03.004

Glass, J. M., Schumacher, E. H., Lauber, E. J., Zurbriggen, E. L., Gmeindl|, L., Kieras, D. E., & Meyer, D.

E. (2000). Aging and the Psychological Refractory Period: Task Coordination Strategies in Young

Page 276 of 359



and Old Adults. Psychology and Aging, 15(4), 571-595. https://doi.org/10.1037/0882-
7974.15.4.571

Glisky, E. L. (2007). Changes in Cognitive Function in Human Aging. In R. DR (Ed.), Brain Aging:
Models, Methods, and Mechanisms (p. Chapter 1). Boca Raton (FL): CRC Press/Taylor & Francis.
https://www.ncbi.nlm.nih.gov/books/NBK3885/

Glisky, E. L., Alexander, G. E., Hou, M., Kawa, K., Woolverton, C. B., Zigman, E. K., Nguyen, L. A.,
Haws, K., Figueredo, A., & Ryan, L. (2020). Differences between young and older adults in unity
and diversity of executive functions. Aging, Neuropsychology, and Cognition, 28(6), 829—854.
https://doi.org/10.1080/13825585.2020.1830936

Godbout, L., Grenier, M. C., Braun, C. M. J., & Gagnon, S. (2005). Cognitive structure of executive
deficits in patients with frontal lesions performing activities of daily living. Brain Injury, 19(5),
337-348. https://doi.org/10.1080/02699050400005093

Godefroy, 0., Roussel, M., Despretz, P., Quaglino, V., & Boucart, M. (2010). Age-related slowing:
Perceptuomotor, decision, or attention decline? Experimental Aging Research, 36(2), 169-189.
https://doi.org/10.1080/03610731003613615

Goh, J. 0., & Park, D. C. (2009). Neuroplasticity and cognitive aging: The scaffolding theory of aging
and cognition. In Restorative Neurology and Neuroscience (Vol. 27, Issue 5, pp. 391-403).
https://doi.org/10.3233/RNN-2009-0493

Gold, B. T., Powell, D. K., Xuan, L., Jicha, G. A, & Smith, C. D. (2010). Age-related slowing of task
switching is associated with decreased integrity of frontoparietal white matter. Neurobiology of
Aging, 31(3), 512-522. https://doi.org/10.1016/j.neurobiolaging.2008.04.005

Golden, C. J. (1978). A manual for the clinical and experimental use of the Stroop color and word test.

Goldman-Rakic, P. S. (1995). Cellular basis of working memory. Neuron, 14, 477-485.
https://doi.org/10.1016/0896-6273(95)90304-6

Goodglass, H., Kaplan, E., & Weintraub, S. (1983). Boston naming test. Lea & Febiger.

Grady, C. (2012). The cognitive neuroscience of ageing. Nature Reviews Neuroscience, 13(7), 491—
505. https://doi.org/10.1038/nrn3256

Grady, C., & Craik, F. I. M. (2000). Changes in memory processing with age. Current Opinion in
Neurobiology, 10(2), 224-231. https://doi.org/10.1016/50959-4388(00)00073-8

Grady, C., Sarraf, S., Saverino, C., & Campbell, K. (2016). Age differences in the functional
interactions among the default, frontoparietal control, and dorsal attention networks.
Neurobiology of Aging, 41, 159—-172. https://doi.org/10.1016/j.neurobiolaging.2016.02.020

Grady, C., Springer, M. V, Hongwanishkul, D., MclIntosh, A. R., & Winocur, G. (2006). Age-related

changes in brain activity across the adult lifespan. Journal of Cognitive Neuroscience, 18(2),

Page 277 of 359



227-241. https://doi.org/10.1162/jocn.2006.18.2.227

Graf, P., Uttl, B., & Tuokko, H. (1995). Color- and Picture-Word Stroop Tests: Performance Changes in
Old Age. Journal of Clinical and Experimental Neuropsychology, 17(3), 390-415.
https://doi.org/10.1080/01688639508405132

Grambaite, R., Selnes, P., Reinvang, |., Aarsland, D., Hessen, E., Gjerstad, L., & Fladby, T. (2011).
Executive dysfunction in mild cognitive impairment is associated with changes in frontal and
cingulate white matter tracts. Journal of Alzheimer’s Disease, 27(2), 453-462.
https://doi.org/10.3233/JAD-2011-110290

Grange, J. A., & Becker, R. B. (2019). The Effect of Aging on Response Congruency in Task Switching:
A Meta-Analysis. Journals of Gerontology - Series B Psychological Sciences and Social Sciences,
74(3), 389-396. https://doi.org/10.1093/geronb/gbx122

Greene, J. D. W., Hodges, J. R., & Baddeley, A. (1995). Autobiographic Memory and Executive
Funtion in Early Dementia of Alzheimer Type. Neuropsychologia, 33(12), 1647-1670.

Greenwood, P. M. (2000). The frontal aging hypothesis evaluated. Journal of the International
Neuropsychological Society, 6(6), 705-726. https://doi.org/10.1017/51355617700666092

Grégoire, J., & Van der Linden, M. (1997). Effect of age on forward and backward digit spans. Aging,
Neuropsychology, and Cognition, 4(2), 140-149. https://doi.org/10.1080/13825589708256642

Griffin, P. T., & Heffernan, A. (1983). Digit span, forward and backward: Separate and unequal
components of the WAIS digit span. Perception and Motor Skillsceptual and Motor Skills, 56(1),
335-338. https://doi.org/10.2466%2Fpms.1983.56.1.335

Griffith, H. R., Netson, K. L., Harrell, L. E., Zamrini, E. Y., Brockington, J. C., & Marson, D. C. (2006).
Amnestic mild cognitive impairment: Diagnostic outcomes and clinical prediction over a two-
year time period. Journal of the International Neuropsychological Society, 12(2), 166—175.
https://doi.org/10.1017/51355617706060267

Grénholm-Nyman, P., Rinne, J. O., & Laine, M. (2010). Learning and forgetting new names and
objects in MCl and AD. Neuropsychologia, 48(4), 1079—1088.
https://doi.org/10.1016/j.neuropsychologia.2009.12.008

Gruber, S. A., Rogowska, J., Holcomb, P., Soraci, S., & Yurgelun-Todd, D. (2002). Stroop performance
in normal control subjects: An fMRI study. Neurolmage, 16(2), 349-360.
https://doi.org/10.1006/nimg.2002.1089

Grundman, M., Petersen, R. C., Ferris, S. H., Thomas, R. G., Aisen, P. S., Bennett, D. A, Foster, N. L.,
Jack, C. R., Galasko, D. R., Doody, R., Kaye, J., Sano, M., Mohs, R., Gauthier, S., Kim, H. T., Jin, S,,
Schultz, A. N., Schafer, K., Mulnard, R, ... Thal, L. J. (2004). Mild Cognitive Impairment Can Be

Distinguished from Alzheimer Disease and Normal Aging for Clinical Trials. Archives of

Page 278 of 359



Neurology, 61(1), 59—66. https://doi.org/10.1001/archneur.61.1.59

Gu, L., & Guo, Z. (2013). Alzheimer’s AB42 and AB40 peptides form interlaced amyloid fibrils. Journal
of Neurochemistry, 126(3), 305—311. https://doi.org/10.1111/jnc.12202

Guarino, A., Forte, G., Giovannoli, J., & Casagrande, M. (2020). Executive functions in the elderly with
mild cognitive impairment: a systematic review on motor and cognitive inhibition, conflict
control and cognitive flexibility. Aging and Mental Health, 24(7), 1028—-1045.
https://doi.org/10.1080/13607863.2019.1584785

Guerdoux, E., Dressaire, D., Martin, S., Adam, S., & Brouillet, D. (2012). Habit and recollection in
healthy aging, mild cognitive impairment, and alzheimer’s disease. Neuropsychology, 26(4),
517-533. https://doi.org/10.1037/a0028718

Guild, E. B., Vasquez, B. P., Maione, A. M., Mah, L., Ween, J., & Anderson, N. D. (2014). Dynamic
working memory performance in individuals with single-domain amnestic mild cognitive
impairment. Journal of Clinical and Experimental Neuropsychology, 36(7), 751-760.
https://doi.org/10.1080/13803395.2014.941790

Gunning-Dixon, F. M., Brickman, A. M., Cheng, J. C., & Alexopoulos, G. S. (2009). Aging of cerebral
white matter: A review of MRI findings. In International Journal of Geriatric Psychiatry.
https://doi.org/10.1002/gps.2087

Gunning-Dixon, F. M., & Raz, N. (2000). The cognitive correlates of white matter abnormalities in
normal aging: A quantitative review. Neuropsychology, 14(2), 224-232.
https://doi.org/10.1037/0894-4105.14.2.224

Gutchess, A. H., Welsh, R. C., Hedden, T., Bangert, A., Minear, M., Liu, L. L., & Park, D. C. (2005).
Aging and the neural correlates of successful picture encoding: Frontal activations compensate
for decreased medial-temporal activity. Journal of Cognitive Neuroscience, 17(1), 84—96.
https://doi.org/10.1162/0898929052880048

Gyurkovics, M., Balota, D. A., & Jackson, J. D. (2018). Mind-wandering in healthy aging and early
stage alzheimer’s disease. Neuropsychology, 32(1), 89—101.
https://doi.org/10.1037/neu0000385

Haier, R. J., White, N. S., & Alkire, M. T. (2003). Individual differences in general intelligence correlate
with brain function during nonreasoning tasks. Intelligence, 31(5), 429—-441.
https://doi.org/10.1016/5S0160-2896(03)00025-4

Hakun, J. G., Zhu, Z., Johnson, N. F., & Gold, B. T. (2015). Evidence for reduced efficiency and
successful compensation in older adults during task switching. Cortex, 64, 352—-362.
https://doi.org/10.1016/j.cortex.2014.12.006

Hale, S., Rose, N. S., Myerson, J., Strube, M. J., Sommers, M., Tye-Murray, N., & Spehar, B. (2011).

Page 279 of 359



The Structure of Working Memory Abilities Across the Adult Life Span. Psychology and Aging,
26(1), 92-110. https://doi.org/10.1037/a0021483

Hallett, P. E. (1978). Primary and secondary saccades to goals defined by instructions. Vision
Research, 18(10), 1279-1296.

Hamdan, A. C., & Hamdan, E. M. L. R. (2009). Effects of age and education level on the Trail Making
Test in a healthy Brazilian sample. Psychology & Neuroscience, 2(2), 199—203.
https://doi.org/10.3922/j.psns.2009.2.012

Hampshire, A., Chamberlain, S. R., Monti, M. M., Duncan, J., & Owen, A. M. (2010). The role of the
right inferior frontal gyrus: inhibition and attentional control. Neurolmage, 50(3), 1313-1319.
https://doi.org/10.1016/j.neuroimage.2009.12.109

Han, S. D., Bangen, K. J., & Bondi, M. W. (2009). Functional magnetic resonance imaging of
compensatory neural recruitment in aging and risk for Alzheimer’s disease: Review and
recommendations. Dementia and Geriatric Cognitive Disorders, 27(1), 1-10.
https://doi.org/10.1159/000182420

Hanes, K. R., Andrewes, D. G., Smith, D. J., & Pantelis, C. (1996). A brief assessment of executive
control dysfunction: Discriminant validity and homogeneity of planning, set shift, and fluency
measures. Archives of Clinical Neuropsychology, 11(3), 185-191. https://doi.org/10.1016/0887-
6177(95)00034-8

Harada, C. N., Natelson Love, M. C., & Triebel, K. L. (2013). Normal cognitive aging. In Clinics in
Geriatric Medicine (Vol. 29, Issue 4, pp. 737-752). https://doi.org/10.1016/j.cger.2013.07.002

Harding, I. H., Ylcel, M., Harrison, B. J., Pantelis, C., & Breakspear, M. (2015). Effective connectivity
within the frontoparietal control network differentiates cognitive control and working memory.
Neurolmage, 106, 144—153. https://doi.org/10.1016/j.neuroimage.2014.11.039

Harter, S. L., Hart, C. C., & Harter, G. W. (1999). Expanded scoring criteria for the design fluency test:
Reliability and validity in neuropsychological and college samples. Archives of Clinical
Neuropsychology, 14(5), 419—-432. https://doi.org/10.1016/50887-6177(98)00033-X

Hartley, A. A. (2001). Age differences in dual-task interference are localized to response-generation
processes. Psychology and Aging, 16(1), 47-54. https://doi.org/10.1037/0882-7974.16.1.47

Hartley, A. A., Jonides, J., & Sylvester, C. Y. C. (2011). Dual-task processing in younger and older
adults: Similarities and differences revealed by fMRI. Brain and Cognition, 75(3), 281-291.
https://doi.org/10.1016/j.bandc.2011.01.004

Hartley, A. A., Kieley, J. M., & Slabach, E. H. (1990). Age Differences and Similarities in the Effects of
Cues and Prompts. Journal of Experimental Psychology: Human Perception and Performance,

16(3), 523-537. https://doi.org/10.1037/0096-1523.16.3.523

Page 280 of 359



Hartley, A. A,, Little, D. M., Dean, D., Eberle, C., Garcia, M., Liegler, K., Metzger, T., Robinson, T., Teal,
J., Tranh, N., & Wong, S. (1999). Age-Related Differences and Similarities in Dual-Task
Interference. Journal of Experimental Psychology: General, 128(4), 416—449.

Hartley, A. A., & Maquestiaux, F. (2007). Success and Failure at Dual-Task Coordination by Younger
and Older Adults. Psychology and Aging, 22(2), 215-222. https://doi.org/10.1037/0882-
7974.22.2.215

Hartman, M., Bolton, E., & Fehnel, S. E. (2001). Accounting for age differences on the Wisconsin Card
Sorting Test: Decreased working memory, not inflexibility. Psychology and Aging, 16(3), 385—
399. https://doi.org/10.1037/0882-7974.16.3.385

Hasher, L., Lustig, C., & Zacks, R. (2008). Inhibitory Mechanisms and the Control of Attention. In
Variation in Working Memory (Vol. 15, Issue 1, pp. 583—605).
https://doi.org/10.1093/acprof:0s0/9780195168648.003.0009

Hasher, L., & Zacks, R. (1988). Working Memory, Comprehension, and Aging: A Review and a New
View. In The Psychology of Learning (pp. 193—225). Academic Press.

Hazeltine, E., Bunge, S. A., Scanlon, M. D., & Gabrieli, J. D. E. (2003). Material-dependent and
material-independent selection processes in the frontal and parietal lobes: An event-related
fMRI investigation of response competition. Neuropsychologia, 41(9), 1208-1217.
https://doi.org/10.1016/50028-3932(03)00040-X

Hazeltine, E., Poldrack, R., & Gabrieli, J. D. E. (2000). Neural activation during response competition.
Journal of Cognitive Neuroscience, 12(SUPPL. 2), 118-129.
https://doi.org/10.1162/089892900563984

Head, D., Rodrigue, K. M., Kennedy, K. M., & Raz, N. (2008). Neuroanatomical and Cognitive
Mediators of Age-Related Differences in Episodic Memory. Neuropsychology, 22(4), 491-507.
https://doi.org/10.1037/0894-4105.22.4.491

Hedden, T., & Gabrieli, J. D. E. (2004). Insights into the ageing mind: A view from cognitive
neuroscience. Nature Reviews Neuroscience, 5(2), 87-96. https://doi.org/10.1038/nrn1323

Hedden, T., & Yoon, C. (2006). Individual differences in executive processing predict susceptibility to
interference in verbal working memory. Neuropsychology, 20(5), 511-528.
https://doi.org/10.1037/0894-4105.20.5.511

Hein, G., & Schubert, T. (2004). Aging and input processing in dual-task situations. Psychology and
Aging, 19(3), 416-432. https://doi.org/10.1037/0882-7974.19.3.416

Herath, P., Klingberg, T., Young, J., Amunts, K., & Roland, P. (2001). Neural correlates of dual task
interference can be dissociated from those of divided attention: An fMRI study. Cerebral

Cortex, 11(9), 796-805. https://doi.org/10.1093/cercor/11.9.796

Page 281 of 359



Hershey, T., Black, K. J., Hartlein, J., Braver, T. S., Barch, D. M., Carl, J. L., & Perlmutter, J. S. (2004).
Dopaminergic modulation of response inhibition: An fMRI study. Cognitive Brain Research,
20(3), 438-448. https://doi.org/10.1016/j.cogbrainres.2004.03.018

Hesselmann, G., Flandin, G., & Dehaene, S. (2011). Probing the cortical network underlying the
psychological refractory period: A combined EEG-fMRI study. Neurolmage, 56(3), 1608-1621.
https://doi.org/10.1016/j.neuroimage.2011.03.017

Hillman, C. H., Kramer, A. F., Belopolsky, A. V, & Smith, D. P. (2006). A cross-sectional examination of
age and physical activity on performance and event-related brain potentials in a task switching
paradigm. International Journal of Psychophysiology, 59(1), 30-39.
https://doi.org/10.1016/j.ijpsycho.2005.04.009

Hirsch, P., Schwarzkopp, T., Declerck, M., Reese, S., & Koch, I. (2016). Age-related differences in task
switching and task preparation: Exploring the role of task-set competition. Acta Psychologica,
170, 66-73. https://doi.org/10.1016/].actpsy.2016.06.008

Houx, P., Jolles, J., & Vreeling, F. (1993). Stroop interference: aging effects assessed with the Stroop
Color-Word Test. Experimental Aging Research, 19(3), 209-224.
https://doi.org/10.1080/03610739308253934

Howieson, D. (2019). Current limitations of neuropsychological tests and assessment procedures.
Clinical Neuropsychologist, 33(2), 200-208. https://doi.org/10.1080/13854046.2018.1552762

Howieson, D. B. (2015). Cognitive Skills and the Aging Brain: What to Expect. Cerebrum : The Dana
Forum on Brain Science, 2015, cer-14-15.
http://www.ncbi.nlm.nih.gov/pubmed/27408669%0Ahttp://www.pubmedcentral.nih.gov/artic
lerender.fcgi?artid=PMC4938247

Hsieh, S., Liang, Y. C., & Tsai, Y. C. (2012). Do age-related changes contribute to the flanker effect?
Clinical Neurophysiology, 123(5), 960-972. https://doi.org/10.1016/].clinph.2011.09.013

Hsieh, S., Wu, M., & Tang, C. H. (2016). Adaptive strategies for the elderly in inhibiting irrelevant and
conflict no-go trials while performing the Go/No-Go task. Frontiers in Aging Neuroscience,
7(JAN), 1-14. https://doi.org/10.3389/fnagi.2015.00243

Hua, X., Hibar, D. P., Lee, S., Toga, A. W., Jack, C. R., Weiner, M. W., & Thompson, P. M. (2010). Sex
and age differences in atrophic rates: An ADNI study with n=1368 MRI scans. Neurobiology of
Aging, 31(8), 1463—-1480. https://doi.org/10.1016/j.neurobiolaging.2010.04.033

Huang, S. F,, Liu, C. K., Chang, C.-C., & Su, C. Y. (2017). Sensitivity and specificity of executive function
tests for Alzheimer’s disease. Applied Neuropsychology:Adult, 24(6), 493-504.
https://doi.org/10.1080/23279095.2016.1204301

Huff, M. J., Balota, D. A., Minear, M., Aschenbrenner, A. J., & Duchek, J. M. (2015). Dissociative global

Page 282 of 359



and local task-switching costs across younger adults, middle-aged adults, older adults, and very
mild Alzheimer’s disease individuals. Psychology and Aging, 30(4), 727-739.
https://doi.org/10.1037/pag0000057

Hughes, C. P., Berg, L., Danziger, W. L., Coben, L. A., & Martin, R. L. (1982). A new clinical scale for
the staging of dementia. British Journal of Psychiatry, 140(6), 566—572.
https://doi.org/10.1192/bjp.140.6.566

Hughes, M. E., Johnston, P. J., Fulham, W. R., Budd, T. W., & Michie, P. T. (2013). Stop-signal task
difficulty and the right inferior frontal gyrus. Behavioural Brain Research, 256, 205-213.
https://doi.org/10.1016/j.bbr.2013.08.026

Hull, R., Martin, R. C., Beier, M. E., Lane, D., & Hamilton, A. C. (2008). Executive Function in Older
Adults: A Structural Equation Modeling Approach. Neuropsychology, 22(4), 508-522.
https://doi.org/10.1037/0894-4105.22.4.508

Humes, G. E., Welsh, M. G., Retzlaff, P., & Cookson, N. (1997). Towers of Hanoi and London:
Reliability and validity of two executive function tasks. Assessment, 4(3), 249-257.
https://doi.org/10.1177/107319119700400305

Hunter, S. J., & Sparrow, E. P. (Eds.). (2012). Executive Function and Dysfunction: Identification,
Assessment and Treatment. Cambridge University Press.

Huntley, J. D., & Howard, R. (2010). Working memory in early Alzheimer’s disease: A
neuropsychological review. In International Journal of Geriatric Psychiatry (Vol. 25, Issue 2, pp.
121-132). https://doi.org/10.1002/gps.2314

Hutchison, K. A., Balota, D. A., & Ducheck, J. M. (2010). The utility of stroop task switching as a
marker for early-stage alzheimer’s disease. Psychology and Aging, 25(3), 545-559.
https://doi.org/10.1037/a0018498

Inasaridze, K., Foley, J. A., Logie, R. H., & Della Sala, S. (2009). Dual task impairments in vascular
dementia. Behavioural Neurology, 22(1-2), 45-52. https://doi.org/10.3233/BEN-2009-0252

Ingelsson, M., Fukumoto, H., Newell, K. L., Growdon, J. H., Hedley—Whyte, E. T., Frosch, M. P., Albert,
M. S., Hyman, B. T., & Irizarry, M. C. (2004). Early AB accumulation and progressive synaptic
loss, gliosis, and tangle formation in AD brain. Neurology, 62(6).
https://doi.org/https://doi.org/10.1212/01.WNL.0000115115.98960.37

lordan, A. D., Cooke, K. A., Moored, K. D., Katz, B., Buschkuehl, M., Jaeggi, S. M., Polk, T. A,, Peltier, S.
J., Jonides, J., & Reuter-Lorenz, P. A. (2020). Neural correlates of working memory training:
Evidence for plasticity in older adults. Neurolmage, 217(April), 116887.
https://doi.org/10.1016/j.neuroimage.2020.116887

Isaacowitz, D. M., Wadlinger, H. A., Goren, D., & Wilson, H. R. (2006). Is there an age-related

Page 283 of 359



positivity effect in visual attention? A comparison of two methodologies. Emotion, 6(3), 511-
516. https://doi.org/10.1037/1528-3542.6.3.511

Ishizaki, J., Meguro, K., Nara, N., Kasai, M., & Yamadori, A. (2013). Impaired shifting of visuospatial
attention in Alzheimer’s disease as shown by the covert orienting paradigm: Implications for
visual construction disability. Behavioural Neurology, 26(1-2), 121-129.
https://doi.org/10.3233/BEN-2012-110208

Israel, M., & Cohen, A. (2011). Involuntary strategy-dependent dual task performance. Psychological
Research, 75(6), 513-524. https://doi.org/10.1007/s00426-011-0359-y

Ivanova, M. V., Dragoy, O., Kuptsova, S. V., Yu. Akinina, S., Petrushevskii, A. G., Fedina, O. N., Turken,
A., Shklovsky, V. M., & Dronkers, N. F. (2018). Neural mechanisms of two different verbal
working memory tasks: A VLSM study. Neuropsychologia, 115(June 2017), 25-41.
https://doi.org/10.1016/j.neuropsychologia.2018.03.003

Jack, C. R,, Albert, M. S., Knopman, D. S., McKhann, G. M., Sperling, R. A., Carrillo, M. C., Thies, B., &
Phelps, C. H. (2011). Introduction to the recommendations from the National Institute on
Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. In
Alzheimer’s and Dementia (Vol. 7, Issue 3, pp. 257-262).
https://doi.org/10.1016/j.jalz.2011.03.004

Jack, C. R., Knopman, D. S, Jagust, W. J., Petersen, R. C., Weiner, M. W.,, Aisen, P., Shaw, L. M.,
Vemuri, P., Wiste, H. J., Weigand, S. D., Lesnick, T. G., Pankratz, V. S., Donohue, M. C., &
Trojanowski, J. Q. (2013). Tracking pathophysiological processes in Alzheimer’s disease: An
updated hypothetical model of dynamic biomarkers. The Lancet Neurology, 12(2), 207-216.
https://doi.org/10.1016/51474-4422(12)70291-0

Jack, C. R, Knopman, D. S., Jagust, W. J., Shaw, L. M., Aisen, P., Weiner, M. W., Petersen, R. C., &
Trojanowski, J. Q. (2010). Hypothetical model of dynamic biomarkers of the Alzheimer’s
pathological cascade. The Lancet Neurology, 9(1), 119-128. https://doi.org/10.1016/51474-
4422(09)70299-6

Jack, C. R, Lowe, V. J., Weigand, S. D., Wiste, H. J., Senjem, M. L., Knopman, D. S., Shiung, M. M.,
Gunter, J. L., Boeve, B. F., Kemp, B. J., Weiner, M., & Petersen, R. C. (2009). Serial PIB and MRI
in normal, mild cognitive impairment and Alzheimers disease: Implications for sequence of
pathological events in Alzheimers disease. Brain, 132(5), 1355-1365.
https://doi.org/10.1093/brain/awp062

Jack, C. R,, Shiung, M. M., Weigand, S. D., O’Brien, P. C., Gunter, J. L., Boeve, B. F., Knopman, D. S,,
Smith, G. E., lvnik, R. J., Tangalos, E. G., & Petersen, R. C. (2005). Brain atrophy rates predict

subsequent clinical conversion in normal elderly and amnestic MCI. Neurology, 65(8), 1227-

Page 284 of 359



1231. https://doi.org/10.1212/01.wnl.0000180958.22678.91

Jacobs, H. I. L., Radua, J., Liickmann, H. C., & Sack, A. T. (2013). Meta-analysis of functional network
alterations in Alzheimer’s disease: Toward a network biomarker. In Neuroscience and
Biobehavioral Reviews (Vol. 37, Issue 5, pp. 753-765).
https://doi.org/10.1016/j.neubiorev.2013.03.009

Jaeggi, S. M., Buschkuehl, M., Perrig, W. J., & Meier, B. (2010). The concurrent validity of the N-back
task as a working memory measure. Memory, 18(4), 394-412.
https://doi.org/10.1080/09658211003702171

Jansari, A. S., Devlin, A., Agnew, R., Akesson, K., Murphy, L., & Leadbetter, T. (2014). Ecological
assessment of executive functions: A new virtual reality paradigm. Brain Impairment, 15(2), 71—
87. https://doi.org/10.1017/Brimp.2014.14

Jansma, J. M., Ramsey, N. F., Coppola, R., & Kahn, R. S. (2000). Specific versus nonspecific brain
activity in a parametric n-back task. Neurolmage, 12(6), 688—697.
https://doi.org/10.1006/nimg.2000.0645

Janssen, C. P., & Brumby, D. P. (2010). Strategic adaptation to performance objectives in a dual-task
setting. Cognitive Science, 34(8), 1548-1560. https://doi.org/10.1111/j.1551-
6709.2010.01124.x

Jennings, J. M., Dagenbach, D., Engle, C. M., & Funke, L. J. (2007). Age-related changes and the
attention network task: An examination of alerting, orienting, and executive function. Aging,
Neuropsychology, and Cognition, 14(4), 353—369.
https://doi.org/10.1080/13825580600788837

Jersild, A. T. (1927). Mental set and shift. Archives of Psychology, 89, 5-82.

