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Abstract
The development of targeted cognitive interventions for amnestic Mild Cognitive
Impairment (aMCI) hinges on a greater understanding of spontaneous memory strategy
use in aMCI and the cause of any reduction in strategy use. Although preliminary
evidence exists for deficient use of an internal memory strategy, it remains unclear
whether this reflects a generalised reduction in strategy use or is specific to the selfreliant and cognitively demanding nature of internal strategies (with use of external
strategies spared). Furthermore, little is known regarding the factors impacting on
strategy use or the relationship between strategy use and memory performance. The aims
of the current research were to: a) evaluate self-reported and observed use of internal and
external memory strategies in aMCI and healthy older adult (HOA) groups; b) investigate
the relationship between strategy use and memory performance and; c) examine factors
impacting on strategy use. The first two aims were addressed across three studies. In
addition, the first study (comprising 37 aMCI and 52 HOA participants) and second
study (comprising an independent sample of 60 aMCI and 60 HOA participants)
examined how strategy knowledge and control beliefs, respectively, impact on strategy
use and memory performance. The third study examined the role of executive attention in
strategy use with a sample combined from the first two studies. Despite self-reporting
equivalent use of both internal and external strategies to HOA, aMCI participants
demonstrated deficient use of two internal strategies but not of an external strategy.
Strategy use was weakly related to strategy knowledge for both groups and only
significantly related to beliefs about the controllability of memory in the HOA group.
Although executive attention ability significantly predicted internal strategy use for both
groups, the small effect size suggests that reduced cognitive capacity cannot entirely
account for the reduction in internal memory strategy use in aMCI.
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Chapter 1. Use of Memory Strategies in Amnestic Mild Cognitive
Impairment and Healthy Aging: a Review of the Literature and
Rationale for the Current Research

1.1 Thesis Overview
The research reported in this thesis pertains to the use of memory strategies in
amnestic Mild Cognitive Impairment (aMCI), the relationship between strategy use and
memory performance, and factors that might predict memory strategy use in this
population. This information is critical to the development of targeted cognitive
interventions for aMCI and consequently to the improvement of symptom management,
functional independence, and quality of life for persons affected by aMCI. The first
chapter of this thesis provides a review of the literature regarding the concept of aMCI
and the associated memory deficits. In addition, this chapter examines the literature
regarding spontaneous use of memory strategies in both aMCI and typical aging, as well
as the evidence for three factors that could account for a decrease in memory strategy use
in aMCI (a reduction in strategy knowledge, changes in memory control beliefs, and
impaired executive attention). The chapter concludes with the rationale and aims for the
present research. The subsequent three chapters (Chapters 2, 3, and 4) detail the three
research studies conducted. Study 1 has been published (the publication details are
provided in Chapter 2), Study 2 has been submitted for publication, and Study 3 has been
prepared for publication. All of these studies compared strategy use in an aMCI group
with a healthy older adult group and each examined one of the three factors proposed to
influence strategy use in aMCI (strategy knowledge, control beliefs, and executive
attention respectively). Of note, the participants comprising the samples for the first two
studies were entirely independent of one another, while the third study involved a
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combination of participants from the first two studies. Although this method of
presentation results in some inevitable repetition across the chapters, this has been
minimised wherever possible. The final chapter (Chapter 5) synthesises the findings of
the three studies, discusses the results of the studies in the context of the pre-existing
literature, and considers the theoretical and clinical implications of these findings. In
addition, the strengths and limitations of the current research are noted and possible
avenues for future research suggested.
1.2 Dementia and Mild Cognitive Impairment: An Important Area of Research
Globally, the prevalence of dementia has been predicted to double approximately
every decade (Ferri et al., 2005; Prince & Jackson, 2009). Although the steepest
increases in prevalence have been predicted in low and middle-income countries, within
Australia it has been estimated that the number of individuals diagnosed with dementia
will rise from approximately 266,000 in 2011 to almost 950,000 by 2050 (Deloitte
Access Economics, 2011). The economic impact of dementia is huge, equating to
approximately 1% of the world’s gross domestic product (Wimo & Prince, 2010), and
although more difficult to quantify, the social, personal, and emotional ramifications are
clearly substantial. Nevertheless, Prince, Bryce, and Ferri (2011) have recently suggested
that early intervention can reduce the costs associated with dementia, as well as caregiver
burden, and the impact of symptoms for the individual (e.g., by improving mood and
cognitive functioning, and delaying institutionalisation). These findings provide a strong
impetus for research into early intervention techniques for dementia.
Dementia is a syndrome characterised by a decline in functioning across multiple
cognitive domains (necessarily including memory) that leads to impairment in social or
occupational functioning (Diagnostic and Statistical Manual of Mental Disorders IV,
American Psychiatric Association (APA), 2000). The term dementia encompasses a
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range of conditions, which are distinguished on the basis of the underlying pathology.
Although early in the disease process these conditions can differ in terms of
neuropsychological presentation, and patterns and rates of decline, they are often
indistinguishable once the pathology becomes more widespread; eventuating in global
cognitive decline, neuropsychiatric and behavioural changes, and ultimately death
(Lezak, Howieson, & Loring, 2004).
The most common type of dementia is Alzheimer’s disease (AD), which accounts
for approximately 50-75% of diagnosed cases of dementia (Rabins et al., 2007).