Jhoo, J. H,, Lee, D. Y., Choo, I. H., Seo, E. H., Oh, J. S, Lee, J. S,, Lee, D. S., Kim, S. G,, Youn, J. C,, Kim,
K. W., & Woo, J. I. (2010). Discrimination of normal aging, MCl and AD with multimodal imaging
measures on the medial temporal lobe. Psychiatry Research - Neuroimaging, 183(3), 237-243.
https://doi.org/10.1016/j.pscychresns.2010.03.006

Jiang, Y., & Kanwisher, N. (2003). Common Neural Substrates for Response Selection across
Modalities and Mapping Paradigms. Journal of Cognitive Neuroscience, 15(8), 1080—-1094.
https://doi.org/10.1162/089892903322598067

Jimura, K., & Braver, T. S. (2010). Age-Related Shifts in Brain Activity Dynamics during Task Switching.
Cerebral Cortex, 20(6), 1420-1431. https://doi.org/10.1093/cercor/bhp206

Johns, E. K., Phillips, N. A., Belleville, S., Goupil, D., Babins, L., Kelner, N., Ska, B., Gilbert, B., Massoud,
F., De Boysson, C., Duncan, H. D., & Chertkow, H. (2012). The profile of executive functioning in

amnestic mild cognitive impairment: Disproportionate deficits in inhibitory control. Journal of

Page 285 of 359



the International Neuropsychological Society, 18, 541-555.
https://doi.org/10.1017/51355617712000069

Johnson, W., Logie, R. H., & Brockmole, J. R. (2010). Working memory tasks differ in factor structure
across age cohorts: Implications for dedifferentiation. Intelligence, 38(5), 513-528.
https://doi.org/10.1016/j.intell.2010.06.005

Jolly, T. A. D., Cooper, P.S., Rennie, J. L., Levi, C. R, Lenroot, R., Parsons, M. W., Michie, P. T., &
Karayanidis, F. (2017). Age-related decline in task switching is linked to both global and tract-
specific changes in white matter microstructure. Human Brain Mapping, 38(3), 1588-1603.
https://doi.org/10.1002/hbm.23473

Jones-Gotman, M., & Milner, B. (1977). Design fluency: The invention of nonsense drawings after
focal cortical lesions. Neuropsychologia, 15(4-5), 653—-674. https://doi.org/10.1016/0028-
3932(77)90070-7

Kahlaoui, K., Bacci, T., Joanette, Y., & Magnié, M. N. (2007). Pictures and words: Priming and
category effects in object processing. Current Psychology Letters: Behaviour, Brain and
Cognition, 23(3), 1-13. https://doi.org/10.4000/cpl.2882

Kane, M. J., Conway, A. R. A., Bleckley, M. K., & Engle, R. W. (2001). A controlled-attention view of
working-memory capacity. Journal of Experimental Psychology: General, 130(2), 169-183.
https://doi.org/10.1037/0096-3445.130.2.169

Kane, M. J., Conway, A. R. A., Miura, T. K., & Colflesh, G. J. H. (2007). Working Memory, Attention
Control, and the N-Back Task: A Question of Construct Validity. Journal of Experimental
Psychology: Learning Memory and Cognition, 33(3), 615—622. https://doi.org/10.1037/0278-
7393.33.3.615

Karbach, J., & Schubert, T. (2013). Training-induced cognitive and neural plasticity. Frontiers in
Human Neuroscience, 7(FEB), 2012—-2013. https://doi.org/10.3389/fnhum.2013.00048

Kaschel, R., Logie, R. H., Kazén, M., & Della Sala, S. (2009). Alzheimer’s disease, but not ageing or
depression, affects dual-tasking. Journal of Neurology, 256(11), 1860—1868.
https://doi.org/10.1007/s00415-009-5210-7

Kaufer, D. I, Cummings, J. L., Ketchel, P., Smith, V., MacMillan, A., Shelley, T., Lopez, O. ., & DeKosky,
S. T. (2000). Validation of the NPI-Q, a brief clinical form of the Neuropsychiatric Inventory. The
Journal of Neuropsychiatry and Clinical Neurosciences, 12(2), 233—239.

Kaufman, A. S., Salthouse, T. A., Scheiber, C., & Chen, H. (2016). Age Differences and Educational
Attainment Across the Life Span on Three Generations of Wechsler Adult Scales. Journal of
Psychoeducational Assessment, 34(5), 421-441. https://doi.org/10.1177/0734282915619091

Kaufmann, L., Ischebeck, A., Weiss, E., Koppelstaetter, F., Siedentopf, C., Vogel, S. E., Gotwald, T.,

Page 286 of 359



Marksteiner, J., & Wood, G. (2008). An fMRI study of the numerical Stroop task in individuals
with and without minimal cognitive impairment. Cortex, 44(9), 1248-1255.
https://doi.org/10.1016/j.cortex.2007.11.009

Kaur, M., Nagpal, S., Singh, H., & Suhalka, M. L. (2014). Effect of dual task activity on reaction time in
males and females. Indian Journal of Physiology and Pharmacology, 58(4), 389—-394.

Kawai, N., Kubo-Kawai, N., Kubo, K., Terazawa, T., & Masataka, N. (2012). Distinct aging effects for
two types of inhibition in older adults: A near-infrared spectroscopy study on the Simon task
and the flanker task. NeuroReport, 23(14), 819-824.
https://doi.org/10.1097/WNR.0b013e3283578032

Kaye, J. A., Swihart, T., Howieson, D., Dame, A., Moore, M. M., Karnos, T., Camicioli, R., Ball, M.,
Oken, B., & Sexton, G. (1997). Volume loss of the hippocampus and temporal lobe in healthy
elderly persons destined to develop dementia. Neurology, 48(5), 1297-1304.
https://doi.org/10.1212/WNL.48.5.1297

Keightley, M. L., Winocur, G., Burianova, H., Hongwanishkul, D., & Grady, C. L. (2006). Age effects on
social cognition: Faces tell a different story. Psychology and Aging, 21(3), 558-572.
https://doi.org/10.1037/0882-7974.21.3.558

Kelley, B. J., & Petersen, R. C. (2007). Alzheimer’s Disease and Mild Cognitive Impairment. In
Neurologic Clinics (Vol. 25, Issue 3, pp. 577—609). https://doi.org/10.1016/j.ncl.2007.03.008

Kessels, R. P. C., Molleman, P. W., & Oosterman, J. M. (2011). Assessment of working-memory
deficits in patients with mild cognitive impairment and Alzheimer’s dementia using Wechsler’s
Working Memory Index. Aging Clinical and Experimental Research, 23(5—6), 487—490.
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
84865277704&partnerID=40&md5=028737952bd214a233df1062a9c3669f

Kessels, R. P. C., Overbeek, A., & Bouman, Z. (2015). Assessment of verbal and visuospatial working
memory in mild cognitive impairment and Alzheimer’s dementia. Dementia &
Neuropsychologia, 9(3), 301-305. https://doi.org/10.1590/1980-57642015dn93000014

Kiehl, K. A., Liddle, P. F., & Hopfinger, J. B. (2000). Error processing and the rostral anterior cingulate:
An event-related fMRI study. Psychophysiology, 37(2), 216-223.
https://doi.org/10.1017/5S0048577200990231

Kievit, R. A., Davis, S. W., Mitchell, D. J., Taylor, J. R, Duncan, J., & Henson, R. N. A. (2014). Distinct
aspects of frontal lobe structure mediate age-related differences in fluid intelligence and
multitasking. Nature Communications, 5, 5658. https://doi.org/10.1038/ncomms6658

Kim, Carl, Thesen, T., & Woo, L. (2017). Correlations between gray-white matter contrast in

prefrontal lobe regions and cognitive set-shifting in healthy adults. Journal of Young

Page 287 of 359



Investigators, 33(4), 99-107. https://doi.org/10.22186/jyi.33.4.99-107

Kim, Chobok, Cilles, S. E., Johnson, N. F., & Gold, B. T. (2012). Domain general and domain
preferential brain regions associated with different types of task switching: A Meta-Analysis.
Human Brain Mapping, 33(1), 130-142. https://doi.org/10.1002/hbm.21199

Kim, Chobok, Johnson, N. F., Cilles, S. E., & Gold, B. T. (2011). Common and distinct mechanisms of
cognitive flexibility in prefrontal cortex. Journal of Neuroscience, 31(13), 4771-4779.
https://doi.org/10.1523/JNEUROSCI.5923-10.2011

Kim, Chobok, Johnson, N. F., & Gold, B. T. (2012). Common and distinct neural mechanisms of
attentional switching and response conflict. Brain Research, 1469, 92-102.
https://doi.org/10.1016/j.brainres.2012.06.013

Kim, J., Na, H. K., Byun, J., Shin, J., Kim, S., Lee, B. H., & Na, D. L. (2017). Tracking Cognitive Decline in
Amnestic Mild Cognitive Impairment and Early-Stage Alzheimer Dementia: Mini-Mental State
Examination versus Neuropsychological Battery. Dementia and Geriatric Cognitive Disorders,
44(1-2), 105-117. https://doi.org/10.1159/000478520

Kimberg, D. Y., Aguirre, G. K., & D’Esposito, M. (2000). Modulation of task-related neural activity in
task-switching: An fMRI study. Cognitive Brain Research, 10(1-2), 189-196.
https://doi.org/10.1016/50926-6410(00)00016-1

Kirchner, W. K. (1958). Age differences in short-term retention of rapidly changing information.
Journal of Experimental Psychology, 55(4), 352.

Kirova, A.-M., Bays, R. B., & Lagalwar, S. (2015). Working Memory and Executive Function Decline
across Normal Aging, Mild Cognitive Impairment, and Alzheimer’s Disease. BioMed Research
International, 2015(Article ID 748212), 1-9. https://doi.org/10.1155/2015/748212

Kleerekooper, I., van Rooij, S. J. H., van den Wildenberg, W. P. M., de Leeuw, M., Kahn, R. S., & Vink,
M. (2016). The effect of aging on fronto-striatal reactive and proactive inhibitory control.
Neurolmage, 132, 51-58. https://doi.org/10.1016/j.neuroimage.2016.02.031

Klingberg, T. (1998). Concurrent performance of two working memory tasks: Potential mechanisms
of interference. Cerebral Cortex, 8(7), 593—601. https://doi.org/10.1093/cercor/8.7.593

Koch, I., Gade, M., Schuch, S., & Philipp, A. M. (2010). The role of inhibition in task switching: A
review. Psychonomic Bulletin and Review, 17(1), 1-14. https://doi.org/10.3758/PBR.17.1.1

Koen, J. D., & Rugg, M. D. (2019). Neural Dedifferentiation in the Aging Brain. Trends in Cognitive
Sciences, 23(7), 547-559. https://doi.org/10.1016/].tics.2019.04.012

Koini, M., Duering, M., Gesierich, B. G., Rombouts, S. A. R. B., Ropele, S., Wagner, F., Enzinger, C., &
Schmidt, R. (2018). Grey-matter network disintegration as predictor of cognitive and motor

function with aging. Brain Structure and Function, 223(5), 2475-2487.

Page 288 of 359



https://doi.org/10.1007/s00429-018-1642-0

Kok, A. (1999). Varieties of inhibition: Manifestations in cognition, event-related potentials and
aging. Acta Psychologica, 101(2-3), 129-158. https://doi.org/10.1016/s0001-6918(99)00003-7

Kolodny, T., Mevorach, C., & Shalev, L. (2017). Isolating response inhibition in the brain: Parietal
versus frontal contribution. Cortex, 88, 173—185. https://doi.org/10.1016/j.cortex.2016.12.012

Kondo, H., Morishita, M., Osaka, N., Osaka, M., Fukuyama, H., & Shibasaki, H. (2004). Functional
roles of the cingulo-frontal network in performance on working memory. Neurolmage, 21(1),
2-14. https://doi.org/10.1016/j.neuroimage.2003.09.046

Kondo, H., Osaka, N., & Osaka, M. (2004). Cooperation of the anterior cingulate cortex and
dorsolateral prefrontal cortex for attention shifting. Neurolmage, 23(2), 670-679.
https://doi.org/10.1016/j.neuroimage.2004.06.014

Konishi, S., Nakajima, K., Uchida, I., Kameyama, M., Nakahara, K., Sekihara, K., & Miyashita, Y. (1998).
Transient activation of inferior prefrontal cortex during cognitive set shifting. Nature
Neuroscience, 1(1), 80—-84. https://doi.org/10.1038/283

Konishi, S., Nakajima, K., Uchida, I., Kikyo, H., Kameyama, M., & Miyashita, Y. (1999). Common
inhibitory mechanism in human inferior prefrontal cortex revealed by event-related functional
MRI. Brain, 122(5), 981-991. https://doi.org/10.1093/brain/122.5.981

Konishi, S., Nakajima, K., Uchida, I., Sekihara, K., & Miyashita, Y. (1998). No-go dominant brain
activity in human inferior prefrontal cortex revealed by functional magnetic resonance imaging.
European Journal of Neuroscience, 10(3), 1209-1213. https://doi.org/10.1046/j.1460-
9568.1998.00167.x

Kramer, A. F., Hahn, S., & Gopher, D. (1999). Task coordination and aging: Explorations of executive
control processes in the task switching paradigm. Acta Psychologica, 101(2-3), 339-378.
https://doi.org/10.1016/s0001-6918(99)00011-6

Kramer, J. H., Nelson, A., Johnson, J. K., Yaffe, K., Glenn, S., Rosen, H. J., & Miller, B. L. (2006).
Multiple cognitive deficits in amnestic mild cognitive impairment. Dementia and Geriatric
Cognitive Disorders, 22(4), 306—311. https://doi.org/10.1159/000095303

Kramer, J. H., Quitania, L., Dean, D., Neuhaus, J., Rosen, H. J., Halabi, C., Weiner, M. W., Magnotta, V.
A, Delis, D. C., & Miller, B. L. (2007). Magnetic resonance imaging correlates of set shifting.
Journal of the International Neuropsychological Society, 13(3), 386—392.
https://doi.org/10.1017/51355617707070567

Kray, J., Li, K. Z. H., & Lindenberger, U. (2002). Age-related changes in task-switching components:
The role of task uncertainty. Brain and Cognition, 49(3), 363—381.
https://doi.org/10.1006/brcg.2001.1505

Page 289 of 359



Kray, J., & Lindenberger, U. (2000). Adult age differences in task switching. Psychology and Aging,
15(1), 126-147. https://doi.org/10.1037/0882-7974.15.1.126

Kubat-Silman, A. K., Dagenbach, D., & Absher, J. R. (2002). Patterns of impaired verbal, spatial, and
object working memory after thalamic lesions. Brain and Cognition, 50(2), 178-193.
https://doi.org/10.1016/50278-2626(02)00502-X

Kubo-Kawai, N., & Kawai, N. (2010). Elimination of the enhanced Simon effect for older adults in a
three-choice situation: Ageing and the Simon effect in a go/no-go Simon task. Quarterly Journal
of Experimental Psychology, 63(3), 452—-464. https://doi.org/10.1080/17470210902990829

Kumada, T., & Humphreys, G. W. (2006). Dimensional weighting and task switching following frontal
lobe damage: Fractionating the task switching deficit. Cognitive Neuropsychology, 23(3), 424—
447. https://doi.org/10.1080/02643290542000058

Kumari, V., Mitterschiffthaler, M. T., & Sharma, T. (2002). Neuroimaging to predict preclinical
Alzheimer’s disease. Hospital Medicine, 63(6), 341-345.
https://doi.org/10.12968/hosp.2002.63.6.2004

La Fleur, C. G., Meyer, M. J., & Dodson, C. (2018). Exploring dedifferentiation across the adult
lifespan. Psychology and Aging, 33(5), 855—-870. https://doi.org/10.1037/pag0000274

Laakso, M. P., Soininen, H., Partanen, K., Helkala, E. L., Hartikainen, P., Vainio, P., Hallikainen, M.,
Hanninen, T., & Riekkinen, P. J. (1995). Volumes of hippocampus, amygdala and frontal lobes in
the MRI-based diagnosis of early Alzheimer’s disease: Correlation with memory functions.
Journal of Neural Transmission - Parkinson’s Disease and Dementia Section, 9(1), 73—-86.
https://doi.org/10.1007/BF02252964

Lagué-Beauvais, M., Brunet, J., Gagnon, L., Lesage, F., & Bherer, L. (2013). A fNIRS investigation of
switching and inhibition during the modified Stroop task in younger and older adults.
Neurolmage, 64(1), 485-495. https://doi.org/10.1016/j.neuroimage.2012.09.042

Lagué-Beauvais, M., Fraser, S. A., Desjardins-Crépeau, L., Castonguay, N., Desjardins, M., Lesage, F.,
& Bherer, L. (2015). Shedding light on the effect of priority instructions during dual-task
performance in younger and older adults: A fNIRS study. Brain and Cognition, 98, 1-14.
https://doi.org/10.1016/j.bandc.2015.05.001

Lagué-Beauvais, M., Gagnon, C., Castonguay, N., & Bherer, L. (2013). Individual differences effects on
the psychological refractory period. SpringerPlus, 2(368), 1-10. https://doi.org/10.1186/2193-
1801-2-368

Lamar, M., Yousem, D. M., & Resnick, S. M. (2004). Age differences in orbitofrontal activation: An
fMRI investigation of delayed match and nonmatch to sample. Neurolmage, 21(4), 1368-1376.
https://doi.org/10.1016/j.neuroimage.2003.11.018

Page 290 of 359



Lambon Ralph, M. A., Patterson, K., Graham, N., Dawson, K., & Hodges, J. R. (2003). Homogeneity
and heterogeneity in mild cognitive impairment and Alzheimer’s disease: A cross-sectional and
longitudinal study of 55 cases. Brain, 126(11), 2350-2362.
https://doi.org/10.1093/brain/awg236

LaMontagne, P. J., Benzinger, T. L., Morris, J. C., Keefe, S., Hornbeck, R., Xiong, C., Grant, E.,
Hassenstab, J., Moulder, K., Vlassenko, A. G., Raichle, M. E., Cruchaga, C., & Marcus, D. (2019).
OASIS-3: Longitudinal Neuroimaging, Clinical, and Cognitive Dataset for Normal Aging and
Alzheimer Disease. MedRxiv. https://doi.org/10.1101/2019.12.13.19014902

Langenecker, S. A., Briceno, E. M., Hamid, N. M., & Nielson, K. A. (2007). An evaluation of distinct
volumetric and functional MRI contributions toward understanding age and task performance:
A study in the basal ganglia. Brain Research, 1135(1), 58—68.
https://doi.org/10.1016/j.brainres.2006.11.068

Langenecker, S. A., & Nielson, K. A. (2003). Frontal recruitment during response inhibition in older
adults replicated with fMRI. Neurolmage, 20(2), 1384—1392. https://doi.org/10.1016/51053-
8119(03)00372-0

Langenecker, S. A., Nielson, K. A., & Rao, S. M. (2004). fMRI of healthy older adults during Stroop
interference. In Neurolmage (Vol. 21, Issue 1).
https://doi.org/10.1016/j.neuroimage.2003.08.027

Langner, R., & Eickhoff, S. B. (2013). Sustaining Attention to Simple Tasks: A Meta-Analytic Review of
the Neural Mechanisms of Vigilant Attention. Psychology Bulletin, 139(4), 870-900.
https://doi.org/https://dx.doi.org/10.1037%2Fa0030694

Larson, G. E., Merritt, C. R., & Williams, S. E. (1988). Information processing and intelligence: Some
implications of task complexity. Intelligence, 12(2), 131-147. https://doi.org/10.1016/0160-
2896(88)90012-8

Lawton, M., Powell, & Brody, E. M. (1969). Assessment of Older People: Self-Maintaining and
Instrumental Activities of Daily Living. In Journal of the American Medical Association (Vol. 139,
Issue 7, pp. 179-186). https://doi.org/10.1001/jama.1949.02900240052023

Lee, B. C. P., Mintun, M., Buckner, R. L., Morris, J. C., & Bcp, L. (2003). Views and Reviews Imaging of
Alzheimer’s Disease. Journal of Neuroimaging J Neuroimaging, 1313(3), 199-214.
https://doi.org/10.1177/1051228403254657

Lee, M. S, Lee, S. H., Moon, E. O., Moon, Y. J.,, Kim, S., Kim, S. H., & Jung, |. K. (2013).
Neuropsychological correlates of the P300 in patients with Alzheimer’s disease. Progress in
Neuro-Psychopharmacology and Biological Psychiatry, 40(1), 62—69.
https://doi.org/10.1016/j.pnpbp.2012.08.009

Page 291 of 359



Lehto, J. (1996). Are Executive Function Tests Dependent on Working Memory Capacity? Quarterly
Journal of Experimental Psychology Section A: Human Experimental Psychology, 49(1), 29-50.
https://doi.org/10.1080/713755616

Lemaitre, H., Goldman, A. L., Sambataro, F., Verchinski, B. A., Meyer-Lindenberg, A., Weinberger, D.
R., & Mattay, V. S. (2012). Normal age-related brain morphometric changes: Nonuniformity
across cortical thickness, surface area and gray matter volume? Neurobiology of Aging, 33(3).
https://doi.org/10.1016/j.neurobiolaging.2010.07.013

Lemire-Rodger, S., Lam, J., Viviano, J. D., Stevens, W. D., Spreng, R. N., & Turner, G. R. (2019). Inhibit,
switch, and update: A within-subject fMRI investigation of executive control. Neuropsychologia,
132(July), 107134. https://doi.org/10.1016/j.neuropsychologia.2019.107134

Leung, H. C., Oh, H,, Ferri, J., & Yi, Y. (2007). Load response functions in the human spatial working
memory circuit during location memory updating. Neurolmage, 35(1), 368—-377.
https://doi.org/10.1016/j.neuroimage.2006.12.012

Levy, B. J., & Wagner, A. D. (2011). Cognitive control and right ventrolateral prefrontal cortex:
Reflexive reorienting, motor inhibition, and action updating. Annals of the New York Academy
of Sciences, 1224(1), 40-62. https://doi.org/10.1111/j.1749-6632.2011.05958.x

Leyhe, T., Miiller, S., Milian, M., Eschweiler, G. W., & Saur, R. (2009). Impairment of episodic and
semantic autobiographical memory in patients with mild cognitive impairment and early
Alzheimer’s disease. Neuropsychologia, 47(12), 2464—2469.
https://doi.org/10.1016/j.neuropsychologia.2009.04.018

Lezak, M. D. (1982). The Problem of Assessing Executive Functions. International Journal of
Psychology, 17(1-4), 281-297. https://doi.org/10.1080/00207598208247445

Lezak, M. D., Howieson, D., Bigler, E. D., & Tranel, D. (2012). Neuropsychological Assessment (5th
ed.). Oxford University Press.

Li, B. Y., Tang, H. D., & Chen, S. Di. (2016). Retrieval deficiency in brain activity of working memory in
amnesic mild cognitive impairment patients: A Brain Event-Related Potentials Study. Frontiers
in Aging Neuroscience, 8(MAR), 1-10. https://doi.org/10.3389/fnagi.2016.00054

Li, C., Zheng, J., Wang, J., & Gui, L. (2011). Comparison between Alzheimer’s disease and subcortical
vascular dementia: Attentional cortex study in functional magnetic resonance imaging. Journal
of International Medical Research, 39(4), 1413-1419.
https://doi.org/10.1177/147323001103900428

Li, C., Zheng, J., Wang, J., Gui, L., & Li, C. (2009). An fMRI Stroop Task Study of Prefrontal Cortical
Function in Normal Aging, Mild Cognitive Impairment, and Alzheimers Disease. Current

Alzheimer Research, 6(6), 525-530. https://doi.org/10.2174/156720509790147142

Page 292 of 359



Li, J. P., Pan, P. L., Huang, R., & Shang, H. F. (2012). A meta-analysis of voxel-based morphometry
studies of white matter volume alterations in Alzheimer’s disease. Neuroscience and
Biobehavioral Reviews, 36(2), 757-763. https://doi.org/10.1016/j.neubiorev.2011.12.001

Li, K. Z. H., Vadaga, K. K., Bruce, H., & Lai, L. (2019). Executive Function Development in Aging.
Executive Function, July 2017, 59-72. https://doi.org/10.4324/9781315160719-5

Liao, W., Zhang, X., Shu, H., Wang, Z., Liu, D., & Zhang, Z. J. (2017). The characteristic of cognitive
dysfunction in remitted late life depression and amnestic mild cognitive impairment. Psychiatry
Research, 251, 168-175. https://doi.org/10.1016/j.psychres.2017.01.024

Liebherr, M., Schubert, P., Schiebener, J., Kersten, S., & Haas, C. T. (2016). Dual-tasking and aging—
About multiple perspectives and possible implementations in interventions for the elderly.
Cogent Psychology, 3(1), 1-14. https://doi.org/10.1080/23311908.2016.1261440

Lim, Y. Y., Maruff, P., Pietrzak, R. H., Ellis, K. A., Darby, D., Ames, D., Harrington, K., Martins, R. N.,
Masters, C. L., Szoeke, C., Savage, G., Villemagne, V. L., & Rowe, C. C. (2014). AB and cognitive
change: Examining the preclinical and prodromal stages of Alzheimer’s disease. Alzheimer’s and
Dementia, 10(6), 743—751. https://doi.org/10.1016/j.jalz.2013.11.005

Lim, Y. Y., Villemagne, V. L., Pietrzak, R. H., Ames, D., Ellis, K. A., Harrington, K., Snyder, P. J., Martins,
R. N., Masters, C. L., Rowe, C. C., & Maruff, P. (2015). APOE €4 moderates amyloid-related
memory decline in preclinical Alzheimer’s disease. Neurobiology of Aging, 36(3), 1239-1244.
https://doi.org/10.1016/j.neurobiolaging.2014.12.008

Linden, Martial Van der, Bredart, S., & Beerten, A. (1994). Age-related differences in updating
working memory. British Journal of Psychology, 85, 145—-152.

Liu, H., Yang, Y., Xia, Y., Zhu, W., Leak, R. K., Wei, Z., Wang, J., & Hu, X. (2017). Aging of Cerebral
White Matter. Ageing Res Rev, 34, 64—76. https://doi.org/10.1016/j.arr.2016.11.006.Aging

Loewenstein, D. A., Acevedo, A., Agron, J., Issacson, R., Strauman, S., Crocco, E., Barker, W. W., &
Duara, R. (2006). Cognitive profiles in Alzheimer’s disease and in mild cognitive impairment of
different etiologies. Dementia and Geriatric Cognitive Disorders, 21(5—6), 309—-315.
https://doi.org/10.1159/000091522

Loftus, A. M. (2017). Risk factors for mild cognitive impairment (MCI). In Brain Sciences (Vol. 7, Issue
9). https://doi.org/10.3390/brainsci7090117

Logan, G. D. (1988). Toward an instance theory of automatization. Psychological Review, 95(4), 492—
527. https://doi.org/10.1037//0033-295x.95.4.492

Logan, G. D., Cowan, W. B., & Davis, K. A. (1984). On the ability to inhibit simple and choice reaction
time responses: A model and a method. Journal of Experimental Psychology: Human Perception

and Performance, 10(2), 276-291. https://doi.org/10.1037/0096-1523.10.2.276

Page 293 of 359



Logan, G. D., Van Zandt, T., Verbruggen, F., & Wagenmakers, E. J. (2014). On the ability to inhibit
thought and action: General and special theories of an act of control. Psychological Review,
121(1), 66-95. https://doi.org/10.1037/a0035230

Logie, R. H., Cocchini, G., Della Sala, S., & Baddeley, A. D. (2004). Is there a specific executive capacity
for dual task coordination? Evidence from Alzheimer’s disease. Neuropsychology, 18(3), 504—
513. https://doi.org/10.1037/0894-4105.18.3.504

Logie, R. H., & Maylor, E. A. (2009). An Internet Study of Prospective Memory Across Adulthood.
Psychology and Aging, 24(3), 767-774. https://doi.org/10.1037/a0015479

Logue, S. F., & Gould, T. J. (2014). The neural and genetic basis of executive function: Attention,
cognitive flexibility, and response inhibition. Pharmacology Biochemistry and Behavior, 123,
45-54. https://doi.org/10.1016/].pbb.2013.08.007

Lonie, J. A, Tierney, K. M., Herrmann, L. L., Donaghey, C., O’Carroll, R. E., Lee, A., & Ebmeier, K. P.
(2009). Dual task performance in early Alzheimer’s disease, amnestic mild cognitive impairment
and depression. Psychological Medicine, 39(1), 23—-31.
https://doi.org/10.1017/50033291708003346

Lopez, O. L., Becker, J. T., Jagust, W. J., Fitzpatrick, A., Carlson, M. C., DeKosky, S. T., Breitner, J.,
Lyketsos, C. G., Jones, B., Kawas, C., & Kuller, L. H. (2006). Neuropsychological characteristics of
mild cognitive impairment subgroups. Journal of Neurology, Neurosurgery and Psychiatry,
77(2), 159-165. https://doi.org/10.1136/jnnp.2004.045567

Lovdén, M., Fratiglioni, L., Glymour, M. M., Lindenberger, U., & Tucker-Drob, E. M. (2020). Education
and Cognitive Functioning Across the Life Span. Psychological Science in the Public Interest,
21(1), 6-41. https://doi.org/10.1177/1529100620920576

Luks, T. L., Oliveira, M., Possin, K. L., Bird, A., Miller, B. L., Weiner, M. W., & Kramer, J. H. (2010).
Atrophy in two attention networks is associated with performance on a Flanker task in
neurodegenerative disease. Neuropsychologia, 48(1), 165—-170.
https://doi.org/10.1016/j.neuropsychologia.2009.09.001

Luo, C,, Li, M., Qin, R., Chen, H., Yang, D., Huang, L., Liu, R., Xu, Y., Bai, F., & Zhao, H. (2020). White
Matter Microstructural Damage as an Early Sign of Subjective Cognitive Decline. Frontiers in
Aging Neuroscience, 11(January), 1-11. https://doi.org/10.3389/fnagi.2019.00378

Lupker, S. J. (1979). The semantic nature of response competition in the picture-word interference
task. Memory & Cognition, 7(6), 485—495. https://doi.org/10.3758/BF03198265

Lustig, C., Hasher, L., & Zacks, R. (2007). Inhibitory deficit theory: Recent developments in a “new
view.” Inhibition in Cognition., 145-162. https://doi.org/10.1037/11587-008

Lynch, J. C., Mountcastle, V. B., Talbot, W. H., & Yin, T. C. T. (1977). Parietal lobe mechanisms for

Page 294 of 359



directed visual attention. Journal of Neurophysiology, 40(2), 362—389.
https://doi.org/10.1152/jn.1977.40.2.362

MacCallum, R. C., & Austin, J. T. (2000). Applications of structural equation modeling in psychological
research. Annual Review of Psychology, 51, 201-226.
https://doi.org/10.1146/annurev.psych.51.1.201

MacPherson, S. E., Cox, S. R., Dickie, D. A., Karama, S., Starr, J. M., Evans, A. C., Bastin, M. E.,
Wardlaw, J. M., & Deary, |. J. (2017). Processing speed and the relationship between Trail
Making Test-B performance, cortical thinning and white matter microstructure in older adults.
Cortex, 95, 92—103. https://doi.org/10.1016/j.cortex.2017.07.021

MacPherson, S. E., Della Sala, S., & Logie, R. H. (2004). Dual-task interference of encoding and
retrieval processes in healthy and impaired working memory. Cortex; a Journal Devoted to the
Study of the Nervous System and Behavior, 40(1), 183—184. https://doi.org/10.1016/S0010-
9452(08)70943-2

MacPherson, S. E., Della Sala, S., Logie, R. H., & Wilcock, G. K. (2007). Specific AD impairments in
concurrent performance of two memory tasks. Cortex, 43(7), 858—865.
https://doi.org/10.1016/50010-9452(08)70685-3

MacPherson, S. E., Gillebert, C. R., Robinson, G. A., & Vallesi, A. (2019). Editorial: Intra- and inter-
individual variability of executive functions: Determinant and modulating factors in healthy and
pathological conditions. Frontiers in Psychology, 10(MAR), 1-7.
https://doi.org/10.3389/fpsyg.2019.00432

Macpherson, S. E., Parra, M. A., Moreno, S., Lopera, F., & Della Sala, S. (2015). Dual memory task
impairment in E280A presenilin-1 mutation carriers. Journal of Alzheimer’s Disease, 44(2), 481—
492. https://doi.org/10.3233/JAD-140990

MacPherson, S. E., Phillips, L. H., & Della Sala, S. (2002). Age, executive function, and social decision
making: a dorsolateral prefrontal theory of cognitive aging. Psychology of Aging, 17(4), 598—
609. https://doi.org/10.1037//0882-7974.17.4.598

Madden, D. J., Costello, M. C., Dennis, N. A., Davis, S. W., Shepler, A. M., Spaniol, J., Bucur, B., &
Cabeza, R. (2010). Adult age differences in functional connectivity during executive control.
Neurolmage, 52(2), 643—657. https://doi.org/10.1016/j.neuroimage.2010.04.249

Maillet, D., & Rajah, M. N. (2013). Association between prefrontal activity and volume change in
prefrontal and medial temporal lobes in aging and dementia: A review. Ageing Research
Reviews, 12(2), 479-489. https://doi.org/10.1016/j.arr.2012.11.001

Makizako, H., Doi, T., Shimada, H., Yoshida, D., Takayama, Y., & Suzuki, T. (2013). Relationship

between dual-task performance and neurocognitive measures in older adults with mild

Page 295 of 359



cognitive impairment. Geriatrics & Gerontology International, 13(2), 314-321.
https://doi.org/10.1111/j.1447-0594.2012.00898.x

Mandzia, J. L., McAndrews, M. P., Grady, C., Graham, S. J., & Black, S. E. (2009). Neural correlates of
incidental memory in mild cognitive impairment: An fMRI study. Neurobiology of Aging, 30(5),
717-730. https://doi.org/10.1016/j.neurobiolaging.2007.08.024

Mantyla, T. (2013). Gender Differences in Multitasking Reflect Spatial Ability. Psychological Science,
24(4), 514-520. https://doi.org/10.1177/0956797612459660

Magquestiaux, F. (2016). Qualitative attentional changes with age in doing two tasks at once.
Psychonomic Bulletin and Review, 23(1), 54—61. https://doi.org/10.3758/s13423-015-0881-9

Magquestiaux, F., Lagué-Beauvais, M., Ruthruff, E., Hartley, A., & Bherer, L. (2010). Learning to Bypass
the Central Bottleneck: Declining Automaticity With Advancing Age. Psychology and Aging,
25(1), 177-192. https://doi.org/10.1037/a0017122

Marek, S., & Dosenbach, N. U. F. (2018). The frontoparietal network: function, electrophysiology,
and importance of individual precision mapping. Dialogues in Clinical Neuroscience, 20, 133—
140. https://doi.org/10.1111/clr.12458 103

Marsico, M., Jager, C. A. de, Grant, A., Zhu, X., Markwick, A., & Chandler, J. (2014). Cognitive and
Functional Profiles in Mild-to-Moderate Alzheimer’s Disease and Mild Cognitive Impairment
Compared to Healthy Elderly. Advances in Alzheimer’s Disease, 3(4), 168—186.
https://doi.org/10.4236/aad.2014.34016

Martyr, A., Boycheva, E., & Kudlicka, A. (2017). Assessing inhibitory control in early-stage Alzheimer’s
and Parkinson’s disease using the Hayling Sentence Completion Test. Journal of
Neuropsychology, 1-15. https://doi.org/10.1111/jnp.12129

Massaldjieva, R. I. (2018). Differentiating Normal Cognitive Aging from Cognitive Impairment No
Dementia: A Focus on Constructive and Visuospatial Abilities. In Gerontology. InTech.
https://doi.org/10.5772/intechopen.73385

Matias-Guiu, J. A., Cabrera-martin, M. N., Valles-salgado, M., Rognoni, T., & Galan, L. (2018).
Inhibition impairment in frontotemporal dementia, amyotrophic lateral sclerosis, and
Alzheimer’ s disease: clinical assessment and metabolic correlates. Brain Imaging and Behavior,
13, 651-659. https://doi.org/10.1007/s11682-018-9891-3

Mattis, S. (1976). Mental status examination for organic mental syndrome in the elderly patient. In L.
Bellack & T. B. Karusu (Eds.), Geriatric Psychiatry (pp. 77-121). Grune & Stratton.

Mayas, J., Fuentes, L. J., & Ballesteros, S. (2012). Stroop interference and negative priming (NP)
suppression in normal aging. Archives of Gerontology and Geriatrics, 54(2), 333—338.

https://doi.org/10.1016/j.archger.2010.12.012

Page 296 of 359



Mayr, U. (2001). Age Differences in the Selection of Mental Sets: The Role of Inhibition, Stimulus
Ambiguity, and Response-Set Overlap. Psychology and Aging, 16(1), 96—109.

McAlister, C., & Schmitter-Edgecombe, M. (2016). Executive function subcomponents and their
relations to everyday functioning in healthy older adults. Journal of Clinical and Experimental
Neuropsychology, 38(8), 925—940. https://doi.org/10.1080/13803395.2016.1177490

McCabe, D. P., Robertson, C. L., & Smith, A. D. (2005). Age differences in stroop interference in
working memory. Journal of Clinical and Experimental Neuropsychology, 27(5), 633—644.
https://doi.org/10.1080/13803390490919218

McCabe, J., & Hartman, M. (2003). Examining the locus of age effects on complex span tasks.
Psychology and Aging, 18(3), 562—572. https://doi.org/10.1037/0882-7974.18.3.562

McCabe, J., & Hartman, M. (2008). Working memory for item and temporal information in younger
and older adults. Aging, Neuropsychology, and Cognition, 15(5), 574—600.
https://doi.org/10.1080/13825580801956217

McCarthy, G., Blamire, A. M., Puce, A., Nobre, A. C,, Bloch, G., Hyder, F., Goldman-Rakic, P., &
Shulman, R. G. (1994). Functional magnetic resonance imaging of human prefrontal cortex
activation during a spatial working memory task. Proceedings of the National Academy of
Sciences of the United States of America, 91(18), 8690—-8694.
https://doi.org/10.1073/pnas.91.18.8690

McCarthy, G., Puce, A., Constable, R. T., Krystal, J. H., Gore, J. C., & Goldman-Rakic, P. (1996).
Activation of human prefrontal cortex during spatial and nonspatial working memory tasks
measured by functional MRI. Cerebral Cortex, 6(4), 600—611.
https://doi.org/10.1093/cercor/6.4.600

McDonald, C. R., Bauer, R. M., Filoteo, J. V., Grande, L., Roper, S. N., & Gilmore, R. (2005). Attentional
inhibition in patients with focal frontal lobe lesions. Journal of Clinical and Experimental
Neuropsychology, 27(4), 485-503. https://doi.org/10.1080/13803390490520454

McDowd, J. M., & Craik, F. I. M. (1988). Effects of Aging and Task Difficulty on Divided Attention
Performance. Journal of Experimental Psychology: Human Perception and Performance, 14(2),
267-280. https://doi.org/10.1037/0096-1523.14.2.267

McDowell, S., Whyte, J., & D’Esposito, M. (1997). Working memory impairments in traumatic brain
injury: Evidence from a dual-task paradigm. Neuropsychologia, 35(10), 1341-1353.
https://doi.org/10.1016/50028-3932(97)00082-1

McGuinness, B., Barrett, S. L., Craig, D., & Lawson, J. (2010). Attention Deficits in Alzheimer’ s
Disease and Vascular Dementia. Journal of Neurology, Neurosurgery and Psychiatry, 81(2),

157-159. https://doi.org/10.1136/jnnp.2008.164483

Page 297 of 359



McKoon, G., & Ratcliff, R. (2012). Aging and 1Q effects on associative recognition and priming in item
recognition. Journal of Memory and Language, 66(3), 416—437.
https://doi.org/10.1016/j.jml.2011.12.001.Aging

McNab, F., Zeidman, P., Rutledge, R. B., Smittenaar, P., Brown, H. R., Adams, R. A., & Dolan, R. J.
(2015). Age-related changes in working memory and the ability to ignore distraction.
Proceedings of the National Academy of Sciences, 112(20), 6515-6518.
https://doi.org/10.1073/pnas.1504162112

Meiran, N., & Gotler, A. (2001). Modelling cognitive control in task switching and ageing. European
Journal of Cognitive Psychology, 13(1-2), 165—-186.
https://doi.org/10.1080/09541440042000269

Meiran, N., Gotler, A., & Perlman, A. (2001). Old age is associated with a pattern of relatively intact
and relatively impaired task-set switching abilities. Journals of Gerontology - Series B
Psychological Sciences and Social Sciences, 56(2), 88—102.
https://doi.org/10.1093/geronb/56.2.P88

Meng, X., & D’Arcy, C. (2012). Education and dementia in the context of the cognitive reserve
hypothesis: A systematic review with meta-analyses and qualitative analyses. PLoS ONE, 7(6).
https://doi.org/10.1371/journal.pone.0038268

Mezzacappa, E. (2011). Executive Function. In Encyclopedia of Adolescence (Vol. 1, Issue April).
Elsevier Inc. https://doi.org/10.1016/B978-0-12-373951-3.00016-8

Mielicki, M. K., Koppel, R. H., Valencia, G., & Wiley, J. (2018). Measuring working memory capacity
with the letter-number sequencing task: advantages of visual administration. Applied Cognitive
Psychology, 32(6), 805—-814. https://doi.org/10.1017/CB09781107415324.004

Mielke, R., & Kessler, J. (2006). From Normal to Pathological Ageing - The Spectrum of Mild Cognitive
Impairment and Alzheimer’s Disease. European Neurological Review, 2, 74.
https://doi.org/10.17925/enr.2006.00.02.74

Migliaccio, R., Agosta, F., Possin, K. L., Rabinovici, G. D., Miller, B. L., & Gorno-Tempini, M. L. (2012).
White matter atrophy in Alzheimer’s disease variants. Alzheimer’s and Dementia, 8(SUPPL. 5),
1-17. https://doi.org/10.1016/j.jalz.2012.04.010

Migo, E. M., Mitterschiffthaler, M., Odaly, O., Dawson, G. R., Dourish, C. T., Craig, K. J., Simmons, A,,
Wilcock, G. K., McCulloch, E., Jackson, S. H. D., Kopelman, M. D., Williams, S. C. R., & Morris, R.
G. (2015). Alterations in working memory networks in amnestic mild cognitive impairment.
Aging, Neuropsychology, and Cognition, 22(1), 106—127.
https://doi.org/10.1080/13825585.2014.894958

Milham, M. P., Erickson, K. I., Banich, M. T., Kramer, A. F., Webb, A., Wszalek, T., & Cohen, N. J.

Page 298 of 359



(2002). Attentional control in the aging brain: Insights from an fMRI study of the stroop task.
Brain and Cognition, 49(3), 277-296. https://doi.org/10.1006/brcg.2001.1501

Miller, A. K. H., & Corsellis, J. A. N. (1977). Evidence for a secular increase in human brain weight
during the past century. Annals of Human Biology, 4(3), 253-257.

Mischel, W., Ebbesen, E. B., & Raskoff Zeiss, A. (1972). Cognitive and attentional mechanisms in
delay of gratification. Journal of Personality and Social Psychology, 21(2), 204—218.
https://doi.org/10.1080/03626784.2017.1409593

Missonnier, P., Herrmann, F. R., Rodriguez, C., Deiber, M. P., Millet, P., Fazio-Costa, L., Gold, G., &
Giannakopoulos, P. (2011). Age-related differences on event-related potentials and brain
rhythm oscillations during working memory activation. Journal of Neural Transmission, 118(6),
945-955. https://doi.org/10.1007/s00702-011-0600-2

Miyake, A., Emerson, M. J., & Friedman, N. P. (2000). Assessment of Executive Functions in Clinical
Settings: Problems and Recommendations. Seminars in Speech and Language, 21(2), 551-569.
https://doi.org/10.1016/B978-0-12-803676-1.00022-2

Miyake, A., & Friedman, N. P. (2012). The nature and organization of individual differences in
executive functions: Four general conclusions. Current Directions in Psychological Science,
21(1), 8-14. https://doi.org/10.1177/0963721411429458

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. (2000). The
Unity and Diversity of Executive Functions and Their Contributions to Complex “Frontal Lobe”
Tasks: A Latent Variable Analysis. Cognitive Psychology, 41(1), 49-100.
https://doi.org/10.1006/cogp.1999.0734

Mokhber, N., Avan, A., Delbari, A., Shojaeianbabaei, G., Azarpazhooh, M. R., & Chaimowitz, G.
(2019). Cronicon EC NEUROLOGY Mini Review Ageing and Cognitive Function: A Mini-Review.
EC Neurology, 11(7), 475-480.

Monsell, S. (2003). Task switching. Trends in Cognitive Sciences, 7(3), 134-140.
https://doi.org/10.1016/51364-6613(03)00028-7

Monsell, S., & Mizon, G. A. (2006). Can the task-cuing paradigm measure an endogenous task-set
reconfiguration process? Journal of Experimental Psychology: Human Perception and
Performance, 32(3), 493-516. https://doi.org/10.1037/0096-1523.32.3.493

Moretti, L., Semenza, C., & Vallesi, A. (2018). General slowing and education mediate task switching
performance across the life-span. Frontiers in Psychology, 9(MAY), 1-12.
https://doi.org/10.3389/fpsyg.2018.00630

Morris, N., & Jones, D. M. (1990). Memory updating in working memory: The role of the central
executive. British Journal of Psychology, 81, 111-121. https://doi.org/10.1421/34848

Page 299 of 359



Morrone, ., Declercq, C., Novella, J. L., & Besche, C. (2010). Aging and inhibition processes: The case
of metaphor treatment. Psychology and Aging, 25(3), 697—-701.
https://doi.org/10.1037/a0019578

Mortamais, M., Ash, J. A., Harrison, J., Kaye, J., Kramer, J., Randolph, C., Pose, C., Albala, B., Ropacki,
M., Ritchie, C. W., & Ritchie, K. (2017). Detecting cognitive changes in preclinical Alzheimer’s
disease: A review of its feasibility. Alzheimer’s and Dementia, 13(4), 468—492.
https://doi.org/10.1016/j.jalz.2016.06.2365

Mostofsky, S. H., & Simmonds, D. J. (2008). Response inhibition and response selection: Two sides of
the same coin. Journal of Cognitive Neuroscience, 20(5), 751-761.
https://doi.org/10.1162/jocn.2008.20500

Mowszowski, L., Lampit, A., Walton, C. C., & Naismith, S. L. (2016). Strategy-Based Cognitive Training
for Improving Executive Functions in Older Adults: a Systematic Review. In Neuropsychology
Review (Vol. 26, Issue 3, pp. 252-270). https://doi.org/10.1007/s11065-016-9329-x

Muangpaisan, W., Intalapaporn, S., & Assantachai, P. (2010). Digit Span and Verbal Fluency tests in
patients with Mild Cognitive Impairment and Normal Subjects in Thai-community. Journal of
the Medical Association of Thailand, 93(2), 224-230.

Mudar, R. A, Chiang, H. S., Eroh, J., Nguyen, L. T., Maguire, M. J., Spence, J. S., Kung, F., Kraut, M. A,,
& Hart, J. (2016). The effects of amnestic mild cognitive impairment on Go/NoGo semantic
categorization task performance and event-related potentials. Journal of Alzheimer’s Disease,
50(2), 577-590. https://doi.org/10.3233/JAD-150586

Mufson, E. J., Binder, L., Counts, S. E., Dekosky, S. T., Detoledo-Morrell, L., Ginsberg, S. D.,
Ikonomovic, M. D., Perez, S. E., & Scheff, S. W. (2012). Mild cognitive impairment: Pathology
and mechanisms. Acta Neuropathologica, 123(1), 13-30. https://doi.org/10.1007/s00401-011-
0884-1

Muhle-Karbe, P. S., De Baene, W., & Brass, M. (2014). Do tasks matter in task switching? Dissociating
domain-general from context-specific brain activity. Neurolmage, 99, 332—-341.
https://doi.org/10.1016/j.neuroimage.2014.05.058

Mukhopadhyay, Pritha, Aparna Dutt, Das, S. K., Basu, A., Hazra, A., Dhibar, T., & Roy, T. (2007).
Identification of neuroanatomical substrates of set-shifting ability: evidence from patients with
focal brain lesions. Progress in Brain Research, 168, 95—-104.

Miller, L. D., Guhn, A,, Zeller, J. B. M., Biehl, S. C., Dresler, T., Hahn, T., Fallgatter, A. J., Polak, T.,
Deckert, J., & Herrmann, M. J. (2014). Neural correlates of a standardized version of the trail
making test in young and elderly adults: A functional near-infrared spectroscopy study.

Neuropsychologia, 56(1), 271-279. https://doi.org/10.1016/j.neuropsychologia.2014.01.019

Page 300 of 359



Miller, N. G., Machado, L., & Knight, R. T. (2002). Contributions of subregions of the prefrontal
cortex to working memory: Evidence from brain lesions in humans. Journal of Cognitive
Neuroscience, 14(5), 673—686. https://doi.org/10.1162/08989290260138582

Murty, V. P., Sambataro, F., Radulescu, E., Altamura, M., ludicello, J., Zoltick, B., Weinberger, D. R.,
Goldberg, T. E., & Mattay, V. S. (2011). Selective updating of working memory content
modulates meso-cortico-striatal activity. Neurolmage, 57(3), 1264-1272.
https://doi.org/10.1016/j.neuroimage.2011.05.006

Myerson, J., Adams, D. R., & Hale, S. (2003). Analysis of group differences in processing speed:
Brinley plots, Q—Q plots, and other conspiracies. Psychonomic Bulletin & Review, 10(1), 224—
237.

Nagahama, Y., Okina, T., Suzuki, N., Matsuzaki, S., Yamauchi, H., Nabatame, H., & Matsuda, M.
(2003). Factor structure of a modified version of the Wisconsin Card Sorting Test: an analysis of
executive deficit in Alzheimer’s disease and mild cognitive impairment. Dementia and Geriatric
Cognitive Disorders, 16, 103—112.

Nagel, I. E., Preuschhof, C,, Li, S. C., Nyberg, L., Bickman, L., Lindenberger, U., & Heekeren, H. R.
(2011). Load modulation of BOLD response and connectivity predicts working memory
performance in younger and older adults. Journal of Cognitive Neuroscience, 23(8), 2030—2045.
https://doi.org/10.1162/jocn.2010.21560

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, I., Cummings, J.
L., & Chertkow, H. (2005). The Montreal Cognitive Assessment, MoCA: a brief screening tool for
mild cognitive impairment. Journal of the American Geriatrics Society, 53(4), 695-699.

National Health Service. (2021). Alzheimer’s disease. https://www.nhs.uk/conditions/alzheimers-
disease/

Naveh-Benjamin, M., Craik, F. |. M., Guez, J., & Kreuger, S. (2005). Divided Attention in Younger and
Older Adults: Effects of Strategy and Relatedness on Memory Performance and Secondary Task
Costs. Journal of Experimental Psychology: Learning, Memory, and Cognition, 31(3), 520-537.
https://doi.org/10.1037/0278-7393.31.3.520

Naveh-Benjamin, M., Hussain, Z., Guez, J., & Bar-On, M. (2003). Adult Age Differences in Episodic
Memory: Further Support for an Associative-Deficit Hypothesis. Journal of Experimental
Psychology: Learning Memory and Cognition, 29(5), 826—837. https://doi.org/10.1037/0278-
7393.29.5.826

Nelson, H. E. (1976). A modified card sorting test sensitive to frontal lobe defects. Cortex, 12(4), 313—
324.

Nelson, H. E. (1982). THE NATIONAL ADULT READING TEST (NART) Part I: The Original Study NART

Page 301 of 359



and WAIS (1982).

Nestor, P. J., Fryer, T. D., Smielewski, P., & Hodges, J. R. (2003). Limbic hypometabolism in
Alzheimer’s disease and mild cognitive impairment. Annals of Neurology, 54(3), 343—351.
https://doi.org/10.1002/ana.10669

Newman, J. P., & Kosson, D. S. (1986). Passive Avoidance Learning in Psychopathic and
Nonpsychopathic Offenders. Journal of Abnormal Psychology, 95(3), 252—256.
https://doi.org/10.1037/0021-843X.95.3.252

NIA. (2020). Alzheimer’s Disease & Related Dementias. National Institute on Aging.
https://www.nia.nih.gov/health/alzheimers

Nielson, K. A., Langenecker, S. A., & Garavan, H. (2002). Differences in the functional neuroanatomy
of inhibitory control across the adult life span. Psychology and Aging, 17(1), 56-71.
https://doi.org/10.1037/0882-7974.17.1.56

Nielson, K. A., Langenecker, S. A,, Ross, T. J., Garavan, H., Rao, S. M., & Stein, E. A. (2004).
Comparability of functional MRI response in young and old during inhibition. NeuroReport,
15(1), 129-133. https://doi.org/10.1097/00001756-200401190-00025

Nir-Cohen, G., Kessler, Y., & Egner, T. (2019). Neural substrates of working memory updating.
BioRxiv, May. https://doi.org/10.1101/853630

Nissim, N. R., O’Shea, A. M., Bryant, V., Porges, E. C., Cohen, R., & Woods, A. J. (2017). Frontal
structural neural correlates of working memory performance in older adults. Frontiers in Aging
Neuroscience, 8(JAN). https://doi.org/10.3389/fnagi.2016.00328

Niu, H., Alvarez-Alvarez, I., Guillén-Grima, F., & Aguinaga-Ontoso, . (2017). Prevalence and incidence
of Alzheimer’s disease in Europe: A meta-analysis. Neurologia (English Edition), 32(8), 523-532.
https://doi.org/10.1016/j.nrleng.2016.02.009

Nordlund, A., Rolstad, S., Hellstrém, P., Sjégren, M., Hansen, S., & Wallin, A. (2005). The Goteborg
MCI study: Mild cognitive impairment is a heterogeneous condition. Journal of Neurology,
Neurosurgery and Psychiatry, 76(11), 1485—-1490. https://doi.org/10.1136/jnnp.2004.050385

Norman, D. A., & Shallice, T. (1986). Attention to action. In Consciousness and self-regulation (Vol.
30, Issue 4, pp. 1-18). Springer. https://doi.org/10.1007/978-1-4757-0629-1

Nozari, N., Mirman, D., & Thompson-Schill, S. L. (2016). The ventrolateral prefrontal cortex facilitates
processing of sentential context to locate referents. Brain and Language, 157158, 1-13.
https://doi.org/10.1016/j.band|.2016.04.006

Nozari, N., & Thompson-Schill, S. L. (2015). Left Ventrolateral Prefrontal Cortex in Processing of
Words and Sentences. Neurobiology of Language, 569-584. https://doi.org/10.1016/B978-0-
12-407794-2.00046-8

Page 302 of 359



Nyberg, L., & Eriksson, J. (2016). Working memory: Maintenance, updating, and the realization of
intentions. Cold Spring Harbor Perspectives in Biology, 8(2).
https://doi.org/10.1101/cshperspect.a021816

Nyberg, L., Lovdén, M., Riklund, K., Lindenberger, U., & Backman, L. (2012). Memory aging and brain
maintenance. Trends in Cognitive Sciences, 16(5), 292—305.
https://doi.org/10.1016/j.tics.2012.04.005

O’Shea, A., Cohen, R. A,, Porges, E. C., Nissim, N. R., & Woods, A. J. (2016). Cognitive aging and the
hippocampus in older adults. Frontiers in Aging Neuroscience, 8(DEC).
https://doi.org/10.3389/fnagi.2016.00298

Oh, H., Steffener, J., Razlighi, Q. R., Habeck, C., & Stern, Y. (2016). B-Amyloid Deposition Is Associated
With Decreased Right Prefrontal Activation During Task Switching Among Cognitively Normal
Elderly. Journal of Neuroscience, 36(6), 1962—1970. https://doi.org/10.1523/INEUROSCI.3266-
15.2016

Old, S. R., & Naveh-Benjamin, M. (2008). Differential Effects of Age on Item and Associative
Measures of Memory: A Meta-Analysis. Psychology and Aging, 23(1), 104-118.
https://doi.org/10.1037/0882-7974.23.1.104

Oosterman, J. M., Vogels, R. L. C., Van Harten, B., Gouw, A. A., Poggesi, A., Scheltens, P., Kessels, R. P.
C., & Scherder, E. J. A. (2010). Assessing mental flexibility: Neuroanatomical and
neuropsychological correlates of the trail making test in elderly people. Clinical
Neuropsychologist, 24(2), 203-219. https://doi.org/10.1080/13854040903482848

Operative Neurosurgery. (2019). https://operativeneurosurgery.com/

Oschwald, J., Guye, S., Liem, F., Rast, P., Willis, S., Rocke, C., Jancke, L., Martin, M., & Mérillat, S.
(2019). Brain structure and cognitive ability in healthy aging: A review on longitudinal
correlated change. Reviews in the Neurosciences, 31(1), 1-57.
https://doi.org/10.1515/revneuro-2018-0096

Owen, A. M., McMiillan, K. M., Laird, A. R., & Bullmore, E. (2005). N-back working memory paradigm:
A meta-analysis of normative functional neuroimaging studies. Human Brain Mapping, 25(1),
46-59. https://doi.org/10.1002/hbm.20131

Pa, J., Possin, K. L., Wilson, S. M., Quitania, L. C., Kramer, J. H., Boxer, A. L., Weiner, M. W., &
Johnson, J. K. (2010). Gray matter correlates of set-shifting among neurodegenerative disease,
mild cognitive impairment, and healthy older adults. Journal of the International
Neuropsychological Society, 16(4), 640—-650. https://doi.org/10.1017/51355617710000408

Palladino, P., & De Beni, R. (1999). Working memory in aging: Maintenance and suppression. Aging
Clinical and Experimental Research, 11(5), 301-306. https://doi.org/10.1007/bf03339804

Page 303 of 359



Pandya, S. Y., Clem, M. A, Silva, L. M., & Woon, F. L. (2016). Does mild cognitive impairment always
lead to dementia? A review. In Journal of the Neurological Sciences (Vol. 369, pp. 57-62).
https://doi.org/10.1016/j.jns.2016.07.055

Park, D. C., Polk, T. A., Mikels, J. A., Taylor, S. F., & Marshuetz, C. (2001). Cerebral aging: integration
of brain and behavioral models of cognitive function. Dialogues in Clinical Neuroscience, 3(3),
151-165.
http://www.ncbi.nlm.nih.gov/pubmed/22034448%0Ahttp://www.pubmedcentral.nih.gov/artic
lerender.fcgi?artid=PMC3181659

Park, D. C., & Reuter-Lorenz, P. (2009). The Adaptive Brain: Aging and Neurocognitive Scaffolding.
Annual Review of Psychology, 60(1), 173—196.
https://doi.org/10.1146/annurev.psych.59.103006.093656

Pashler, H. (1984). Processing stages in overlapping tasks: Evidence for a central bottleneck. Journal
of Experimental Psychology: Human Perception and Performance, 10(3), 358-377.
https://doi.org/10.1037/0096-1523.10.3.358

Pashler, H. (1992). Attentional Limitations in Doing Two Tasks at the Same Time. Current Directions
in Psychological Science, 1(2), 44—48. https://doi.org/10.1111/1467-8721.ep11509734

Pashler, H. (1993). Doing two things at the same time. American Scientist, 81(1), 48-55.

Pashler, H. (1994). Dual-Task Interference in Simple Tasks: Data and Theory. Psychological Bulletin,
116(2), 220-244. https://doi.org/10.1037/0033-2909.116.2.220

Pegueroles, J., Vilaplana, E., Montal, V., Sampedro, F., Alcolea, D., Carmona-Iragui, M., Clarimon, J.,
Blesa, R, Lled, A., & Fortea, J. (2017). Longitudinal brain structural changes in preclinical
Alzheimer’s disease. Alzheimer’s and Dementia, 13(5), 499-509.
https://doi.org/10.1016/j.jalz.2016.08.010

Peltsch, A., Hemraj, A., Garcia, A., & Munoz, D. P. (2014). Saccade deficits in amnestic mild cognitive
impairment resemble mild Alzheimer’s disease. European Journal of Neuroscience, 39(11),
2000-2013. https://doi.org/10.1111/ejn.12617

Penning, M. D., Ruiz-Rizzo, A. L., Redel, P., Miiller, H. J., Salminen, T., Strobach, T., Behrens, S.,
Schubert, T., Sorg, C., & Finke, K. (2021). Alertness Training Increases Visual Processing Speed in
Healthy Older Adults. Psychological Science, 32(3), 340-353.
https://doi.org/10.1177/0956797620965520

Peraita, H., Chacdn, J., Diaz-Mardomingo, C., & Martinez-Arias, R. (2015). Profiles of Mild Cognitive
Impairment (MCI) in the Elderly. The Spanish Journal of Psychology, 18(E90), 1-12.
https://doi.org/10.1017/sjp.2015.96

Pereiro, A. X., Juncos-Rabadan, O., & Facal, D. (2014). Attentional control in amnestic MCI subtypes:

Page 304 of 359



Insights from a simon task. Neuropsychology, 28(2), 261-272.
https://doi.org/10.1037/neu0000047

Perfect, T. J. (1994). What Can Brinley Plots Tell Us About Cognitive Aging? Journal of Gerontology:
PSYCHOLOGICAL SCIENCES, 49(2), 60-64.

Perneczky, R., Wagenpfeil, S., Komossa, K., Grimmer, T., Diehl, J., & Kurz, A. (2006). Mapping scores
onto stages: Mini-mental state examination and clinical dementia rating. American Journal of
Geriatric Psychiatry, 14(2), 139—144. https://doi.org/10.1097/01.JGP.0000192478.82189.a8

Perry, M. E., McDonald, C. R., Hagler, D. J., Gharapetian, L., Kuperman, J. M., Koyama, A. K., Dale, A.
M., & McEvoy, L. K. (2009). White matter tracts associated with set-shifting in healthy aging.
Neuropsychologia, 47(13), 2835—-2842.
https://doi.org/10.1016/j.neuropsychologia.2009.06.008

Perry, R. J., & Hodges, J. R. (1999). Attention and executive deficits in Alzheimer’s disease. A critical
review. Brain, 122 ( Pt 3, 383—404. https://doi.org/10.1093/brain/122.3.383

Perry, R. J., & Hodges, J. R. (2000). Fate of patients with questionable (very mild) Alzheimer’s
disease: Longitudinal profiles of individual subjects’ decline. Dementia and Geriatric Cognitive
Disorders, 11(6), 342—-349. https://doi.org/10.1159/000017264

Perry, R. J., Watson, P., & Hodges, J. R. (2000). The nature and staging of attention dysfunction in
early (minimal and mild) Alzheimer’s disease: Relationship to episodic and semantic memory
impairment. Neuropsychologia, 38(3), 252—271. https://doi.org/10.1016/S0028-
3932(99)00079-2

Persad, C. C., Abeles, N., Zacks, R. T., & Denburg, N. L. (2002). Inhibitory changes after age 60 and
their relationship to measures of attention and memory. Journals of Gerontology - Series B
Psychological Sciences and Social Sciences, 57(3), P223—P232.
https://doi.org/10.1093/geronb/57.3.P223

Persson, J., Nyberg, L., Lind, J., Larsson, A., Nilsson, L. G., Ingvar, M., & Buckner, R. L. (2006).
Structure-function correlates of cognitive decline in aging. Cerebral Cortex, 16(7), 907-915.
https://doi.org/10.1093/cercor/bhj036

Peters, F., Villeneuve, S., & Belleville, S. (2014). Predicting progression to dementia in elderly
subjects with mild cognitive impairment using both cognitive and neuroimaging predictors.
Journal of Alzheimer’s Disease, 38(2), 307—-318. https://doi.org/10.3233/JAD-130842

Petersen, R. C., Caracciolo, B., Brayne, C., Gauthier, S., Jelic, V., & Fratiglioni, L. (2014). Mild cognitive
impairment: A concept in evolution. Journal of Internal Medicine, 275(3), 214-228.
https://doi.org/10.1111/joim.12190.Mild

Petersen, R. C., Smith, G. E., Waring, S. C., lvnik, R. J., Kokmen, E., & Tangelos, E. G. (1997). Aging,

Page 305 of 359



Memory, and Mild Cognitive Impairment. International Psychogeriatrics, 9(S1), 65—69.
https://doi.org/10.1017/s1041610297004717

Petersen, R. C., Smith, G. E., Waring, S. C., lvnik, R. J., Tangalos, E. G., & Kokmen, E. (1999). Mild
cognitive impairment: Clinical characterization and outcome. Archives of Neurology, 56(3),
303—308. https://doi.org/10.1001/archneur.56.3.303

Peterson, L., & Peterson, M. J. (1959). Short-term retention of individual verbal items. Journal of
Experimental Psychology, 58(3), 193-198. https://psycnet.apa.org/doi/10.1037/h0049234

Pettigrew, C., & Martin, R. C. (2014). Cognitive declines in healthy aging: Evidence from multiple
aspects of interference resolution. Psychology and Aging, 29(2), 187-204.
https://doi.org/10.1037/a0036085

Pfeffer, R. I., Kurosaki, T. T., C. H. Harrah, J., Chance, J. M., & S. Filos. (1982). Measurement of
Functional Activities in Older Adults in the Community. Journal of Gerontology, 37(3), 323-329.

Phillips, L. H., & Andrés, P. (2010). The cognitive neuroscience of aging: New findings on
compensation and connectivity. Cortex, 46(4), 421-424.
https://doi.org/10.1016/j.cortex.2010.01.005

Picton, T. W., Stuss, D. T., Alexander, M. P., Shallice, T., Binns, M. A., & Gillingham, S. (2007). Effects
of focal frontal lesions on response inhibition. Cerebral Cortex, 17(4), 826—838.
https://doi.org/10.1093/cercor/bhk031

Pini, L., Pievani, M., Bocchetta, M., Altomare, D., Bosco, P., Cavedo, E., Galluzzi, S., Marizzoni, M., &
Frisoni, G. B. (2016). Brain atrophy in Alzheimer’s Disease and aging. In Ageing Research
Reviews (Vol. 30, pp. 25-48). https://doi.org/10.1016/j.arr.2016.01.002

Pinto, T. C. C., Machado, L., Bulgacov, T. M., Rodrigues-Junior, A. L., Costa, M. L. G., Ximenes, R. C. C,,
& Sougey, E. B. (2019). Is the Montreal Cognitive Assessment (MoCA) screening superior to the
Mini-Mental State Examination (MMSE) in the detection of mild cognitive impairment (MCI)
and Alzheimer’s Disease (AD) in the elderly? International Psychogeriatrics, 31(4), 491-504.
https://doi.org/10.1017/51041610218001370

Pitarque, A., Meléndez, J. C., Sales, A., Mayordomo, T., Satorres, E., Escudero, J., & Algarabel, S.
(2016). The effects of healthy aging, amnestic mild cognitive impairment, and Alzheimer’s
disease on recollection, familiarity and false recognition, estimated by an associative process-
dissociation recognition procedure. Neuropsychologia, 91, 29-35.
https://doi.org/10.1016/j.neuropsychologia.2016.07.010

Poromaa, I. S., & Gingnell, M. (2014). Menstrual cycle influence on cognitive function and emotion
processing from a reproductive perspective. Frontiers in Neuroscience, 8(Nov), 1-16.

https://doi.org/10.3389/fnins.2014.00380

Page 306 of 359



Postle, B. R. (2017). Working memory functions of the prefrontal cortex. In The Prefrontal Cortex as
an Executive, Emotional, and Social Brain (pp. 39-48). https://doi.org/10.1007/978-4-431-
56508-6_3

Postle, B. R., Stern, C. E., Rosen, B. R., & Corkin, S. (2000). An fMRI investigation of cortical
contributions to spatial and nonspatial visual working memory. Neurolmage, 11(5 1), 409-423.
https://doi.org/10.1006/nimg.2000.0570

Poulin, S. P., Dautoff, R., Morris, J. C., Barrett, L. F., & Dickerson, B. C. (2011). Amygdala atrophy is
prominent in early Alzheimer’s disease and relates to symptom severity. Psychiatry Research -
Neuroimaging, 194(1), 7-13. https://doi.org/10.1016/j.pscychresns.2011.06.014

Price, J. L., McKeel, D. W., Buckles, V. D., Roe, C. M., Xiong, C., Grundman, M., Hansen, L. A,
Petersen, R. C., Parisi, J. E., Dickson, D. W., Smith, C. D., Davis, D. G., Schmitt, F. A., Markesbery,
W. R, Kaye, J., Kurlan, R., Hulette, C., Kurland, B. F., Higdon, R., ... Morris, J. C. (2009).
Neuropathology of nondemented aging: Presumptive evidence for preclinical Alzheimer
disease. Neurobiology of Aging, 30(7), 1026—1036.
https://doi.org/10.1016/j.neurobiolaging.2009.04.002

Price, S. E., Kinsella, G. J., Ong, B., Mullaly, E., Phillips, M., Pangnadasa-Fox, L., Perre, D., & Storey, E.
(2010). Learning and memory in amnestic mild cognitive impairment: Contribution of working
memory. Journal of the International Neuropsychological Society, 16(2), 342—351.
https://doi.org/10.1017/51355617709991391

Prvulovic, D., Van De Ven, V., Sack, A. T., Maurer, K., & Linden, D. E. J. (2005). Functional activation
imaging in aging and dementia. In Psychiatry Research - Neuroimaging (Vol. 140, Issue 2, pp.
97-113). https://doi.org/10.1016/j.pscychresns.2005.06.006

Ptak, R., Schnider, A., & Fellrath, J. (2017). The Dorsal Frontoparietal Network: A Core System for
Emulated Action. In Trends in Cognitive Sciences (Vol. 21, Issue 8, pp. 589-599).
https://doi.org/10.1016/j.tics.2017.05.002

Puente, A. N., Faraco, C., Terry, D. P., Brown, C., & Miller, L. S. (2014). Minimal functional brain
differences between older adults with and without mild cognitive impairment during the
stroop. Aging, Neuropsychology, and Cognition, 21(3), 346—369.

https://doi.org/10.1080/13825585.2013.824065

Qin, S., & Basak, C. (2020). Age-related differences in brain activation during working memory

updating: An fMRI study. Neuropsychologia, 138(January), 107335.
https://doi.org/10.1016/j.neuropsychologia.2020.107335
Rabi, R., Vasquez, B. P., Alain, C., Hasher, L., Belleville, S., & Anderson, N. D. (2020). Inhibitory

Control Deficits in Individuals with Amnestic Mild Cognitive Impairment: a Meta-Analysis.

Page 307 of 359



Neuropsychology Review, 30(1), 97-125. https://doi.org/10.1007/s11065-020-09428-6

Rabinovici, G. D., Stephens, M. L., & Possin, K. L. (2015). Executive dysfunction. Continuum
(Minneapolis, Minn.), 21(3 Behavioral Neurology and Neuropsychiatry), 646—659.
https://doi.org/10.1212/01.CON.0000466658.05156.54

Radvansky, G. A., & Radvansky, G. A. (2018). Memory and Aging. In Human Memory (pp. 551-580).
https://doi.org/10.4324/9781315542768-17

Ramanoél, S., Hoyau, E., Kauffmann, L., Renard, F., Pichat, C., Boudiaf, N., Krainik, A., Jaillard, A., &
Baciu, M. (2018). Gray matter volume and cognitive performance during normal aging. A voxel-
based morphometry study. Frontiers in Aging Neuroscience, 10(AUG), 1-10.
https://doi.org/10.3389/fnagi.2018.00235

Ranjbar-Slamloo, Y., & Fazlali, Z. (2020). Dopamine and Noradrenaline in the Brain; Overlapping or
Dissociate Functions? Frontiers in Molecular Neuroscience, 12(January), 1-8.
https://doi.org/10.3389/fnmol.2019.00334

Ravizza, S. M., Delgado, M. R., Chein, J. M., Becker, J. T., & Fiez, J. A. (2004). Functional dissociations
within the inferior parietal cortex in verbal working memory. Neurolmage, 22(2), 562-573.
https://doi.org/10.1016/j.neuroimage.2004.01.039

Ray, N. J., Metzler-Baddeley, C., Khondoker, M. R., Grothe, M., Teipel, S., Wright, P., Heinsen, H.,
Jones, D. K., Aggleton, J. P., & O’Sullivan, M. J. (2015). Cholinergic basal forebrain structure
influences the reconfiguration of white matter connections to support residual memory in mild
cognitive impairment. Journal of Neuroscience, 35(2), 739-747.
https://doi.org/10.1523/INEUROSCI.3617-14.2015

Raz, N. (2000). Aging of the brain and its impact on cognitive performance: Integration of structural
and functional findings. The Handbook of Aging and Cognition (2nd Ed.), 1-90.
https://www.researchgate.net/publication/239061239

Raz, N. (2004). The Aging Brain Observed in Vivo Differential Changes and their Modifiers. In R.
Cabeza, L. Nyberg, & D. C. Park (Eds.), Cognitive Neuroscience of Aging: Linking Cognitive and
Cerebral Aging (pp. 17-55). Oxford University Press (OUP). https://doi.org/10.1093/acprof

Raz, N., Gunning-Dixon, F. M., Head, D., Dupuis, J. H., & Acker, J. D. (1998). Neuroanatomical
correlates of cognitive aging: Evidence from structural magnetic resonance imaging.
Neuropsychology, 12(1), 95-114. https://doi.org/10.1037/0894-4105.12.1.95

Raz, N., Gunning, F. M., Head, D., Dupuis, J. H., McQuain, J., Briggs, S. D., Loken, W. J., Thornton, A.
E., & Acker, J. D. (1997). Selective aging of the human cerebral cortex observed in Vivo:
Differential vulnerability of the prefrontal gray matter. Cerebral Cortex, 7(3), 268-282.
https://doi.org/10.1093/cercor/7.3.268

Page 308 of 359



Raz, N., Lindenberger, U., Rodrigue, K. M., Kennedy, K. M., Head, D., Williamson, A., Dahle, C.,
Gerstorf, D., & Acker, J. D. (2005). Regional brain changes in aging healthy adults: General
trends, individual differences and modifiers. Cerebral Cortex, 15(11), 1676—1689.
https://doi.org/10.1093/cercor/bhi044

Raz, N., & Rodrigue, K. M. (2006). Differential aging of the brain: Patterns, cognitive correlates and
modifiers. Neuroscience & Biobehavioral Reviews, 30(6), 730-748.
https://doi.org/10.1016/j.neubiorev.2006.07.001

Rebecca, E. (2003). Executive functions and their disorders. British Medical Bulletin, 65, 49-59.
https://doi.org/10.1093/bmb/Idg65.049

Redick, T. S., & Lindsey, D. R. B. (2013). Complex span and n-back measures of working memory: A
meta-analysis. Psychonomic Bulletin and Review, 20(6), 1102—-1113.
https://doi.org/10.3758/s13423-013-0453-9

Redondo, M. T., Beltran-Brotdns, J. L., Reales, J. M., & Ballesteros, S. (2016). Executive functions in
patients with Alzheimer’s disease, type 2 diabetes mellitus patients and cognitively healthy
older adults. Experimental Gerontology, 83, 47-55.
https://doi.org/10.1016/j.exger.2016.07.013

Reimers, S., & Maylor, E. A. (2005). Task switching across the life Span: Effects of age on general and
specific switch costs. Developmental Psychology, 41(4), 661-671.
https://doi.org/10.1037/0012-1649.41.4.661

Reinvang, |., Grambaite, R., & Espeseth, T. (2012). Executive Dysfunction in MCl: Subtype or Early
Symptom. International Journal of Alzheimer’s Disease, 2012, 1-8.
https://doi.org/10.1155/2012/936272

Reitan, R. M. (1992). Trail Making Test: Manual for administration and scoring. In Reitan
Neuropsychology Laboratory.

Reitan, R. M., & Wolfson, D. (1986). Review of The Halstead-Reitan Neuropsychological Test Battery:
Theory and Clinical Interpretation. In PsycCRITIQUES (Vol. 31, Issue 4, pp. 309—-309).
https://doi.org/10.1037/024717

Ren, Y., Ren, Y., Yang, W., Tang, X., Wu, F., Wu, Q., Takahashi, S., Ejima, Y., & Wu, J. (2018).
Comparison for younger and older adults: Stimulus temporal asynchrony modulates
audiovisual integration. International Journal of Psychophysiology, 124(March 2017), 1-11.
https://doi.org/10.1016/].ijpsycho.2017.12.004

Ren, Y., Yang, W., Nakahashi, K., Takahashi, S., & Wu, J. (2017). Audiovisual Integration Delayed by
Stimulus Onset Asynchrony Between Auditory and Visual Stimuli in Older Adults. Perception,

46(2), 205-218. https://doi.org/10.1177/0301006616673850

Page 309 of 359



Rentz, D. M., Locascio, J. J., Becker, J. A., Moran, E. K., Eng, E., Buckner, R. L., Sperling, R. A., &
Johnson, K. A. (2010). Cognition, reserve, and amyloid deposition in normal aging. Annals of
Neurology, 67(3), 353-364. https://doi.org/10.1002/ana.21904

Reuter-Lorenz, P. A., & Park, D. C. (2010). Human neuroscience and the aging mind: A new look at
old problems. Journals of Gerontology - Series B Psychological Sciences and Social Sciences, 65
B(4), 405—415. https://doi.org/10.1093/geronb/ghq035

Reuter-Lorenz, P. A., & Park, D. C. (2014). How Does it STAC Up? Revisiting the Scaffolding Theory of
Aging and Cognition. Neuropsychology Review, 24(3), 355-370.
https://doi.org/10.1007/s11065-014-9270-9

Rey-Mermet, A., & Gade, M. (2018). Inhibition in aging: What is preserved? What declines? A meta-
analysis. Psychonomic Bulletin and Review, 25(5), 1695-1716. https://doi.org/10.3758/s13423-
017-1384-7

Reynolds, C. R., & Horton Jr, A. M. (2008). Assessing Executive Functions: A Life-Span Perspective.
Psychology in the Schools, 45(9), 875—892. https://doi.org/10.1002/pits

Rhodes, M. G., & Kelley, C. M. (2005). Executive processes, memory accuracy, and memory
monitoring: An aging and individual difference analysis. Journal of Memory and Language,
52(4), 578-594. https://doi.org/10.1016/j.jm|.2005.01.014

Riby, L. M., Perfect, T. J., & Stollery, B. T. (2004). The effects of age and task domain on dual task
performance: A meta-analysis. European Journal of Cognitive Psychology, 16(6), 863—891.
https://doi.org/10.1080/09541440340000402

Richer, F., Bedard, S., Lepage, M., & Chouinard, M.-J. (1998). W-14. Frontal Lesions Produce a Dual-
Task Deficit in Simple Rapid Choices. Brain and Cognition, 37, 173—-175.

Riddle, D. (Ed.). (2007). Brain Aging: Models, Methods, and Mechanisms. CRC Press/Taylor & Francis.

Rieger, M., Gauggel, S., & Burmeister, K. (2003). Inhibition of ongoing responses following frontal,
nonfrontal, and basal ganglia lesions. Neuropsychology, 17(2), 272-282.
https://doi.org/10.1037/0894-4105.17.2.272

Riggall, A. C., & Postle, B. R. (2012). The relationship between working memory storage and elevated
activity as measured with functional magnetic resonance imaging. Journal of Neuroscience,
32(38), 12990-12998. https://doi.org/10.1523/JINEUROSCI.1892-12.2012

Risacher, S. L., Anderson, W. H., Charil, A., Castelluccio, P. F., Shcherbinin, S., Saykin, A. J., Schwarz,
A.J., & Initiative, F. the A. D. N. (2017). Alzheimer disease brain atrophy subtypes are
associated with cognition and rate of decline. Neurology, 89(21).

Roberts, R. E., & Husain, M. (2015). A dissociation between stopping and switching actions following

a lesion of the pre-supplementary motor area. Cortex, 63, 184—195.

Page 310 of 359



https://doi.org/10.1016/j.cortex.2014.08.004

Roberts, R. J., Hager, L. D., & Heron, C. (1994). Prefrontal Cognitive Processes: Working Memory and
Inhibition in the Antisaccade Task. Journal of Experimental Psychology: General, 123(4), 374—
393. https://doi.org/10.1037/0096-3445.123.4.374

Robertson, I. H., Ward, T., Ridgeway, V., & Nimmo-Smith, |. (1994). The Test of Everyday Attention:
TEA. October, 4(1), 51-55. https://www.researchgate.net/publication/267552527

Robertson, I. H., Ward, T., Ridgeway, V., & Nimmo-Smith, |. (2001). The Test of Everyday Attention.
Manual Atlantic Fellows for Equity in Brain Health View project Mathematical Statistics View
project. Test Reviews, 4(1), 51-55. https://www.researchgate.net/publication/267552527

Robinson, J. L., Laird, A. R., Glahn, D. C., Blangero, J., Sanghera, M. K., Pessoa, L., Fox, P. M., Uecker,
A, Friehs, G., Young, K. A,, Griffin, J. L., Lovallo, W. R., & Fox, P. T. (2012). The functional
connectivity of the human caudate: An application of meta-analytic connectivity modeling with
behavioral filtering. Neurolmage, 60(1), 117-129.
https://doi.org/10.1016/j.neuroimage.2011.12.010

Roca, M., Torralva, T., Gleichgerrcht, E., Woolgar, A., Thompson, R., Duncan, J., & Manes, F. (2011).
The role of Area 10 (BA10) in human multitasking and in social cognition: A lesion study.
Neuropsychologia, 49(13), 3525—-3531.
https://doi.org/10.1016/j.neuropsychologia.2011.09.003

Rogers, R. D., & Monsell, S. (1995). Costs of a Predictable Switch Between Simple Cognitive Tasks.
Journal of Experimental Psychology: General, 124(2), 207-231. https://doi.org/10.1037/0096-
3445.124.2.207

Rolls, E. T. (2019). The orbitofrontal cortex. Oxford University Press.

Rolls, E. T., & Grabenhorst, F. (2008). The orbitofrontal cortex and beyond: From affect to decision-
making. Progress in Neurobiology, 86(3), 216-244.
https://doi.org/10.1016/j.pneurobio.2008.09.001

Rombouts, S. A. R. B., Barkhof, F., Goekoop, R., Stam, C. J., & Scheltens, P. (2005). Altered resting
state networks in mild cognitive impairment and mild Alzheimer’s disease: An fMRI study.
Human Brain Mapping, 26(4), 231-239. https://doi.org/10.1002/hbm.20160

Rose, N. S., Myerson, J., Sommers, M. S., & Hale, S. (2009). Are there age differences in the Executive
Component of Working Memory? Evidence from Domain-General Interference Effects. Aging,
Neuropsychology, and Cognition, 16(6), 633—653.
https://doi.org/10.1080/13825580902825238

Rosen, W. G., Mohs, R. C., & Davis, K. L. (1984). A new rating scale for Alzheimer’s disease. American

Journal of Psychiatry, 141, 1356—-1364.

Page 311 of 359



Rosenberg, P. B., Mielke, M. M., Appleby, B., Oh, E., Leoutsakos, J. M., & Lyketsos, C. G. (2011).
Neuropsychiatric symptoms in MCI subtypes: The importance of executive dysfunction.
International Journal of Geriatric Psychiatry, 26(4), 364—372. https://doi.org/10.1002/gps.2535

Roth, J. K., & Courtney, S. M. (2007). Neural system for updating object working memory from
different sources: Sensory stimuli or long-term memory. Neurolmage, 38(3), 617-630.
https://doi.org/10.1016/j.neuroimage.2007.06.037

Rubia, K., Smith, A. B., Brammer, M. J., & Taylor, E. (2003). Right inferior prefrontal cortex mediates
response inhibition while mesial prefrontal cortex is responsible for error detection.
Neurolmage, 20(1), 351-358. https://doi.org/10.1016/5S1053-8119(03)00275-1

Rubinstein, J. S., Meyer, D. E., & Evans, J. E. (2001). Executive Control of Cognitive Processes in Task
Switching. Journal of Experimental Psychology: Human Perception and Performance, 27(4),
763-797. https://doi.org/10.1037//0096-1523.27.4.763

Rudebeck, P. H., & Rich, E. L. (2018). Orbitofrontal cortex. Current Biology, 28(18), R1083—-R1088.
https://doi.org/10.1016/j.cub.2018.07.018

Ruge, H., Jamadar, S., Zimmermann, U., & Karayanidis, F. (2013). The many faces of preparatory
control in task switching: Reviewing a decade of fMRI research. Human Brain Mapping, 34(1),
12-35. https://doi.org/10.1002/hbm.21420

Rugg, M. D., Otten, L. J., & Henson, R. N. A. (2002). The neural basis of episodic memory: Evidence
from functional neuroimaging. Philosophical Transactions of the Royal Society B: Biological
Sciences, 357(1424), 1097-1110. https://doi.org/10.1098/rstb.2002.1102

Rugg, M. D., & Vilberg, K. L. (2013). Brain networks underlying episodic memory retrieval. Current
Opinion in Neurobiology, 23(2), 255-260. https://doi.org/10.1016/j.conb.2012.11.005

Russell, J. K., Jones, C. K., & Newhouse, P. A. (2019). The Role of Estrogen in Brain and Cognitive
Aging. In Neurotherapeutics (Vol. 16, Issue 3, pp. 649—665). Springer New York LLC.
https://doi.org/10.1007/s13311-019-00766-9

Rypma, B., Berger, J. S., & D’Esposito, M. (2001). Neural mechanisms of age-related changes in
human working memory. Brain and Cognition, 47(1-2), 113-116.

Rypma, B., & D’Esposito, M. (2000). Isolating the neural mechanisms of age-related changes in
human working memory. Nature Neuroscience, 3(5), 509-515.

Saklofske, D. H., & Schoenberg, M. R. (2011). Wechsler Adult Intelligence Scale (All Versions). In
Encyclopedia of Clinical Neuropsychology (2011th ed.). Springer, New York, NY.
https://doi.org/10.1007/978-0-387-79948-3

Salami, A, Eriksson, J., Nilsson, L. G., & Nyberg, L. (2012). Age-related white matter microstructural

differences partly mediate age-related decline in processing speed but not cognition.

Page 312 of 359



Biochimica et Biophysica Acta - Molecular Basis of Disease, 1822(3), 408—415.
https://doi.org/10.1016/j.bbadis.2011.09.001

Salat, D. H., Buckner, R. L., Snyder, A. Z., Greve, D. N., Desikan, R. S. R., Busa, E., Morris, J. C., Dale, A.
M., & Fischl, B. (2004). Thinning of the cerebral cortex in aging. Cerebral Cortex, 14(7), 721-
730. https://doi.org/10.1093/cercor/bhh032

Salat, D. H., Kaye, J. A., & Janowsky, J. S. (1999). Prefrontal gray and white matter volumes in healthy
aging and Alzheimer disease. Archives of Neurology, 56(3), 338-344.
https://doi.org/10.1001/archneur.56.3.338

Salat, D. H., Kaye, J. A., & Janowsky, J. S. (2002). Greater orbital prefrontal volume selectively
predicts worse working memory performance in older adults. Cerebral Cortex, 12(5), 494-505.
https://doi.org/10.1093/cercor/12.5.494

Salehi, A., & Swaab, D. F. (1999). Diminished neuronal metabolic activity in Alzheimer’s disease.
Journal of Neural Transmission, 106(9-10), 955-986. https://doi.org/10.1007/s007020050216

Salmon, E., Van Der Linden, M., Collette, F., Delfiore, G., Maquet, P., Degueldre, C., Luxen, A., &
Franck, G. (1996). Regional brain activity during working memory tasks. Brain, 119(5), 1617-
1625. https://doi.org/10.1093/brain/119.5.1617

Salo, E., Rinne, T., Salonen, 0., & Alho, K. (2015). Brain activations during bimodal dual tasks depend
on the nature and combination of component tasks. Frontiers in Human Neuroscience, 9(FEB),
1-10. https://doi.org/10.3389/fnhum.2015.00102

Salthouse, T. A. (1976). Speed and age: Multiple rates of age decline. Experimental Aging Research,
2(4), 349-359. https://doi.org/10.1080/03610737608257992

Salthouse, T. A. (1979). Adult Age and Speed-Accuracy trade-off. Ergonomics, 22, 811-821.

Salthouse, T. A. (1992). Influence of processing speed on adult age differences in working memory.
Acta Psychologica, 79, 155-170.

Salthouse, T. A. (1994). Aging of Working Memory.pdf. Neuropsychology, 8(4), 535-543.

Salthouse, T. A. (1995). Selective influences of age and speed on associative memory. The American
Journal of Psychology, 108(3), 381-396. https://doi.org/10.2307/1422896

Salthouse, T. A. (1996). The processing-speed theory of adult age differences in cognition.
Psychological Review, 103(3), 403-428. https://doi.org/10.1037/0033-295X.103.3.403

Salthouse, T. A. (2003a). Interrelations of aging, knowledge, and cognitive performance. In U.
Staudinger & U. Lindenberger (Eds.), Understanding Human Development: Lifespan Psychology
in Exchange with other Disciplines (pp. 265—287). Kluwer Academic Publishers.

Salthouse, T. A. (2003b). Memory Aging from 18 to 80. Alzheimer Disease and Associated Disorders,
17,162-167. https://doi.org/10.1017/CB0O9781107415324.004

Page 313 of 359



Salthouse, T. A. (2005). Relations between cognitive abilities and measures of executive functioning.
Neuropsychology, 19(4), 532-545. https://doi.org/10.1037/0894-4105.19.4.532

Salthouse, T. A. (2009). When does age-related cognitive decline begin? Neurobiology of Aging,
30(4), 507-514. https://doi.org/10.1016/j.neurobiolaging.2008.09.023

Salthouse, T. A. (2011a). Neuroanatomical substrates of age-related cognitive decline. Psychological
Bulletin, 137(5), 753-784. https://doi.org/10.1038/jid.2014.371

Salthouse, T. A. (2011b). What cognitive abilities are involved in trail-making performance?
Intelligence, 39(4), 222-232. https://doi.org/10.1016/].intell.2011.03.001

Salthouse, T. A. (2012). Consequences of Age-Related Cognitive Declines. Annual Review of
Psychology, 63(1), 201-226. https://doi.org/10.1146/annurev-psych-120710-100328

Salthouse, T. A. (2019). Trajectories of normal cognitive aging. Psychology and Aging, 34(1), 17-24.
https://doi.org/10.1037/pag0000288

Salthouse, T. A., Atkinson, T. M., & Berish, D. E. (2003). Executive Functioning as a Potential Mediator
of Age-Related Cognitive Decline in Normal Adults. Journal of Experimental Psychology:
General, 132(4), 566-594. https://doi.org/10.1037/0096-3445.132.4.566

Salthouse, T. A., & Babcock, R. L. (1991). Decomposing Adult Age Differences in Working Memory.
Developmental Psychology, 27(5), 763-776. https://doi.org/10.1037/0012-1649.27.5.763

Salthouse, T. A., Fristoe, N., McGuthry, K. E., & Hambrick, D. Z. (1998). Relation of task switching to
speed, age, and fluid intelligence. Psychology and Aging, 13(3), 445-461.
https://doi.org/10.1037/0882-7974.13.3.445

Salthouse, T. A., & Meinz, E. J. (1995). Aging, inhibition, working memory, and speed. Journals of
Gerontology - Series B Psychological Sciences and Social Sciences, 50 B(6), P297—P306.
https://doi.org/10.1093/geronb/50B.6.P297

Salthouse, T. A., Mitchell, D. R. D., Skovronek, E., & Babcock, R. L. (1989). Effects of Adult Age and
Working Memory on Reasoning and Spatial Abilities. Journal of Experimental Psychology, 15(3),
507-516.

Salthouse, T. A., Rogan, J. D., & Prill, K. A. (1984). Division of attention: Age differences on a visually
presented memory task. Memory & Cognition, 12(6), 613—620.
https://doi.org/10.3758/BF03213350

Sanchez-Cubillo, 1., Periafiez, J. A., Adrover-Roig, D., Rodriguez-Sanchez, J. M., Rios-Lago, M., Tirapu,
J., & Barcelo, F. (2009). Construct validity of the Trail Making Test: Role of task-switching,
working memory, inhibition/interference control, and visuomotor abilities. Journal of the
International Neuropsychological Society, 15(3), 438—450.
https://doi.org/10.1017/51355617709090626

Page 314 of 359



Sarter, M., Givens, B., & Bruno, J. P. (2001). The cognitive neuroscience of sustained attention:
Where top-down meets bottom-up. Brain Research Reviews, 35(2), 146—-160.
https://doi.org/10.1016/50165-0173(01)00044-3

Saunders, N. L. J., & Summers, M. J. (2010). Attention and working memory deficits in mild cognitive
impairment. Journal of Clinical and Experimental Neuropsychology, 32(4), 350-357.
https://doi.org/10.1080/13803390903042379

Scarpina, F., & Tagini, S. (2017). The stroop color and word test. Frontiers in Psychology, 8(APR), 1-8.
https://doi.org/10.3389/fpsyg.2017.00557

Scheggia, D., Bebensee, A., Weinberger, D. R., & Papaleo, F. (2014). The ultimate intra-/extra-
dimensional attentional set-shifting task for mice. Biological Psychiatry, 75(8), 660—670.
https://doi.org/10.1016/j.biopsych.2013.05.021

Scheltens, P., Blennow, K., Breteler, M. M. B., de Strooper, B., Frisoni, G. B., Salloway, S., & Van der
Flier, W. M. (2016). Alzheimer’s disease. In The Lancet (Vol. 388, Issue 10043, pp. 505-517).
https://doi.org/10.1016/50140-6736(15)01124-1

Schmid, N. S., Taylor, K. I., Foldi, N. S., Berres, M., & Monsch, A. U. (2013). Neuropsychological signs
of Alzheimer’s disease 8 years prior to diagnosis. Journal of Alzheimer’s Disease, 34(2), 537—-
546. https://doi.org/10.3233/JAD-121234

Schmidtke, K. (2002). Cognitive Procedural Learning in Patients With Fronto-Striatal Lesions.
Learning & Memory, 9(6), 419-429. https://doi.org/10.1101/Im.47202

Schmitter-Edgecombe, M., & Sanders, C. (2009). Task switching in mild cognitive impairment: Switch
and nonswitch costs. Journal of the International Neuropsychological Society, 15(1), 103—111.
https://doi.org/10.1017/51355617708090140

Schnitzspahn, K. M., Stahl, C., Zeintl, M., Kaller, C. P., & Kliegel, M. (2013). The role of shifting,
updating, and inhibition in prospective memory performance in young and older adults.
Developmental Psychology, 49(8), 1544—1553. https://doi.org/10.1037/a0030579

Schriefers, H., Meyer, A. S., & Levelt, W. J. M. (1990). Exploring the time course of lexical access in
language production: Picture-word interference studies. Journal of Memory and Language,
29(1), 86—102. https://doi.org/10.1016/0749-596X(90)90011-N

Schroeder, P. J. (2014). The effects of age on processing and storage in working memory span tasks
and reading comprehension. Experimental Aging Research, 40(3), 308—331.
https://doi.org/10.1080/0361073X.2014.896666

Schroeter, M. L., Stein, T., Maslowski, N., & Neumann, J. (2009). Neural correlates of Alzheimer’s
disease and mild cognitive impairment: A systematic and quantitative meta-analysis involving

1351 patients. Neurolmage, 47(4), 1196-1206.

Page 315 of 359



https://doi.org/10.1016/j.neuroimage.2009.05.037

Schubert, T. (2008). The central attentional limitation and executive control. Frontiers in Bioscience,
13(9), 3569-3580. https://doi.org/10.2741/2950

Schubert, T., Fischer, R., & Stelzel, C. (2008). Response Activation in Overlapping Tasks and the
Response-Selection Bottleneck. Journal of Experimental Psychology: Human Perception and
Performance, 34(2), 376—397. https://doi.org/10.1037/0096-1523.34.2.376

Schubert, T., & Szameitat, A. J. (2003a). Functional neuroanatomy of interference in overlapping dual
tasks: An fMRI study. Cognitive Brain Research, 17(3), 733—746. https://doi.org/10.1016/50926-
6410(03)00198-8

Schubert, T., & Szameitat, A. J. (2003b). Functional neuroanatomy of interference in overlapping
dual tasks: An fMRI study. Cognitive Brain Research, 17(3), 733—-746.
https://doi.org/10.1016/50926-6410(03)00198-8

Sebastian, A., Baldermann, C., Feige, B., Katzev, M., Scheller, E., Hellwig, B., Lieb, K., Weiller, C.,
Tuscher, 0., & Kloppel, S. (2013). Differential effects of age on subcomponents of response
inhibition. Neurobiology of Aging, 34(9), 2183—2193.
https://doi.org/10.1016/j.neurobiolaging.2013.03.013

Sebastian, M. V., & Mediavilla, R. (2017). Does dual-task coordination performance decline in later
life? Psicothema, 29(2), 223—228. https://doi.org/10.7334/psicothema2016.274

Sebastian, M. V., Menor, J., & Elosua, M. R. (2006). Attentional dysfunction of the central executive
in AD: Evidence from dual task and perseveration errors. Cortex, 42(7), 1015-1020.
https://doi.org/10.1016/S0010-9452(08)70207-7

Segal, D. L., June, A., Payne, M., Coolidge, F. L., & Yochim, B. (2010). Development and initial
validation of a self-report assessment tool for anxiety among older adults: The Geriatric Anxiety
Scale. Journal of Anxiety Disorders, 24(7), 709-714.
https://doi.org/10.1016/j.janxdis.2010.05.002

Seger, C. A,, & Cincotta, C. M. (2005). The roles of the caudate nucleus in human classification
learning. Journal of Neuroscience, 25(11), 2941-2951.
https://doi.org/10.1523/INEUROSCI.3401-04.2005

Seghier, M. L. (2013). The angular gyrus: Multiple functions and multiple subdivisions.
Neuroscientist, 19(1), 43—61. https://doi.org/10.1177/1073858412440596

Seifert, L. S. (1997). Activating representations in permanent memory: Different benefits for pictures
and words. Journal of Experimental Psychology: Learning Memory and Cognition, 23(5), 1106—
1121. https://doi.org/10.1037/0278-7393.23.5.1106

Serrano-Pozo, A., Frosch, M. P., Masliah, E., & Hyman, B. T. (2011). Neuropathological alterations in

Page 316 of 359



Alzheimer disease. Cold Spring Harbor Perspectives in Medicine, 1(1), 1-23.
https://doi.org/10.1101/cshperspect.a006189

Shallice, T. (1982). Specific impairments of planning. Philosophical Transactions of the Royal Society
of London. Series B, Biological Sciences, 298(1089), 199—-209.
https://doi.org/10.1098/rstb.1982.0082

Shao, W., Peng, D., & Wang, X. (2017). Genetics of Alzheimer’s disease: From pathogenesis to clinical
usage. In Journal of Clinical Neuroscience (Vol. 45, pp. 1-8).
https://doi.org/10.1016/j.jocn.2017.06.074

Shi, Y., Meindl, T., Szameitat, A. J., Miiller, H. J., & Schubert, T. (2014). Task preparation and neural
activation in stimulus-specific brain regions: An fMRI study with the cued task-switching
paradigm. Brain and Cognition, 87(1), 39-51. https://doi.org/10.1016/j.bandc.2014.03.001

Sigman, M., & Dehaene, S. (2008). Brain mechanisms of serial and parallel processing during dual-
task performance. The Journal of Neuroscience : The Official Journal of the Society for
Neuroscience, 28(30), 7585-7598. https://doi.org/10.1523/INEUROSCI.0948-08.2008

Silveri, M. C., Reali, G., Jenner, C., & Puopolo, M. (2007). Attention and memory in the preclinical
stage of dementia. Journal of Geriatric Psychiatry and Neurology, 20(2), 67-75.
https://doi.org/10.1177/0891988706297469

Simon, J. R. (1969). Reactions toward the source of stimulation. Journal of Experimental Psychology,
81(1), 174-176. https://doi.org/10.1037/h0027448

Sinai, M., Phillips, N. A., Chertkow, H., & Kabani, N. J. (2010). Task Switching Performance Reveals
Heterogeneity Amongst Patients With Mild Cognitive Impairment. Neuropsychology, 24(6),
757-774. https://doi.org/10.1037/a0020314

Skinner, E. I., & Fernandes, M. A. (2008). Interfering with remembering and knowing: Effects of
divided attention at retrieval. Acta Psychologica, 127(2), 211-221.
https://doi.org/10.1016/j.actpsy.2007.05.001

Smith, E. E., Geva, A., Jonides, J., Miller, A., Reuter-Lorenz, P., & Koeppe, R. A. (2001). The neural
basis of task-switching in working memory: Effects of performance and aging. Proceedings of
the National Academy of Sciences of the United States of America, 98(4), 2095-2100.
https://doi.org/10.1073/pnas.98.4.2095

Smits, L. L., Van Harten, A. C., Pijnenburg, Y. A. L., Koedam, E. L. G. E., Bouwman, F. H., Sistermans,
N., Reuling, I. E. W., Prins, N. D., Lemstra, A. W., Scheltens, P., & Van Der Flier, W. M. (2015).
Trajectories of cognitive decline in different types of dementia. Psychological Medicine, 45(5),
1051-1059. https://doi.org/10.1017/50033291714002153

Sohn, M. H., Ursu, S., Anderson, J. R., Stenger, V. A., & Carter, C. S. (2000). The role of prefrontal

Page 317 of 359



cortex and posterior parietal cortex in task switching. Proceedings of the National Academy of
Sciences of the United States of America, 97(24), 13448—-13453.
https://doi.org/10.1073/pnas.240460497

Soldan, A. (2018). Evaluating Cognitive Reserve Through the Prism of Preclinical Alzheimer’s Disease.
Psychiatric Clinics of North America, 41(1), 65-77.
https://doi.org/10.1016/j.physbeh.2017.03.040

Sorbi, S., Hort, J., Erkinjuntti, T., Fladby, T., Gainotti, G., Gurvit, H., Nacmias, B., Pasquier, F., Popescu,
B. O., Rektorova, I., Religa, D., Rusina, R., Rossor, M., Schmidt, R., Stefanova, E., Warren, J. D., &
Scheltens, P. (2012). EFNS-ENS Guidelines on the diagnosis and management of disorders
associated with dementia. European Journal of Neurology, 19(9), 1159-1179.
https://doi.org/10.1111/j.1468-1331.2012.03784.x

Souchay, C., & Isingrini, M. (2004). Age related differences in metacognitive control: Role of
executive functioning. Brain and Cognition, 56(1), 89-99.
https://doi.org/10.1016/j.bandc.2004.06.002

Spaan, P. E. J. (2016). Cognitive decline in normal aging and early Alzheimer’s disease: A continuous
or discontinuous transition? A historical review and future research proposal. In Cogent
Psychology (Vol. 3, Issue 1). https://doi.org/10.1080/23311908.2016.1185226

Spector, A., & Biederman, |. (1976). Mental set and mental shift revisited. The American Journal of
Psychology, 89(4), 669—679.

Spires-Jones, T. L., & Hyman, B. T. (2015). The intersection of amyloid beta and tau at synapses in
Alzheimer’s disease. Neuron, 82(4), 756-771.
https://doi.org/10.1016/j.neuron.2014.05.004.The

Spreen, 0., & Strauss, E. (1998). A compendium of neuropsychological tests: Administration, norms,
and commentary.

Spreng, R. N., & Andrews-Hanna, J. R. (2015). The Default Network and Social Cognition. In Brain
Mapping: An Encyclopedic Reference (Vol. 3, Issue December, pp. 165-169).
https://doi.org/10.1016/B978-0-12-397025-1.00173-1

Spulber, G., Niskanen, E., MacDonald, S., Smilovici, O., Chen, K., Reiman, E. M., Jauhiainen, A. M.,
Hallikainen, M., Tervo, S., Wahlund, L. O., Vanninen, R., Kivipelto, M., & Soininen, H. (2010).
Whole brain atrophy rate predicts progression from MCI to Alzheimer’s disease. Neurobiology
of Aging, 31(9), 1601-1605. https://doi.org/10.1016/j.neurobiolaging.2008.08.018

Squire, L. R., Stark, C. E. L., & Clark, R. E. (2004). The Medial Temporal Lobe. Annual Review of
Neuroscience, 27, 279-306.

Stahl, R., Dietrich, O., Teipel, S. J., Hampel, H., Reiser, M. F., & Schoenberg, S. 0. (2007). White

Page 318 of 359



matter damage in Alzheimer disease and mild cognitive impairment: assessment with diffusion-
tensor MR imaging and parallel imaging techniques. Radiology, 243(2), 483-492.
https://doi.org/10.1148/radiol.2432051714

Stalnaker, T. A., Cooch, N. K., & Schoenbaum, G. (2015). What the orbitofrontal cortex does not do.
Nature Neuroscience, 18(5), 620-627. https://doi.org/10.1038/nn.3982

Steele, V. R., Aharoni, E., Munro, G. E., Calhoun, V. D., Nyalakanti, P., Stevens, M. C., Pearlson, G., &
Kiehl, K. A. (2013). A large scale (N=102) functional neuroimaging study of response inhibition
in a Go/NoGo task. Behavioural Brain Research, 256, 529-536.
https://doi.org/10.1016/j.bbr.2013.06.001

Steinberg, S. I., Negash, S., Sammel, M. D., Bogner, H., Harel, B. T., Livney, M. G., McCoubrey, H.,
Wolk, D. A, Kling, M. A., & Arnold, S. E. (2013). Subjective memory complaints, cognitive
performance, and psychological factors in healthy older adults. American Journal of Alzheimer’s
Disease and Other Dementias, 28(8), 776—783. https://doi.org/10.1177/1533317513504817

Stelzel, C., Brandt, S. A., & Schubert, T. (2009). Neural mechanisms of concurrent stimulus processing
in dual tasks. Neurolmage, 48(1), 237-248. https://doi.org/10.1016/j.neuroimage.2009.06.064

Stelzel, C., Kraft, A, Brandt, S. A., & Schubert, T. (2008). Dissociable neural effects of task order
control and task set maintenance during dual-task processing. Journal of Cognitive
Neuroscience, 20(4), 613—628. https://doi.org/10.1162/jocn.2008.20053

Stelzel, C., Schumacher, E. H., Schubert, T., & D’Esposito, M. (2006). The neural effect of stimulus-
response modality compatibility on dual-task performance: An fMRI study. Psychological
Research, 70(6), 514-525. https://doi.org/10.1007/s00426-005-0013-7

Stevens, F. L., Hurley, R. A., & Taber, K. H. (2011). Anterior cingulate cortex: Unique role in cognition
and emotion. Journal of Neuropsychiatry and Clinical Neurosciences, 23(2), 121-125.
https://doi.org/10.1176/jnp.23.2.jnp121

Stopford, C. L., Thompson, J. C., Neary, D., Richardson, A. M. T., & Snowden, J. S. (2012). Working
memory, attention, and executive function in Alzheimer’s disease and frontotemporal
dementia. Cortex, 48(4), 429—-446. https://doi.org/10.1016/j.cortex.2010.12.002

Stricker, N. H., Salat, D. H., Foley, J. M., Zink, T. A., Kellison, I. L., McFarland, C. P., Grande, L. J.,
McGlinchey, R. E., Milberg, W. P., & Leritz, E. C. (2013). Decreased white matter integrity in
Neuropsychologically defined mild cognitive impairment is independent of cortical thinning.
Journal of the International Neuropsychological Society, 19(8), 925-937.
https://doi.org/10.1017/51355617713000660

Strobach, T., Frensch, P., Miiller, H. J., & Schubert, T. (2012a). Testing the Limits of Optimizing Dual-

Task Performance in Younger and Older Adults. Frontiers in Human Neuroscience, 6.

Page 319 of 359



https://doi.org/10.3389/fnhum.2012.00039

Strobach, T., Frensch, P., Miiller, H., & Schubert, T. (2012b). Age- and practice-related influences on
dual-task costs and compensation mechanisms under optimal conditions of dual-task
performance. Aging, Neuropsychology, and Cognition, 19(1-2), 222-247.
https://doi.org/10.1080/13825585.2011.630973

Strobach, T., Wendt, M., & Janczyk, M. (2018). Editorial: Multitasking: Executive functioning in dual-
task and task switching situations. In Frontiers in Psychology (Vol. 9, Issue FEB).
https://doi.org/10.3389/fpsyg.2018.00108

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of Experimental
Psychology, 18(6), 643—662. https://doi.org/10.1037/h0054651

Stuss, D. T., & Alexander, M. P. (2000). Executive functions and the frontal lobes: a conceptual view.
Psychological Research, 63(3-4), 289-298. https://doi.org/10.1007/s004269900007

Stuss, D. T., Floden, D., Alexander, M. P., Levine, B., & Katz, D. (2001). Stroop performance in focal
lesion patients: Dissociation of processes and frontal lobe lesion location. Neuropsychologia,
39(8), 771-786. https://doi.org/10.1016/5S0028-3932(01)00013-6

Stuss, D. T., & Levine, B. (2002). Adult Clinical Neuropsychology: Lessons from Studies of the Frontal
Lobes. Annual Review of Psychology, 53(1), 401-433.
https://doi.org/10.1146/annurev.psych.53.100901.135220

Suchy, Y. (2009). Executive functioning: Overview, assessment, and research issues for non-
neuropsychologists. In Annals of Behavioral Medicine (Vol. 37, Issue 2, pp. 106—116).
https://doi.org/10.1007/5s12160-009-9097-4

Summers, M. J., & Saunders, N. L. J. (2012). Neuropsychological measures predict decline to
Alzheimer’s dementia from mild cognitive impairment. Neuropsychology, 26(4), 498-508.
https://doi.org/10.1037/a0028576

Sun, X., Zhang, X., Chen, X., Zhang, P., Bao, M., Zhang, D., Chen, J., He, S., & Hu, X. (2005). Age-
dependent brain activation during forward and backward digit recall revealed by fMRI.
Neurolmage, 26(1), 36—47. https://doi.org/10.1016/j.neuroimage.2005.01.022

Sundermann, E., Panizzon, M. S., Chen, X., Andrews, M., Galasko, D., Banks, S. J., & Neuroscience, C.
(2020). Sex differences in Alzheimer’s-related Tau biomarkers and a mediating effect of
testosterone (Under Review). https://doi.org/10.21203/rs.3.rs-23746/v1

Sung, J. E., Kim, J. H., Jeong, J. H., & Kang, H. (2012). Working memory capacity and its relation to
Stroop interference and facilitation effects in individuals with mild cognitive impairment.
American Journal of Speech-Language Pathology, 21(2), S166—S178.
https://doi.org/10.1044/1058-0360(2012/11-0101)

Page 320 of 359



Suzuki, M., Kawagoe, T., Nishiguchi, S., Abe, N., Otsuka, Y., Nakai, R., Asano, K., Yamada, M.,
Yoshikawa, S., & Sekiyama, K. (2018). Neural Correlates of Working Memory Maintenance in
Advanced Aging: Evidence From fMRI. Frontiers in Aging Neuroscience, 10(November).
https://doi.org/10.3389/fnagi.2018.00358

Swanberg, M. M., Tractenberg, R. E., Mohs, R., Thal, L. J., & Cummings, J. L. (2004). Executive
dysfunction in Alzheimer disease. Archives of Neurology, 61(4), 556-560.
https://doi.org/10.1001/archneur.61.4.556

Swick, D., Ashley, V., & Turken, U. (2011). Are the neural correlates of stopping and not going
identical? Quantitative meta-analysis of two response inhibition tasks. Neurolmage, 56(3),
1655-1665. https://doi.org/10.1016/j.neuroimage.2011.02.070

Sylvain-Roy, S., Lungu, O., & Belleville, S. (2015). Normal Aging of the Attentional Control Functions
That Underlie Working Memory. The Journals of Gerontology Series B: Psychological Sciences
and Social Sciences, 70(5), 698—708. https://doi.org/10.1093/geronb/gbht166

Szameitat, A. J., Hamaida, Y., Tulley, R. S., Saylik, R., & Otermans, P. C. J. (2015). “Women are better
than men”-Public beliefs on gender differences and other aspects in multitasking. PLoS ONE,
10(10), 2-6. https://doi.org/10.1371/journal.pone.0140371

Szameitat, A. J., Lepsien, J., Von Cramon, D. Y., Sterr, A., & Schubert, T. (2006). Task-order
coordination in dual-task performance and the lateral prefrontal cortex: An event-related fMRI
study. Psychological Research, 70(6), 541-552. https://doi.org/10.1007/s00426-005-0015-5

Szameitat, A. J., Schubert, T., & Miiller, H. J. (2011). How to test for dual-task-specific effects in brain
imaging studies - An evaluation of potential analysis methods. Neurolmage, 54(3), 1765-1773.
https://doi.org/10.1016/j.neuroimage.2010.07.069

Szameitat, A. J., Schubert, T., Miiller, K., & Von Yves Cramon, D. (2002). Localization of executive
functions in dual-task performance with fMRI. Journal of Cognitive Neuroscience, 14(8), 1184—
1199. https://doi.org/10.1162/089892902760807195

Szameitat, A. J., Vanloo, A., & Miiller, H. J. (2016). Central as well as Peripheral Attentional
Bottlenecks in Dual-Task Performance Activate Lateral Prefrontal Cortices. Frontiers in Human
Neuroscience, 10. https://doi.org/10.3389/fnhum.2016.00119

Szatkowska, |., Szymanska, O., Bojarski, P., & Grabowska, A. (2007). Cognitive inhibition in patients
with medial orbitofrontal damage. Experimental Brain Research, 181(1), 109-115.
https://doi.org/10.1007/s00221-007-0906-3

Taconnat, L., Raz, N., Toczé, C., Bouazzaoui, B., Sauzéon, H., Fay, S., & Isingrini, M. (2009). Ageing and
organisation strategies in free recall: The role of cognitive flexibility. European Journal of

Cognitive Psychology, 21(2-3), 347-365. https://doi.org/10.1080/09541440802296413

Page 321 of 359



Talwar, N., Churchill, N. W., Hird, M. A, Tam, F., Graham, S. J., & Schweizer, T. A. (2020). Functional
magnetic resonance imaging of the trail-making test in older adults. PLoS ONE, 15(5), 1-22.
https://doi.org/10.1371/journal.pone.0232469

Teffer, K., & Semendeferi, K. (2012). Human prefrontal cortex. Evolution, development, and
pathology. In Progress in Brain Research (1st ed., Vol. 195). Elsevier B.V.
https://doi.org/10.1016/B978-0-444-53860-4.00009-X

Telford, C. W. (1931). The refractory phase of voluntary and associative responses. Journal of
Experimental Psychology, 14, 1-36.

The Northern Brain Injury Association. (n.d.). Retrieved April 20, 2020, from http://nbia.ca/wp-
content/uploads/2014/03/brain-lobes-300x194.jpg

The Stroke Network. (n.d.). Retrieved April 20, 2020, from
http://www.strokenetwork.org/newsletter/articles/memory_files/image004.png

Tipper, S. P. (1985). The Negative Priming Effect. Inhibitory Priming By Ignored Objects. The
Quarterly Journal of Experimental Psychology, 37A, 571-590.

Tisserand, D. J., & Jolles, J. (2003a). On the involvement of prefrontal networks in cognitive ageing.
Cortex, 39(4-5), 1107-1128. https://doi.org/10.1016/S0010-9452(08)70880-3

Tisserand, D. J., & Jolles, J. (2003b). Special Issue on the Involvement of Prefrontal Networks. System,
2,1107-1128.

Tisserand, D. J., Van Boxtel, M. P. J., Pruessner, J. C., Hofman, P., Evans, A. C., & Jolles, J. (2004). A
voxel-based morphometric study to determine individual differences in gray matter density
associated with age and cognitive change over time. Cerebral Cortex, 14(9), 966-973.
https://doi.org/10.1093/cercor/bhh057

Toepper, M. (2017). Dissociating normal aging from Alzheimer’s disease: A view from cognitive
neuroscience. Journal of Alzheimer’s Disease, 57(2), 331-352. https://doi.org/10.3233/JAD-
161099

Toledo, J. B., Bjerke, M., Chen, K., Rozycki, M., Jack, C. R., Weiner, M. W., Arnold, S. E., Reiman, E. M.,
Davatzikos, C., Shaw, L. M., & Trojanowski, J. Q. (2015). Memory, executive, and multidomain
subtle cognitive impairment: Clinical and biomarker findings. Neurology, 85, 144—153.
https://doi.org/10.1212/WNL.0000000000001738

Tombaugh, T. N., McDowell, 1., Kristjansson, B., & Hubley, A. M. (1996). Mini-Mental State
Examination (MMSE) and the modified MMSE (3MS): A psychometric comparison and
normative data. Psychological Assessment, 8(1), 48-59. https://doi.org/10.1037/1040-
3590.8.1.48

Tombaugh, Tom N. (2004). Trail Making Test A and B: Normative data stratified by age and

Page 322 of 359



education. Archives of Clinical Neuropsychology, 19(2), 203-214.
https://doi.org/10.1016/50887-6177(03)00039-8

Tournier, |, Postal, V., & Mathey, S. (2014). Investigation of age-related differences in an adapted
Hayling task. Archives of Gerontology and Geriatrics, 59, 599-606.
https://doi.org/10.1016/j.archger.2014.07.016

Traykov, L., Baudic, S., Thibaudet, M. C., Rigaud, A. S., Smagghe, A., & Boller, F. (2002).
Neuropsychological deficit in early subcortical vascular dementia: Comparison to Alzheimer’s
disease. Dementia and Geriatric Cognitive Disorders, 14(1), 26-32.
https://doi.org/10.1159/000058330

Traykov, L., Raoux, N., Latour, F., Gallo, L., Baudic, S., Bayle, C., Wenisch, E., Remy, P., & Hanon, O.
(2007). Executive functions deficit in mild cognitive impairment. Cognitive and Behavioral
Neurology, 20(4), 219-224. https://doi.org/10.1097/WNN.0Ob013e31815e6254

Tromp, D., Dufour, A, Lithfous, S., Pebayle, T., & Després, O. (2015). Episodic memory in normal
aging and Alzheimer disease: Insights from imaging and behavioral studies. In Ageing Research
Reviews (Vol. 24, pp. 232-262). https://doi.org/10.1016/j.arr.2015.08.006

Tsang, P. S. (2013). Aging and Attentional Control. Quarterly Journal of Experimental Psychology
(Hove), 66(8), 1517-1547. https://doi.org/10.1080/17470218.2012.752019

Tse, C.S., Balota, D. A., Yap, M. J.,, Duchek, J. M., & McCabe, D. P. (2010). Effects of healthy aging and
early stage dementia of the alzheimer’s type on components of response time distributions in
three attention tasks. Neuropsychology, 24(3), 300-315. https://doi.org/10.1037/a0018274

Tsuchida, A., & Fellows, L. K. (2009). Lesion evidence that two distinct regions within prefrontal
cortex are critical for n-back performance in humans. Journal of Cognitive Neuroscience, 21(12),
2263-2275. https://doi.org/10.1162/jocn.2008.21172

Tsutsumimoto, K., Makizako, H., Shimada, H., Doi, T., & Suzuki, T. (2015). Set-Shifting Ability Is
Associated with Gray Matter Volume in Older People with Mild Cognitive Impairment.
Dementia and Geriatric Cognitive Disorders Extra, 5(3), 395-403.
https://doi.org/10.1159/000438721

Tucker-Drob, E. M. (2009). Differentiation of Cognitive Abilities Across the Life Span. Developmental
Psychology, 45(4), 1097-1118. https://doi.org/10.1037/a0015864

Tucker-Drob, E. M., & Salthouse, T. A. (2008). Adult Age Trends in the Relations Among Cognitive
Abilities. Psychology and Aging, 23(2), 453—460. https://doi.org/10.1037/0882-7974.23.2.453

Turken, A. U., Whitfield-Gabrieli, S., Bammer, R., Baldo, J. V., Dronkers, N. F., & Gabrieli, J. D. E.
(2008). Cognitive processing speed and the structure of white matter pathways: Convergent

evidence from normal variation and lesion studies. Neurolmage, 42(2), 1032-1044.

Page 323 of 359



https://doi.org/10.1016/j.neuroimage.2008.03.057

Turner, M. L., & Engle, R. W. (1989). Is working memory capacity task dependent? Journal of
Memory and Language, 28(2), 127-154. https://doi.org/10.1016/0749-596X(89)90040-5

Uddin, L. Q., Nomi, J. S., Hébert-Seropian, B., Ghaziri, J., & Boucher, O. (2017). Structure and
Function of the Human Insula. Journal of Clinical Neurophysiology, 34(4), 300-306.
https://doi.org/10.1097/WNP.0000000000000377

Ulep, M. G., Saraon, S. K., & MclLea, S. (2017). Alzheimer Disease. Journal for Nurse Practitioners,
14(3), 129-135. https://doi.org/10.1016/j.nurpra.2017.10.014

Ulmer, J. L., Klein, A. P., Mark, L. P, Tuna, I., Agarwal, M., & DeYoe, E. (2015). Functional and
Dysfunctional Sensorimotor Anatomy and Imaging. Seminars in Ultrasound, CT and MRI, 36(3),
220-233. https://doi.org/10.1053/j.sult.2015.05.014

United Nations. (2020). Ageing. United Nations. https://www.un.org/en/sections/issues-
depth/ageing/

Urbanowitsch, N., Degen, C., Toro, P., & Schréder, J. (2015). Neurological soft signs in aging, mild
cognitive impairment, and Alzheimer’s disease - the impact of cognitive decline and cognitive
reserve. Frontiers in Psychiatry, 6(FEB), 1-5. https://doi.org/10.3389/fpsyt.2015.00012

Uttl, B., & Graf, P. (1997). Color-Word Stroop test performance across the adult life span. Journal of
Clinical and Experimental Neuropsychology, 19(3), 405—420.
https://doi.org/10.1080/01688639708403869

Vallesi, A., Hasher, L., & Stuss, D. T. (2010). Age-Related Differences in Transfer Costs: Evidence From
Go/Nogo Tasks. Psychology and Aging, 25(4), 963—-967. https://doi.org/10.1037/a0020300

Van Asselen, M., & Ridderinkhof, K. R. (2000). Shift costs of predictable and unexpected set shifting
in young and older adults. In Psychologica Belgica (Vol. 40, Issue 4, pp. 259-273).
https://doi.org/10.5334/pb.966

Van der Linden, M, Collette, F., Salmon, E., Delfiore, G., Degueldre, C., Luxen, A., & Franck, G. (1999).
The neural correlates of updating information in verbal working memory. Memory, 7(5-6),
549-560. https://doi.org/10.1017/CB09781107415324.004

Van der Linden, Martial, Meulemans, T., Marczewski, P., & Collette, F. (2000). The relationships
between episodic memory, working memory, and executive functions: the contribution of the
prefrontal cortex. Psychologica Belgica, 40, 275-297.

Van Petten, C. (2004). Relationship between hippocampal volume and memory ability in healthy
individuals across the lifespan: Review and meta-analysis. Neuropsychologia, 42(10), 1394—
1413. https://doi.org/10.1016/j.neuropsychologia.2004.04.006

Vaughan, L., Basak, C., Hartman, M., & Verhaeghen, P. (2008). Aging and working memory inside and

Page 324 of 359



outside the focus of attention: Dissociations of availability and accessibility. Aging,
Neuropsychology, and Cognition, 15(6), 703—724.
https://doi.org/10.1080/13825580802061645

Vaughan, L., & Giovanello, K. (2010). Executive function in daily life: Age-related influences of
executive processes on instrumental activities of daily living. Psychology and Aging, 25(2), 343—
355. https://doi.org/10.1037/a0017729

Verhaeghen, P. (2011). Aging and Executive Control: Reports of a Demise Greatly Exaggerated.
Current Directions in Psychological Science, 20(3), 174—180.
https://doi.org/10.1016/j.physbeh.2017.03.040

Verhaeghen, P., & Basak, C. (2005). Ageing and switching of the focus of attention in working
memory: Results from a modified N-Back task. Quarterly Journal of Experimental Psychology
Section A: Human Experimental Psychology, 58(1), 134-154.
https://doi.org/10.1080/02724980443000241

Verhaeghen, P., & Cerella, J. (2002). Aging, executive control, and attention: a review of meta-
analyses. Neuroscience & Biobehavioral Reviews, 26(7), 849—-857.
https://doi.org/10.1016/50149-7634(02)00071-4

Verhaeghen, P., Steitz, D. W., Sliwinski, M. J., & Cerella, J. (2003). Aging and dual-task performance:
A meta-analysis. In Psychology and Aging (Vol. 18, Issue 3, pp. 443-460).
https://doi.org/10.1037/0882-7974.18.3.443

Vilkki, J., Virtanen, S., Surma-Aho, O., & Servo, A. (1996). Dual task performance after focal cerebral
lesions and closed head injuries. Neuropsychologia, 34(11), 1051-1056.
https://doi.org/10.1016/0028-3932(96)00028-0

Villemagne, V. L., Burnham, S., Bourgeat, P., Brown, B., Ellis, K. A., Salvado, O., Szoeke, C., Macaulay,
S. L., Martins, R., Maruff, P., Ames, D., Rowe, C. C., & Masters, C. L. (2013). Amyloid B
deposition, neurodegeneration, and cognitive decline in sporadic Alzheimer’s disease: A
prospective cohort study. The Lancet Neurology, 12(4), 357-367.
https://doi.org/10.1016/51474-4422(13)70044-9

Visser, P. J., Scheltens, P., Verhey, F. R. J., Schmand, B., Launer, L. J., Jolles, J., & Jonker, C. (1999).
Medial temporal lobe atrophy and memory dysfunction as predictors for dementia in subjects
with mild cognitive impairment. Journal of Neurology, 246(6), 477-485.
https://doi.org/10.1007/s004150050387

Von der Gablentz, J., Tempelmann, C., Minte, T. F., & Heldmann, M. (2015). Performance
monitoring and behavioral adaptation during task switching: An fMRI study. Neuroscience, 285,

227-235. https://doi.org/10.1016/j.neuroscience.2014.11.024

Page 325 of 359



Wager, T. D., Jonides, J., & Reading, S. (2004). Neuroimaging studies of shifting attention: A meta-
analysis. Neurolmage, 22(4), 1679—-1693. https://doi.org/10.1016/j.neuroimage.2004.03.052

Wager, T. D., & Smith, E. E. (2003). Neuroimaging studies of working memory: a meta-analysis.
Cognitive, Affective, & Behavioral Neuroscience, 3(4), 255-274.
https://doi.org/10.3758/CABN.3.4.255

Wager, T. D., Sylvester, C. Y. C.,, Lacey, S. C., Nee, D. E., Franklin, M., & Jonides, J. (2005). Common
and unique components of response inhibition revealed by fMRI. Neurolmage, 27(2), 323-340.
https://doi.org/10.1016/j.neuroimage.2005.01.054

Wagner, A. D., Shannon, B. J., Kahn, I., & Buckner, R. L. (2005). Parietal lobe contributions to episodic
memory retrieval. Trends in Cognitive Sciences, 9(9), 445-453.
https://doi.org/10.1016/].tics.2005.07.001

Wallis, G., Stokes, M., Cousijn, H., Mark Woolrich, & Nobre, A. C. (2015). Frontoparietal and Cingulo-
opercular Networks Play Dissociable Roles in Control of Working Memory. Journal of Cognitive
Neuroscience, 27(10), 2019-2034. https://doi.org/10.1162/jocn

Wang, B,, Li, P, Li, D., Niu, Y., Yan, T., Li, T., Cao, R,, Yan, P., Guo, Y., Yang, W., Ren, Y., Li, X., Wang, F.,
Yan, T., Wu, J., Zhang, H., & Xiang, J. (2018). Increased functional brain network efficiency
during audiovisual temporal asynchrony integration task in aging. Frontiers in Aging
Neuroscience, 10(OCT), 1-15. https://doi.org/10.3389/fnagi.2018.00316

Wang, C., Stebbins, G. T., Medina, D. A., Shah, R. C., Bammer, R., Moseley, M. E., & DeToledo-
Morrell, L. (2012). Atrophy and dysfunction of parahippocampal white matter in mild
Alzheimer’s disease. Neurobiology of Aging, 33(1), 43-52.
https://doi.org/10.1016/j.neurobiolaging.2010.01.020

Wang, P., Zhang, X., Liu, Y., Liu, S., Zhou, B., Zhang, Z., Yao, H., Zhang, X., & Jiang, T. (2013).
Perceptual and response interference in Alzheimer’s disease and mild cognitive impairment.
Clinical Neurophysiology, 124(12), 2389-2396. https://doi.org/10.1016/j.clinph.2013.05.014

Wang, P., Zhou, B., Yao, H., Xie, S., Feng, F., Zhang, Z., Guo, Y., An, N., Zhou, Y., Zhang, X., & Liu, Y.
(2020). Aberrant Hippocampal Functional Connectivity Is Associated with Fornix White Matter
Integrity in Alzheimer’s Disease and Mild Cognitive Impairment. Journal of Alzheimer’s Disease,
75(4), 1417-1435. https://doi.org/10.3233/JAD-200066

Wang, T., Shi, F., Jin, Y., Yap, P. T., Wee, C. Y., Zhang, J., Yang, C., Li, X,, Xiao, S., & Shen, D. (2016).
Multilevel Deficiency of White Matter Connectivity Networks in Alzheimer’s Disease: A
Diffusion MRI Study with DTI and HARDI Models. Neural Plasticity, 2016.
https://doi.org/10.1155/2016/2947136

Wang, Z., & Su, Y. (2013). Age-related differences in the performance of theory of mind in older

Page 326 of 359



adults: A dissociation of cognitive and affective components. Psychology and Aging, 28(1), 284—
291. https://doi.org/10.1037/a0030876

Ward, E. V., & Shanks, D. R. (2018). Implicit Memory and Cognitive Aging. In Oxford Research
Encyclopedia of Psychology. Oxford University Press.
https://doi.org/10.1093/acrefore/9780190236557.013.378

Waring, J. D., Greif, T. R., & Lenze, E. J. (2019). Emotional response inhibition is greater in older than
younger adults. Frontiers in Psychology, 10(APR), 1-13.
https://doi.org/10.3389/fpsyg.2019.00961

Wasylyshyn, C., Verhaeghen, P., & Sliwinski, M. J. (2011). Aging and Task Switching: A Meta-Analysis.
Psychology and Aging, 26(1), 15-20. https://doi.org/10.1037/a0020912

Wechsler, D. (1955). Wechsler Adult Intelligence Scale. Wechsler Adult Intelligence Scale (WAIS).

Wechsler, D. (1987). Manual for the Wechsler Memory Scale-Revised. The Psychological Corporation.

Wechsler, D. (2012). Manual for the Wechsler Adult Intelligence Scale — Fourth Edition. Psychological
Corp.

Wechsler, D., & De Lemos, M. M. (1981). Wechsler Adult Intelligence Scale-revised. 94—-104.
Wecker, N. S., Kramer, J. H., Hallam, B. J., & Delis, D. C. (2005). Mental flexibility: Age effects on
switching. Neuropsychology, 19(3), 345-352. https://doi.org/10.1037/0894-4105.19.3.345
Wecker, N. S., Kramer, J. H., Wisniewski, A., Delis, D. C., & Kaplan, E. (2000). Age effects on executive
ability. Neuropsychology, 14(3), 409—-414. https://doi.org/10.1037/0894-4105.14.3.409

Weinera, K. S., & Zilles, K. (2016). The anatomical and functional specialization of the fusiform gyrus.
Neuropsychologia., 83, 48—62. https://doi.org/10.1016/j.neuropsychologia.2015.06.033.The

Welford, A. T. (1952). The psychological refractory period and the timing of high- speed performance
- A review and a theory. British Journal of Social Psycholology, 43, 2—19.
https://doi.org/10.1111/j.2044-8295.1952.tb00322.x

West, R. L. (1996). An application of prefrontal cortex function theory to cognitive aging.
Psychological Bulletin, 120(2), 272-292. https://doi.org/10.1037/0033-2909.120.2.272

WHO. (2020). Dementia. World Health Organisation. https://www.who.int/news-room/facts-in-
pictures/detail/dementia

Williams, B. R., Ponesse, J. S., Schachar, R. J.,, Logan, G. D., & Tannock, R. (1999). Development of
inhibitory control across the life span. Developmental Psychology, 35(1), 205-213.
https://doi.org/10.1037/0012-1649.35.1.205

Wilson, B. A., Alderman, N., Burgess, P. W., Emslie, H., & Evans, J. J. (1996). BADS: Behavioural
assessment of the dysexecutive syndrome. Thames Valley Test Company.

Wise, S. P. (1999). The Prefrontal Cortex: Executive and Cognitive Functions edited by A.C. Roberts,

Page 327 of 359



T.W. Robbins and L. Weiskrantz. Trends in Cognitive Sciences, 3(7), 280.
https://doi.org/10.1016/s1364-6613(99)01348-0

Wong-Goodrich, S. J. E., DeRosa, H. J., & Kee, D. W. (2020). Dual-Task Paradigm Reveals Variation in
Left Hemisphere Involvement in Verbal Processing Across the Menstrual Cycle in Normally
Cycling Women. Psychological Reports, 123(6), 2372—-2393.
https://doi.org/10.1177/0033294119862992

Wongupparaj, P., Kumari, V., & Morris, R. G. (2015). The relation between a multicomponent
working memory and intelligence: The roles of central executive and short-term storage
functions. Intelligence, 53, 166—180. https://doi.org/10.1016/j.intell.2015.10.007

Woods, D. L., Kishiyama, M. M., Yund, E. W., Herron, T. J., Edwards, B., Poliva, O., Hink, R. F., & Reed,
B. (2011). Improving digit span assessment of short-term verbal memory. Journal of Clinical and
Experimental Neuropsychology, 33(1), 101-111.
https://doi.org/10.1080/13803395.2010.493149

Woods, D. L., Wyma, J. M., Herron, T. J., & Yund, E. W. (2015). The effects of aging, malingering, and
traumatic brain injury on computerized trail-making test performance. PLoS ONE, 10(6), 1-30.
https://doi.org/10.1371/journal.pone.0124345

World Health Organisation. (2020). Ageing and life-course: What is Healthy Ageing? World Health
Organisation. https://www.who.int/ageing/healthy-ageing/en/

Worringer, B., Langner, R., Koch, I., Eickhoff, S. B., Eickhoff, C. R., & Binkofski, F. C. (2019). Common
and distinct neural correlates of dual-tasking and task-switching: a meta-analytic review and a
neuro-cognitive processing model of human multitasking. Brain Structure and Function, 224(5),
1845-1869. https://doi.org/10.1007/s00429-019-01870-4

Wozniak, D., Harbaugh, W. T., & Mayr, U. (2014). The menstrual cycle and performance feedback
alter gender differences in competitive choices. Journal of Labor Economics, 32(1), 161-198.
https://doi.org/10.1086/673324

Wright, R. E. (1981). Aging, Divided Attention, and Processing Capacity. Journal of Gerontology,
36(5), 605-614.

Wu, T., Liu, J., Hallett, M., Zheng, Z., & Chan, P. (2013). Cerebellum and integration of neural
networks in dual-task processing. Neurolmage, 65, 466—475.
https://doi.org/10.1016/j.neuroimage.2012.10.004

Wylie, G., & Allport, A. (2000). Task switching and the measurement of “switch costs.” Psychological
Research, 63(3—4), 212—233. https://doi.org/10.1007/s004269900003

Wylie, S. A., Ridderinkhof, K. R., Eckerle, M. K., & Manning, C. A. (2007). Inefficient response

inhibition in individuals with mild cognitive impairment. Neuropsychologia, 45(7), 1408-1419.

Page 328 of 359



https://doi.org/10.1016/j.neuropsychologia.2006.11.003

Xie, S., Zhang, Z., Chang, F., Wang, Y., Zhang, Z., Zhou, Z., & Guo, H. (2016). Subcortical white matter
changes with normal aging detected by multi-shot high resolution diffusion tensor imaging.
PLoS ONE, 11(6), 1-14. https://doi.org/10.1371/journal.pone.0157533

Yang, F. P.G,, Bal,S. S, Lee, J. F., & Chen, C. C. (2021). White Matter Differences in Networks in
Elders with Mild Cognitive Impairment and Alzheimer’s Disease. Brain Connectivity, 11(3), 180-
188. https://doi.org/10.1089/brain.2020.0767

Yaple, Z. A., Stevens, W. D., & Arsalidou, M. (2019). Meta-analyses of the n-back working memory
task: fMRI evidence of age-related changes in prefrontal cortex involvement across the adult
lifespan. Neurolmage, 196(October 2018), 16—31.
https://doi.org/10.1016/j.neuroimage.2019.03.074

Yehene, E., Meiran, N., & Soroker, N. (2008). Basal ganglia play a unique role in task switching within
the frontal-subcortical circuits: evidence from patients with focal lesions. Journal of Cognitive
Neuroscience, 20(6), 1079—1093. https://doi.org/10.1162/jocn.2008.20077

Yeom, T. H., Park, Y. S., Oh, K. J.,, Kim, J. K., & Lee, Y. H. (1992). A manual for K-WAIS. Korean
Guidance.

Yesavage, J. A., Brink, T. L., Rose, T. L., Virwnia, H. ;, Adfy, M., & Leirer, V. O. (1983). Development
and Validation of a Geriatric Depression Screening Scale: A Prelimary Report. In J. psychial. Rex
(Vol. 17).

Yildiz, A., & Beste, C. (2015). Parallel and serial processing in dual-tasking differentially involves
mechanisms in the striatum and the lateral prefrontal cortex. Brain Structure and Function,
220(6), 3131-3142. https://doi.org/10.1007/s00429-014-0847-0

Yntema, D. B. (1963). Keeping track of several things at once. Human Factors, 5, 7-17.

Yochim, B., Baldo, J., Nelson, A., & Delis, D. C. (2007). D-KEFS Trail Making Test performance in
patients with lateral prefrontal cortex lesions. Journal of the International Neuropsychological
Society, 13(04). https://doi.org/10.1017/s1355617707070907

Yuan, B, Xie, C., & Zhang, Z. (2016). Mediation of Episodic Memory Performance by The Executive
Function Network in Patients with Amnestic Mild Cognitive Impairment: A Resting-State
Functional MRI Study. Alzheimer’s & Dementia, 12(40), P32—P32.
https://doi.org/10.1016/j.jalz.2016.06.044

Yuan, P., & Raz, N. (2014). Prefrontal cortex and executive functions in healthy adults: A meta-
analysis of structural neuroimaging studies. Neuroscience and Biobehavioral Reviews, 42, 180—
192. https://doi.org/10.1016/j.neubiorev.2014.02.005

Zamarian, L., Semenza, C., Domahs, F., Benke, T., & Delazer, M. (2007). Alzheimer’s disease and mild

Page 329 of 359



cognitive impairment: Effects of shifting and interference in simple arithmetic. Journal of the
Neurological Sciences, 263(1-2), 79—88. https://doi.org/10.1016/].jns.2007.06.005

Zamarian, L., Stadelmann, E., Nirk, H. C., Gamboz, N., Marksteiner, J., & Delazer, M. (2007). Effects
of age and mild cognitive impairment on direct and indirect access to arithmetic knowledge.
Neuropsychologia, 45(7), 1511-1521. https://doi.org/10.1016/j.neuropsychologia.2006.11.012

Zanto, T. P., & Gazzaley, A. (2019). Aging of the frontal lobe. In Handbook of Clinical Neurology (Vol.
163, pp. 369-389). https://doi.org/10.1016/B978-0-12-804281-6.00020-3

Zhang, Y., Han, B., Verhaeghen, P., & Nilsson, L. G. (2007). Executive functioning in older adults with
mild cognitive impairment: MCI has effects on planning, but not on inhibition. Aging,
Neuropsychology, and Cognition, 14(6), 557-570.
https://doi.org/10.1080/13825580600788118

Zheng, D., Dong, X., Sun, H., Xu, Y., Ma, Y., & Wang, X. (2012). The overall impairment of core
executive function components in patients with amnestic mild cognitive impairment: A cross-
sectional study. BMC Neurology, 12(138). https://doi.org/10.1186/1471-2377-12-138

Zheng, D., Sun, H., Dong, X., Liu, B, Xu, Y., Chen, S., Song, L., Zhang, H., & Wang, X. (2014). Executive
dysfunction and gray matter atrophy in amnestic mild cognitive impairment. Neurobiology of
Aging, 35(3), 548-555. https://doi.org/10.1016/j.neurobiolaging.2013.09.007

Zhou, A, & Jia, J. (2009). Different cognitive profiles between mild cognitive impairment due to
cerebral small vessel disease and mild cognitive impairment of Alzheimer’s disease origin.
Journal of the International Neuropsychological Society, 15(6), 898—905.
https://doi.org/10.1017/51355617709990816

Zhu, R., Luo, Y., Wang, Z., & You, X. (2020). Modality effects in verbal working memory updating:
Transcranial direct current stimulation over human inferior frontal gyrus and posterior parietal
cortex. Brain and Cognition, 145(September), 105630.
https://doi.org/10.1016/j.bandc.2020.105630

Zhu, Z., Hakun, J. G., Johnson, N. F., & Gold, B. T. (2014). Age-related increases in right frontal
activation during task switching are mediated by reaction time and white matter
microstructure. Neuroscience, 278(1), 51-61.
https://doi.org/10.1016/j.neuroscience.2014.07.076

Zhuang, L., Wen, W., Zhu, W., Trollor, J., Kochan, N., Crawford, J., Reppermund, S., Brodaty, H., &
Sachdeyv, P. (2010). White matter integrity in mild cognitive impairment: A tract-based spatial
statistics study. Neurolmage, 53(1), 16-25. https://doi.org/10.1016/j.neuroimage.2010.05.068

Zimmermann, N., Cardoso, C. de O., Kristensen, C. H., & Fonseca, R. P. (2017). Brazilian norms and

effects of age and education on the Hayling and Trail Making Tests. Trends in Psychiatry and

Page 330 of 359



Psychology, 39(3), 188—195.

Zinke, K., Zeintl, M., Rose, N. S., Putzmann, J., Pydde, A., & Kliegel, M. (2014). Working memory
training and transfer in older adults: Effects of age, baseline performance, and training gains.
Developmental Psychology, 50(1), 304-315. https://doi.org/10.1037/a0032982

Zuber, S, Ihle, A., Loaiza, V. M., Schnitzspahn, K. M., Stahl, C., Phillips, L. H., Kaller, C. P., & Kliegel, M.
(2019). Explaining age differences in working memory: The role of updating, inhibition, and

shifting. Psychology and Neuroscience, 12(2), 191-208. https://doi.org/10.1037/pne0000151

Page 331 of 359



1. Task Descriptions

Appendix

Task

Description

Dual-Tasking

Alphanumeric equation
task and a visual detection
DT (Compton & Logan,
1991; Logan, 1988)

Participants are required to perform an alphanumeric equation
while simultaneously responding to a colour change on a
computer screen.

Auditory discrimination
and visual identification
task (Bherer et al., 2006)

Participants are required to distinguish between low and high
pitch tones whilst identifying which of the two letters (B or C) is
presented on a computer screen.

Baddeley’s digit recall and
tracking task and its variant
(Baddeley et al., 1986)

In the recall condition participants must verbally repeat (i.e.
recall) a span of digits immediately following their presentation, in
the same order heard. Spans started with a one-digit length which
was increased by a digit after the participant had completed three
trials at that length. In the tracking condition, participants tracked
the path of a white square on a computer screen. Both task
conditions were performed separately and simultaneously.

Digit recall and tracking
task (Foley et al., 2013)

In the recall condition, a fixed span length for the participant is
used. This is previously established as the maximum span length
recalled during a 90 second single-task practice session. In the
tracking condition, participants are required to draw a line in
successive order through a series of 319 circles arranged along an
irregular path across a sheet of A3 paper with a pencil, as fast as
they can, from start to finish in 90 seconds. The tasks are
performed separately and simultaneously.

Della Sala DT (Della Sala et
al., 1995a)

Pen and paper version of Baddeley’s digit recall and tracking task
and its variant (Baddeley et al., 1986).

Psychological Refractory
paradigm (PRP) (Pashler,
1994; Welford, 1952)

Participants perform two speeded choice-response tasks, e.g. an
auditory and visual task or two visual tasks, etc at different
stimulus onset asynchronies (SOA, the time between the
presentation of the two task). Numerous SOAs may be used in a
task, i.e. SOA of Oms, 100ms, 200ms, etc.

The colour and letter dual-
task (Lagué-Beauvais et al.,
2015)

Participants are instructed to prioritise responding to the letter
task over the colour task during one block of trials. In another
block, both tasks are prioritised.

Test for Everyday Attention
(TEA) dual-task telephone
search subtest (Robertson
et al., 1994, 2001)

Participants are required to perform a visual scanning task where
they searched for a specific telephone code with a matching
symbol, and an auditory task, where they counted the number of
low frequency tones heard, in an audio of combined high and low
frequency tones. The tasks are normally performed separately
and simultaneously.

Visual and auditory
processing paradigm
(Dannhauser et al., 2005)

Two stimuli, a visual and auditory, are presented in alternating ON
and OFF periods. The visual stimulus consisted of a square black
and white chequerboard pattern that filled up the entire screen.
The squares were reversed at three distinct frequencies (2, 4, 8
Hz) for fixed periods of 16s alternating with 16s of cross-hair
fixation (OFF). The order of reversal frequencies was randomized
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within each set of three consecutive stimulation—fixation cycles.
The auditory stimulus consisted of a male voice reading a list of
nouns presented at three randomized word rates (30, 60, 90
words/min) for fixed epochs of 24s, alternating with 24 s of
silence (OFF).

Visual stimulus and
cognitive DT Makizako et al
(2013)

In the visual stimulus, participants are instructed to push a button
on the presentation of a bright red light, and in the cognitive test,
count backward to 1, where the starting point for counting was
selected randomly (from the numbers 100, 90, 80, 70, 60, 50, 40,
30 and 20) by the examiner.

DT word span task (Beni et
al., 1998)

Participants must verbally read the words presented aloud and to
press the animal key whenever they read an animal name. There
are three trials for each span size from two to eight.

Inhibition

Antisaccade task (Hallett,
1978; R. J. Roberts et al.,
1994).

In Sylvain-Roy et al (2015)’s version a visual cue was presented on
either the left or right of the screen followed immediately by a
target arrow, on the opposite side. The participants were required
to indicate the direction the arrow pointed. In Crawford et al
(2017)’s version, participants are required to gaze in the opposite
direction to a presented red dot. In the first modified version, a
memory-guided antisaccade task, participants were presented
with a randomly placed red dot as the target, along with four
adjacently placed green dots as distractors. Firstly, they were
instructed to gaze at the target in the first condition, then
secondly, they had to gaze at the location of the previously
presented target on a blank screen. In the second version of the
task, a go/no-go antisaccade task was used. The presentation of a
centrally placed red cross denoted a ‘no-go’ response, while a
green cross required a ‘go’ response.

Flanker task (Eriksen &
Eriken, 1974)

Participants requires to respond to a centrally placed stimulus
"flanked" by concurrently presented irrelevant stimuli (that can
be congruent or incongruent with the central stimuli), e.g. <<< <
<<< OF <<< > <<<,

Go/no-go task (Newman &
Kosson, 1986)

Participants are required to respond to the appearance of a
specific stimulus (‘go’ condition) but withhold responses on the
presentation of a different stimulus (‘no-go’ condition).

Emotional go/no-go task
(Waring et al., 2019)

The go/no-go task with the use of various facial expressions, i.e.
happy, sad, as stimuli.

Hayling Sentence
Completion Test (HSCT)
(Burgess & Shallice, 1997)

requires participants to complete a high cloze sentence with a
missing last word. In part A, the initiation section, the congruent
condition of the test, a related, expected word should be
provided. In part B, the inhibition section, the incongruent
condition, an unrelated, unexpected word should be provided.

Emotional HSCT (Dupart et
al., 2018)

Analog of the HSCT using emotionally charged sentences and
compared the words the participants produced as either
emotionally neutral, positive, or negative.

Stroop task (Stroop, 1935)

Participants must complete three sections each consisting of 100
items, a word naming (congruent), an ink colour naming
(congruent), and naming of the ink colour of the word
(incongruent). Participants perform these tasks as quickly as
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possible, usually within a specific timeframe, e.g. within 45
seconds per section.

Modified Stroop (Bohnen
et al., 1992)

Stroop task with an added a fourth condition where participants
were required to switch between naming the colour of the ink
and naming of ink colour of the word, i.e. the incongruent
condition.

Delis—Kaplan Executive
Function System Colour-
Word Interference test (D-
KES CWIT) (Delis et al.,
2001)

Stroop task with an added a fourth condition, where participants
instead switch between word naming (not colour naming) and
naming of the ink colour of the word.

Math Stroop (Zamarian,
Semenza, et al., 2007)

Participants must complete two mixed blocks of addition and
multiplication problems. With the addition sign they had to solve
as multiplication and vice versa.

Interference and Reverse
Stroop (Amieva, Lafont, et
al., 2004)

Briefer version of the Stroop, consisting of cards with colour
names (BLUE, RED, YELLOW, GREEN) printed in a contrasting ink.
In the Interference version, participants must identify the word,
and the Reverse version, participants must identify the ink colour.

Victoria Stroop (Spreen &
Strauss, 1998)

This is a briefer version of the traditional Stroop task, consisting of
three stimulus cards comprised of 24 items, where participants
are required to quickly name either the, 1) colour of dots (Dot
condition—Card, 1), 2) colour of the ink of the neutral words
printed (Word condition—Card 2), and 3) colour of the ink in
which the words (names) are printed (Interference condition—
Card 3).

Nonverbal Stroop task
(Pettigrew & Martin, 2014)

Task comprises three conditions, a neutral condition, where
participants were presented with a stimulus in the centre of a
computer screen, e.g. left-pointing arrow. In the congruent
condition, the stimulus is on the same side the arrow is pointing,
e.g. left-pointing arrow on the left side of the screen. In
incongruent condition, the stimulus is on the opposite size the
arrow is pointing, e.g. a left-pointing arrow on the right side of the
screen. The participants were required to respond with the
direction the arrow was pointing, right or left.

Picture-word interference
task (Lupker, 1979;
Schriefers et al., 1990)

This task involves the completion of two conditions, an
interference condition, where a picture is superimposed with a
distractor word from the same semantic category, and a non-
interference condition, where a picture is superimposed with a
distractor word from a different semantic category. Participants
were required to respond with what was seen in the picture,
while ignoring the word.

Negative priming (Tipper,
1985)

Participants are required to respond to a stimulus that was
previously presented as a distractor in trial (n), so becoming the
target.

Random number
generation task (Audiffren
et al., 2009)

Participants are required to produce a number between 1 and 9
verbally every time a computer-generated tone is heard,
approximately every second, such that a string of numbers is
generated randomly. 100 responses are recorded, usually within
100 seconds. The total adjacency score (%), i.e. the distribution of
adjacent digits (in ascending or descending series) from the
ordinal sequence of alternatives (i.e. 1-2; or 8-7-6) is measured.
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Successful performance requires the efficiency of two EFs, the
correct inhibition of overlearned schemas (i.e. counting) and
correct updating of WM.

Simon task (Simon, 1969)

Similar to the nonverbal Stroop minus the neutral condition,
where in response to the colour of the shape of a stimulus, i.e. a
red or green circle or square, participants had to respond left or
right.

Stop-signal task (Logan et
al., 1984; Williams et al.,
1999)

Participants must perform a specific task as quickly as they can
following the presentation of a ‘go’ signal and stop following a
‘stop’ signal during the duration of a trial.

Shifting

Behavioural Assessment of
the Dysexecutive
Syndrome rule shift cards
task (Wilson et al., 1996)

The task consists of 21 nonpictorial playing cards. In part 1,
participants are required to respond with “Yes” to a red card and
“No” to a black card. In the second part, a new rule is provided,
respond “Yes” if the presented card is the same color as the
previous turned card and “No” if the colour is different.
Therefore, participants had to modify their responses, inhibiting
their original response set and shift their thought process.

Design fluency test (Harter
et al., 1999; Jones-Gotman
& Milner, 1977)

Participants are to complete three test conditions to create
different designs in ‘n’ number of squares by using four straight
lines to connect. The first condition requires connecting filled
unnumbered dots within 60 seconds, 2) unfilled dots, and 3) the
shifting condition, alternate between connecting filled and
unfilled dots.

Dimension-switching task
(Albinet et al., 2012;
Monsell & Mizon, 2006;
Rogers & Monsell, 1995)

Participants are presented with the word, LEFT or RIGHT,
enclosed in a left or right arrow, presented above or below the
centre of a white screen. Depending on the location of the
presented stimulus, participants are required to respond with the
direction either printed in text (the word) or the direction of the
arrow. Participants completed word and arrow only task blocks,
as well as blocks of pseudo-randomly mixed word and arrow trial.

Trail making test (Reitan,
1992; Reitan & Wolfson,
1986)

This test encompasses two parts, in part A, the participant is
required to connect 25 numbered (1, 2, 3, etc) dots or circles, in
sequential order, and in part B, alternate between letters and
numbers in ascending order (1, A, 2, B, etc).

Alternating trail making
version (Schmitter-
Edgecombe & Sanders,
2009)

Analogous of the traditional trail making test part B.

Modified TMT part B test
(Chen et al., 2013)

Entails alternating connecting lines between numbers and
weekday circles, within 120 seconds.

Oral trail making test
(Bastug et al., 2013)

In part A, participants are instructed to verbally count from 1 to
25, and in part B, to alternate between counting numbers and
letters as seen in the paper version, 1-A-2-B, etc

Colour trails test (D’Elia et
al., 1996)

Analogous of the trial making test, was utilised by two studies,
Huang et al (2017) and McGuinness et al (2010), in AD
participants. It requires participants to complete two parts, in part
1, the participants connect circles numbered 1 to 25 in ascending
order, and part 2, connect the numbers 1 to 25 in order, but
alternate between two colours (i.e. 1-pink-2-blue-3-pink-, etc).
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Left-right shifting task
(Belleville et al., 2008)

Participants are required to identify one of two digits presented
on the left side of a screen in the first block, and on the right side
of a screen in the second block. In the shifting block, the target
number is randomly placed on either side of the screen and
indicated by a visual cue.

More-odd shifting task
(Salthouse et al., 1998;
Zheng et al., 2012)

Participants complete three task conditions, 1) respond either
“greater” or “less” if a red number presented on a screen is larger
or smaller then a five, respectively, 2) respond with “odd” or
“even” when the number is coloured green, and 3) a combination
of the conditions 1) and 2) in one block, where the participant is
cued to the task to perform.

Number-letter task (Rogers
& Monsell, 1995)

Participants are required to classify whether a number-letter pair
presented in one of four boxes in the centre of a computer screen
are either odd or even, or a vowel or consonant. More precisely,
whether the number is odd or even when the pair is seen in one
of the top two boxes, during the number task, or if the letter is a
vowel or consonant when the pair is seen in one of the bottom
two boxes, during the letter task.

Plus-minus task (Jersild,
1927; Miyake, Friedman, et
al., 2000; Spector &
Biederman, 1976)

Participants are required to complete three conditions, 1) to add a
specific number to every number presented, 2) subtracts a
specific number from every number presented, and 3) alternate
between adding and subtracting a specific number.

S-R compatibility switching
task (Albinet et al., 2012;
Monsell & Mizon, 2006;
Rogers & Monsell, 1995)

Participants are presented with a screen containing a white
frame. At the start of each trial, the white frame changes colour
to red or green. After a duration of 250ms or 1750mes, a left or
right pointing arrow is presented at a random location within the
frame. Participants are required to respond by pressing a button
located either on the side indicated by the arrow, when the frame
is green, or the opposite side, when the red frame. Participants
complete single blocks of one frame colour, and then mixed
blocks with both frame colour occurring pseudo-randomly.

Task switching paradigm
(Rogers & Monsell, 1995)

Participants are required to perform two conditions, a repetition
condition, where participants complete the same task repeatedly
in a block (two different tasks are completed), and a shifting
condition, where the completion of the two repetition tasks
presented pseudo randomly within the same block is required.

Visual elevator (Robertson
et al., 2001)

Part of the TEA, participants are required to count upwards or
downwards as they follow a series of visually presented numbers
corresponding to floors in an elevator. The task demands the
participants shift the direction of counting.

Wisconsin card sorting task
(Berg, 1948; Nelson, 1976)

Participants are presented with a number of stimulus cards with
sets of symbols that vary in colour, shape, and number (e.g. 3
green triangles or 2 yellow squares). They are instructed to
categorise them according to a particular dimension (i.e. colour,
shape or number). The category rule changes every time 10 (out
of a maximum of 128) response cards have been sorted correctly,
but the participants are unaware of this pattern.

Updating

(Alpha)bet span task
(Belleville et al., 1998;

Participants must either repeat a list of words in the same serial
order presented to them or mentally rearrange them into
alphabetical order.
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Craik, Bialystok, et al.,
2018)

Backward digit recall span
test (WAIS-R or WAIS-III)
(Egeland, 2015; P. T. Griffin
& Heffernan, 1983;
Wechsler, 2012)

Participants must immediately recall a list of digits previously
presented in reverse order. The span length ranges from two to
eight, and each length is completed twice.

Backward spatial span
(Wechsler, 1987)

Participants are required to recall various sequence spans
presented on a screen in reverse order.

Keep track task (Yntema,
1963)

Participants are required to keep track of 15 words presented in
sequential order and remember the last (most recent) word from
one of ‘n’ categories presented, e.g. colours or animals. They
must respond with the last word at the end of the trial. Sylvain-
Roy et al (2015)’s version, participants read a series of
semantically correct or anomalous sentences, and judge each, i.e.
with ‘yes’ or ‘no’, for semantic plausibility, in addition to
remembering the last word of the sentence. They must recall all
the words verbally at the end of each series, which varies from
two to five sentences of four blocks per series length.

Letter-number sequencing
(Egeland, 2015; Wechsler,
2012)

Participants must recall a sequence of previously presented
randomly mixed letters and numbers in sequential order, i.e.
letters alphabetically ordered first (A, B, C, etc), and then numbers
in ascending numerical order (1, 2, 3, etc).

Letter updating task was
employed by (Sylvain-Roy
et al., 2015)

Participants orally recalling the last consonant seen in a series of
consonants visually presented. The number of consonants to be
recalled is determined individually for the participant prior to the
start of the actual task, minus one item, during a practice session.
The participants are presented with a series of four different
lengths, 1) the participant’s span minus one, 2) the participant’s
span plus one, 3) the participant’s span plus three, and 4) the
participant’s span plus five items, randomly

N-back task (Jaeggi et al.,
2010; Kirchner, 1958)

Participants respond with the position of a stimulus presented on
a screen ‘n’ position(s) prior. In the non-spatial version,
participants are required to recognise a stimulus presented at ‘n’
screen positions prior. In the spatial version, the position on the
screen the stimulus is presented is required. For example, at O-
back trial, the position of the stimulus at 0 position (the present)
screen is required. During 1-back, the position a screen prior to
the present screen is required, and so on. The higher the n-back
position, the greater the WM demand. Thus, a 3-back task will
consist of the completion of the 0-, 1-, 2- and 3-back conditions.

Operation span (Turner &
Engle, 1989)

A mathematical operation, and an item (word or letter) are
presented to the participant. They must verbally say if the
operation is correct (i.e. true or false) and remember the item
presented. At the end of each trial, the participant must recall the
items in serial order. After three consecutive errors the task is
terminated. Typically, the task consists of 15 trials with two to six
operation-word pairs, 3 trials per length.

Random number
generation task (Baddeley,
1998)

Previously described under inhibition. It also assesses updating
ability by measuring the Redundancy score (%), which is based on
the rate on which individual digits are utilised. A score of 0%
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suggests no redundancy, i.e. good randomness, and no
repetitiveness of digits (e.g. 5,1, 7,9, 3, 6, 2, 4, 8), whilst a score
of 100% equates to complete redundancy, i.e. repeated use of the
same response choice, throughout (e.g. 1,1,1,1,1,1,1,1, 1, 1).

Reading span (Daneman &
A.Carpenter, 1980)

typically involves participants verbally read sentences and
remember the last word of each sentence in a set or block. They
must recall all the last words verbally in the order of each set. The
sentences get increasingly longer in a set until the participant fails
three in a row.

Spatial running span task
(Albinet et al., 2012;
Boucard et al., 2012;
Morris & Jones, 1990)

Participants are presented with an empty 4 x 4 matrixon a
computer screen, where sequences of six, eight, ten, or twelve
black dots are presented randomly in one of the 16 squares of the
matrix, at a rate of a dot every two seconds. No location is
repeated in the sequence, and the sequence length is never
known. Participants are required to recall the last four dot
locations at the end of each sequence in strict forward serial recall
order using a computer mouse. They must complete twelve
sequences, three for each length.

Tone-monitoring task
(Larson et al., 1988;
Miyake, Friedman, et al.,
2000)

requires participants to keep track of the number of a series low,
medium, high pitch tones presented randomly. The participants
are instructed to press an appropriate keyboard button when
they heard three tones of the same pitch.

Verbal running span task
(Albinet et al., 2012;
Boucard et al., 2012;
Morris & Jones, 1990)

Participants are presented with a list of six, eight, ten, and twelve
consonants on a computer screen, every two seconds.
Participants are instructed to recall the last four consonants at the
end of each sequence, strict forward serial recall. The sequence
length is never known. They must complete twelve sequences,
three for each length.

Word backward span
(Yeom et al., 1992)

Essentially the same as the backward digit span but with words
instead of digits. Participants are read various increasing span
lengths of words and required to immediately verbally recall the
span of words in reverse order.
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2. Cognitive Abilities Study Recruitment Questionnaire

Q1 Who is completing this questionnaire?

Myself

Individual on the volunteer's behalf. Please specify e.g. spouse, friend, sibling, and note that all
responses to the following questions refer to the study recruitment volunteer only.

Q2 What is your title?

Ms

Miss

Mrs

Mr

Dr

Other, please specify

Q3 Full name (first, last)

Q4 Address

Q5 Email address

Q6 Contact number

Q7 What borough do you reside in?
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Ealing

Harrow

Hillingdon

South Bucks

Other, please specify

Q8 Date of Birth (day, month, year)

Q9 Age

Q10 City, Country of birth

Q11 Gender
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Male

Female

Q12 Nationality

British

Other, please specify

Q13 Ethnicity

Asian, Indian

Asian, Pakistani

Asian, other, please specify

Biracial, please specify

Black, African

Black, Caribbean

Black, other, please specify

White, British

White, other, please specify

Other, please specify
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Q14 Marital Status

Single

Civil Partnership

Married

Divorced

Widow(er)

Other, please specify

Q15 Do you have children?

No

Yes, how many?

Q16 How tall are you? (In feet and inches, where 1 foot = 30cm and 1 inch = 2.54cm)

Q17 How much do you weigh? (In stones and pounds, where 1 stone = 6.35kg)

Q18 What is your native/first language?

English

Other, please specify

Q19 Are you fluent in another language?

No

Yes, please give details of language(s) and level of fluency, i.e. verbally fluent in Welsh
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Q20 Do you have any difficulty reading or writing (dyslexia, dyspraxia, etc.)?

No

Yes, please specify

Q21 What is your highest level of education?

O-Levels/GCSEs or equivalent (Secondary/High School leaver)

Vocational qualification, please specify

A-Levels or equivalent (Sixth Form/College leaver)

Higher National Diploma (HND)/No degree but attended university

Bachelor’s degree

Master’s degree

Doctorate degree

Professional degree, please specify

Q22 What is your current job? (If retired, last job before retirement, if studying, write ‘student’ and give details
of area of study, i.e. BSc Psychology student, etc)

Q23 Are you right or left handed, or both?

Right

Left

Both

Q24 Do you exercise regularly?

No

Yes. Please give details; type of exercise and average hours per week
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Q25 What is your average number of hours of sleep per night?

Q26 Do you or have you ever smoked nicotine (cigarettes)?

No

Yes, currently. Please give the following details: For how many years?, how many cigarettes/per day?

Yes, previously. Please give the following details: How long ago?, for how many years?, how many
cigarettes/per day?

Q27 Have you used any recreational drugs in the last 30 days? e.g. cocaine, marijuana, ecstasy etc.

No

Yes

Q28 Do you or have you ever regularly consumed caffeine, e.g. coffee, tea, soft drinks/soda, sports drinks?

No

Yes, currently. Please give the following details: How much and how often in a week?

Yes, previously. Please give the following details: How long ago?, for how many years?, how much
and how often in a week?

Q29 Do you or have you ever regularly consumed alcohol?

No

Yes, currently. Please give the following details: How much?, how often?

Yes, previously. Please give the following details: How long ago?, for how many years?, how much?,
how often?
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Q30a Do you suffer from any of the following?

Yes No

Anxiety

Blackouts or dizzy spells

Claustrophobia

Colour blindness

Depression

Hearing problems

Vision problems

Q30b If you answered yes to any condition in Q30a, please give details with dates, medication(s).

Q31a Have you ever suffered or been diagnosed/treated for the following?

Yes No

Memory problems

Mild Cognitive Impairment

Alzheimer’s Disease

Lewy Body Disease

Parkinson’s Disease

Q31b If you answered yes to any condition in Q31a, please give details with dates, medication(s).
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Q31c In regards to Q31a, do you have a family history of any of these conditions? please give details

Q32a Have you ever suffered from or been diagnosed/treated for the following?

Yes No

A psychiatric condition

Cancer

Diabetes

Epilepsy

Hypertension

Rheumatoid Arthritis

Stroke

Traumatic brain injury

Q32b If you answered yes to any condition in Q32a, please give details with dates, medication(s).

Q33 Do you any other condition or disability not already mentioned?
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3. Participant Information Sheet (PIS)
a. Study 1, Young Adults

College of Health and Life Sciences
Department of Life Sciences

PARTICIPANT INFORMATION SHEET

Study title
Executive Function and Dual-task Abilities.

Invitation Paragraph

You are being invited to participate in a research study to be conducted at
Brunel University. Before you make your decision to take part, it is important
for you to understand why the research is being done and what it will involve.

Please take time to read the following information carefully and discuss it with
your relatives and/or friends if you wish.

Please let us know if there is anything that is unclear or if you would like more
information. Thank you for reading this. You will be given a copy of this
information to keep.

What is the purpose of the study?

The aim of this study is to investigate a certain type of cognitive processes
called executive functions (EFs) in different populations, i.e. in young adults
and elderly individuals.

Why have | been invited to participate?

Across the different populations, we aim to test 120 participants. You have been
invited to take part because you meet the study inclusion criteria, such as being
in a certain age group.

Do | have to take part?

No, study participation is completely voluntarily and you can withdraw from
participation at any time without giving a reason. If you decide to take part then
you will be asked to sign a consent form.

What will happen to me if | take part?
The study will consist of one to three sessions.
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In the first session, the screening visit, you will be asked to fill out some
questionnaires and to perform some paper-and-pencil and verbal tasks and tests.

Depending on the outcome of this session, you might be invited to a second and
third session where you again will be asked to complete some paper-and-pencil
and verbal tasks and tests. In addition, you will be asked to perform some tasks
and tests on a standard computer, using a computer keyboard to respond.

Finally, we might invite you to participate in a further study involving brain
Imaging (magnetic resonance imaging, MRI). However, this would constitute a
separate study, in which participation is voluntary again. If you agree to
participate in the brain imaging study, you will be given further information.

What do | have to do?
You do not have to do anything to prepare for this study.

What are the possible disadvantages and risks of taking part?
There are no known risks or disadvantages in completing any of the tasks and
questionnaires in the study.

What if something goes wrong?

In the unfortunate event of something going wrong, you can withdraw from the
study at any time and/or seek advice from Dr Andre Szameitat, Reader in
Psychology, Senior Tutor (Division of Psychology),
andre.szameitat@brunel.ac.uk or submit a complaint to Professor Christina
Victor, Chair College of Health and Life Sciences Research Ethics Committee
christina.victor@brunel.ac.uk.

Will my taking part in this study be kept confidential?

All information which is collected about you during the course of the research
will be kept strictly confidential. Any information about you which leaves the
University will be anonymised, which means it will have personal information
such as your name and address removed so that you cannot be identified from it.

What will happen to the results of the research study?

The research data will be coded (for anonymity) and analysed by the
researcher(s) before being reported. The results will be disseminated, for
instance at public talks, conferences, in scientific journals, and/or social media.
The anonymised research data may be analysed and reported for purposes not
related to this study. The anonymised research data may also be shared with
other researchers, and/or made available as “open data”. This means the data
will be publicly available and may be used for purposes not related to this study.
However, it will not be possible to identify you from these data, which means
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that at no point will any uniquely identifiable data be shared. The data will be
stored by the lead researcher for a period of at least ten years from completion
of the project (subject to any legal, ethical or other requirements of the funding
body). If you take part in this research, you can obtain a copy of the publication
by contacting the researcher. You may withdraw your data, without giving a
reason, until the point at which your data is anonymised, the results of the study
are published in any form, and/or until the point at which your data is made
publicly available in an anonymised form.

Who is organising and funding the research?

The research is organised by Ms Mojitola Idowu, PhD student at Brunel
University London, mojitola.idowu@brunel.ac.uk). This research does not
receive any external funding.

What are the indemnity arrangements?

Brunel University London holds insurance policies which apply to this study. If
you can demonstrate that you experienced harm as a result of your participation
in this study, you may be able to claim compensation. Please contact Prof Peter
Hobson, the Chair of the University Research Ethics committee
(peter.hobson@brunel.ac.uk) if you would like further information about the
insurance arrangements which apply to this study.

Who has reviewed the study?
This study has been reviewed by the College Research Ethics Committee.

Brunel University’s commitment to the UK Concordat on Research
Integrity

Brunel University is committed to compliance with the Universities UK
Research Integrity Concordat. You are entitled to expect the highest level of
integrity from our researchers during the course of their research.

Contact for further information and complaints

For general information

Ms Mojitola Idowu (PhD Student), mojitola.idowu@brunel.ac.uk and

Dr Andre Szameitat (Supervisor), Reader in Psychology, Senior Tutor (Division
of Psychology), andre.szameitat@brunel.ac.uk, 01895 267387.

For complaints and questions about the conduct of the Research

Professor Christina Victor, Chair College of Health and Life Sciences Research
Ethics Committee christina.victor@brunel.ac.uk.

Thank you very much for your participation!
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b. Study 2, Older Adults

College of Health and Life Sciences
Department of Life Sciences

PARTICIPANT INFORMATION SHEET

Study title
Executive Function and Dual-task Abilities in the Elderly.

Invitation Paragraph

You are being invited to participate in a research study organised by Brunel
University. Before you make your decision to take part, it is important for you
to understand why the research is being done and what it will involve.

Please take time to read the following information carefully and discuss it with
your relatives and/or friends if you wish.

Please let us know if there is anything that is unclear or if you would like more
information. Thank you for reading this. You will be given a copy of this
information to keep.

What is the purpose of the study?

The aim of this study is to investigate a certain type of cognitive processes
called executive functions (EFs) in different populations, i.e. in young and
elderly individuals.

Why have | been invited to participate?

Across the different populations, we aim to test 120 participants. You have been
invited to take part because you meet the study inclusion criteria, such as being
In a certain age group.

Do | have to take part?

No, study participation is completely voluntarily and you can withdraw from
participation at any time without giving a reason. If you decide to take part then
you will be asked to sign a consent form.

What will happen to me if | take part?
The study will consist of one to three sessions.
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In the first session, the screening visit, you will be asked to fill out some
questionnaires and to perform some paper-and-pencil and verbal tasks and tests.

Depending on the outcome of this session, you might be invited to a second
(and third) session where you again will be asked to complete some paper-and-
pencil and verbal tasks and tests. In addition, you will be asked to perform
some tasks and tests on a standard computer, using a computer keyboard to
respond.

Finally, we might invite you to participate in a further study involving brain
Imaging (magnetic resonance imaging, MRI). However, this would constitute a
separate study, in which participation is voluntary again. If you agree to
participate in the brain imaging study, you will be given further information.

What do | have to do?
You do not have to do anything to prepare for this study.

What are the possible disadvantages and risks of taking part?
There are no known risks or disadvantages in completing any of the tasks and
questionnaires in the study.

What if something goes wrong?

In the unfortunate event of something going wrong, you can withdraw from the
study at any time and/or seek advice from Dr Andre Szameitat, Reader in
Psychology, andre.szameitat@brunel.ac.uk or submit a complaint to Professor
Christina Victor, Chair College of Health and Life Sciences Research Ethics
Committee christina.victor@brunel.ac.uk.

Will my taking part in this study be kept confidential?

All information which is collected about you during the course of the research
will be kept strictly confidential. Any information about you which leaves the
University will be anonymised, which means it will have personal information
such as your name and address removed so that you cannot be identified from it.

What will happen to the results of the research study?

The research data will be coded (for anonymity) and analysed by the
researcher(s) before being reported. The results will be disseminated, for
instance at public talks, conferences, in scientific journals, and/or social media.
The anonymised research data may be analysed and reported for purposes not
related to this study. The anonymised research data may also be shared with
other researchers, and/or made available as “open data”. This means the data
will be publicly available and may be used for purposes not related to this study.
However, it will not be possible to identify you from these data, which means
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that at no point will any uniquely identifiable data be shared. The data will be
stored by the lead researcher for a period of at least ten years from completion
of the project (subject to any legal, ethical or other requirements of the funding
body). If you take part in this research, you can obtain a copy of the publication
by contacting the researcher. You may withdraw your data, without giving a
reason, until the point at which your data is anonymised, the results of the study
are published in any form, and/or until the point at which your data is made
publicly available in an anonymised form.

Who is organising and funding the research?

The research is organised by Ms Mojitola Idowu, PhD student at Brunel
University London, mojitola.idowu@brunel.ac.uk). This research does not
receive any external funding.

What are the indemnity arrangements?

Brunel University London holds insurance policies which apply to this study. If
you can demonstrate that you experienced harm as a result of your participation
in this study, you may be able to claim compensation. Please contact Prof Peter
Hobson, the Chair of the University Research Ethics committee
(peter.hobson@brunel.ac.uk) if you would like further information about the
insurance arrangements which apply to this study.

Who has reviewed the study?
This study has been reviewed by the Brunel University, College of Health and Life
Sciences Research Ethics Committee.

Brunel University’s commitment to the UK Concordat on Research
Integrity

Brunel University is committed to compliance with the Universities UK
Research Integrity Concordat. You are entitled to expect the highest level of
integrity from our researchers during the course of their research.

Contact for further information and complaints

For general information

Ms Mojitola Idowu (PhD Student), mojitola.idowu@brunel.ac.uk and
Dr Andre Szameitat (Supervisor), Reader in Psychology,
andre.szameitat@brunel.ac.uk, 01895 267387.

For complaints and questions about the conduct of the Research
Professor Christina Victor, Chair College of Health and Life Sciences Research
Ethics Committee christina.victor@brunel.ac.uk.

Thank you very much for your participation!
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4. Consent form
a. Study 1, Young Adults
College of Health and Life Sciences
Department of Life Sciences
CONSENT FORM
Executive Function and Dual-task Abilities
The participant should complete the whole of this
sheet
Please tick
the
appropriate
box
YES |NO

Have you read the Research Participant Information
Sheet?

Have you had an opportunity to ask questions and
discuss this study?

Have you received satisfactory answers to all your
guestions?

Who have you spoken to?

Do you understand that you will not be referred to by
name in any report concerning the study?

Do you understand that you are free to withdraw from the study:
e atany time?
e without having to give a reason for withdrawing?
Do you agree to take part in this study?

Do you agree that we may contact you in the future to
participate in related follow-up studies?
Signature of Research Participant:
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Date:

Name in capitals:

| am satisfied that the above-named has given informed consent.

Witnessed by:

Date:

Name in capitals:

Researcher name: Ms Mojitola | Signature:
Idowu

Supervisor name: Dr Andre Signature:
Szameitat
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b. Study 2, Older Adults

College of Health and Life Sciences
Department of Life Sciences

CONSENT FORM

¥ | Brunel
m; University

London

Executive Function and Dual-task Abilities in the Elderly.

The participant should complete the whole of this
sheet

Please tick
the
appropriate
box

YES |NO

Have you read the Research Participant Information
Sheet?

Have you had an opportunity to ask questions and
discuss this study?

Have you received satisfactory answers to all your
guestions?

Who have you spoken to?

Do you understand that you will not be referred to by
name in any report concerning the study?

Do you understand that you are free to withdraw from the study:

e atany time?

e Wwithout having to give a reason for withdrawing?

Do you agree to take part in this study?

Do you agree that we may contact you in the future to
participate in related follow-up studies?

Signature of Research Participant:
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Date:

Name in capitals:

| am satisfied that the above-named has given informed consent.

Witnessed by:

Date:

Name in capitals:

Researcher name: Ms Mojitola | Signature:
Idowu

Supervisor name: Dr Andre Signature:
Szameitat
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5. Debrief form
a. Study 1, Young Adults

College of Health and Life Sciences

Department of Life Sciences
Division of Psychology

Debrief form

Executive Function and Dual-task Abilities

We would like to take this opportunity to say Thank You for taking the time to
participate in this study.

Please be assured, all data collected will be treated in the strictest confidence.
You are free to withdraw your data from the research at any time by
contacting

Ms Mojitola Idowu, Mojitola.ldowu@brunel.ac.uk or

Dr Andre Szameitat, Andre.Szameitat@brunel.ac.uk.

You may withdraw your data, without giving a reason, until the point at which
your data is anonymised, the results of the study are published in any form,
and/or until the point at which your data is made publicly available in an
anonymised form.

The completed research will help to gain an understanding of cognitive
capacity in the cognitively healthy young and elderly populations, and the
cognitively impaired elderly population. Specifically, how certain executive
functions, i.e. inhibition, shifting and working memory updating, as well as
dual-task ability is affected in the mild cognitive impaired (MCl) and
Alzheimer’s disease (AD) populations. You were chosen to take part in this
study because you are aged 18 years or older, and are either cognitively
healthy or a sufferer of MCl or AD.
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If you were unduly or unexpectedly affected by taking part in the study please
feel free to feed it back to the researcher. If you feel unable for whatever
reason what-so-ever to talk with the researcher then please contact either Dr
Andre Szameitat (Andre.Szameitat@brunel.ac.uk 01895 267387), Dr Janine
Spencer (Janine.Spencer@brunel.ac.uk 01895 265474) or the Division of
Psychology Research ethics coordinators Achim.Schuetzwohl@brunel.ac.uk
01895 266367, or Noam.Sagiv@brunel.ac.uk 01895 265341.

The following support services may be of interest to you:

SEN Learning Support Services
London Borough of Hillingdon
Civic Centre

Uxbridge

Middlesex

uUB8 1UW

T: 01895 812164

Samaritans of Hillingdon
2 Press Road

Uxbridge

Middlesex

UBS8 1AT

T: 01895 253355

Teacher Support
https://www.teachersupport.info/facts-sheets/coping-stress
24/7T: 08000 562 561

The Education Union
http://www.atl.org.uk/
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b. Study 2, Older Adults

College of Health and Life Sciences
Department of Life Sciences
Division of Psychology

Debrief form

Executive Function and Dual-task Abilities

We would like to take this opportunity to say Thank You for taking the time to
participate in this study.

Please be assured, all data collected will be treated in the strictest confidence.
You are free to withdraw your data from the research by contacting

Ms Mojitola Idowu, Mojitola.ldowu@brunel.ac.uk or

Dr Andre Szameitat, Andre.Szameitat@brunel.ac.uk.

You may withdraw your data, without giving a reason, until the point at which
your data is anonymised, the results of the study are published in any form,
and/or until the point at which your data is made publicly available in an
anonymised form.

The completed research will help to gain an understanding of cognitive
capacity in the cognitively healthy young and elderly populations, and the
cognitively impaired elderly population. Specifically, how certain executive
functions, i.e. inhibition, shifting and working memory updating, as well as
dual-task ability is affected in the mild cognitive impaired (MCl) and
Alzheimer’s disease (AD) populations. You were chosen to take part in this
study because you are aged 18 years or older, and are either cognitively
healthy or a sufferer of MCl or AD.

If you were unduly or unexpectedly affected by taking part in the study please
feel free to feed it back to the researcher. If you feel unable for whatever
reason what-so-ever to talk with the researcher then please contact either Dr
Andre Szameitat (Andre.Szameitat@brunel.ac.uk 01895 267387), Dr Janine
Spencer (Janine.Spencer@brunel.ac.uk 01895 265474) or the Division of
Psychology Research ethics coordinators Achim.Schuetzwohl@brunel.ac.uk
01895 266367, or Noam.Sagiv@brunel.ac.uk 01895 265341.
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