Clinically, AD is characterised by an insidious onset (usually occurring after 60 years of
age) and progressive cognitive decline; the most common presentation includes a
fundamental impairment in memory combined with deficits in one or more other
cognitive domains, although non-amnestic presentations are possible (APA, 2000;
McKhann et al., 2011; Rabins et al., 2007). While the hallmark memory deficit is usually
the earliest recognisable symptom, impairments in other cognitive functions (e.g., verbal
fluency, higher order attention, and other executive functions) have also been identified
early in the condition and become increasingly apparent as the disease progresses
(Albert, Moss, Tanzi, & Jones, 2001; Grady et al., 1988; Haxby et al., 1990; Murphy,
Rich, & Troyer, 2006; Rabins et al., 2007).
The pattern and severity of cognitive symptoms at different stages of the disease
presumably reflect the underlying neuropathology. The hallmark neuropathological
features of AD are the presence of senile plaques (resulting from the accumulation of
extracellular deposits of β-amyloid peptides) and neurofibrillary changes (most clearly
manifested as neurofibrillary tangles (NFTs), Montine et al., 2012). Although in vivo
techniques for identifying senile plaques are now widely used in research settings (e.g.,
Klunk et al., 2004; Verhoeff et al., 2004; Small et al., 2006), the majority of the research
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regarding the topographic distribution of lesions at different stages of the disease has
been completed retrospectively at autopsy. Despite this limitation, multiple autopsy
studies have provided evidence that neurofibrillary changes are relatively circumscribed
to the medial temporal lobe (MTL, including the entorhinal and perirhinal cortices, the
perforant pathway, and the hippocampal formation) in the earliest stages of AD, and of
an association between density of NFTs and both the duration and severity of the disease
(Braak & Braak, 1991; Arriagada, Growdon, Hedley-Whyte, & Hyman, 1992; Berg et
al., 1998; Delacourte et al., 1999). Congruent with these autopsy findings, neuroimaging
studies have identified atrophy of the MTL and hypoactivation of this brain region during
new learning in mild AD compared with healthy controls (Dickerson et al., 2005;
Machulda et al., 2003; Sperling et al., 2003). Together, these findings can explain the
profound memory deficit in early AD, as the MTL has long been recognised as playing a
critical role in the formation of memories. In contrast to NFTs, senile plaques have a less
specific pattern of distribution but tend to occur in neocortical regions (Arnold, Hyman,
Flory, Damasio, & Van Hoesen, 1991; Arriagada, Growdon et al., 1992; Braak & Braak,
1991). Jack Jr et al. (2010) have recently put forward a model staging the pathological
changes in AD, which contends that β-amyloid accumulation occurs prior to
neurodegeneration or the emergence of clinical symptoms in AD. In accordance with this
model, β-amyloid has been indicated as a useful predictor of conversion from healthy
aging to dementia but has not been associated with severity or duration of the condition
in individuals already diagnosed with AD (Arnold et al., 1991; Arriagada, Growdon et
al., 1992; Fagan et al., 2007; McDuff & Sumi, 1985).
Of interest, both senile plaques and NFTs can occur in the brains of nondemented individuals (albeit usually to a lesser degree) and follow the topographic
distribution seen in AD (with NFTs generally restricted to the hippocampi, entorhinal
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cortex, and perirhinal cortex, and senile plaques evident in neocortical regions,
Arriagada, Marzloff, & Hyman, 1992). These findings have led Arriagada, Marzloff et al.
(1992) to conclude that there is likely a continuum of pathological changes from healthy
aging to preclinical AD to diagnosable AD. Sperling et al. (2011) have warned however,
that these pathological changes are not invariably linked to clinical presentation, with
numerous individuals with pathological changes not manifesting clinical symptoms of
AD or dementia prior to death.
Certain pharmacological treatments have shown symptomatic efficacy in AD,
with temporary improvement identified on measures of cognition, activities of daily
living, and quality of life ratings (Knapp et al., 1994; Winblad et al., 2001). In
accordance with these findings, cholinesterase inhibitors (ChEIs) have been
recommended for the treatment of mild to moderate AD and memantine (an NMDA
receptor antagonist) for moderate to severe AD; however, ultimately these treatments do
not delay, cease, or reverse progression of the disease (Rabins et al., 2007). Prince et al.
(2011) have suggested that there may be a critical period during which interventions
(pharmacological or otherwise) will work - or will work most effectively - and that this
may be prior to the stage at which a diagnosis of dementia is currently made.
Highlighting the possibility of identifying individuals at risk of AD at an earlier stage,
Petersen et al. (2001) reported that most affected individuals experience some level of
cognitive decline before meeting the degree of impairment necessary to fulfil diagnostic
criteria for dementia. This gradual decline in cognitive function, combined with the
pathological findings described above (i.e., a similar topographical distribution of AD
pathology although to a lesser degree in non-demented adults), provides a basis for
arguing that a continuum of the disease exists, with a prodromal phase that could be
identified and allow earlier, and possibly more successful, intervention. Based on this
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assumption, the National Institute on Aging-Alzheimer’s Association recently employed
workgroups to establish criteria for such a symptomatic predementia phase of AD (Albert
et al., 2011).

1.2.1 Mild Cognitive Impairment: a heterogeneous but valuable concept.
Decline in cognitive functioning that occurs in older age but fails to reach criteria
for a diagnosis of dementia has been termed many things in the past including: benign
senescence forgetfulness (Kral, 1962), age-associated memory impairment (Crook,
Bartus, Ferris, Whitehouse, Cohen, & Gershon, 1986), age-associated cognitive decline
(Levy, 1994), cognitive impairment no dementia (Graham et al., 1997), questionable
dementia (Hughes, Berg, Danziger, Cohen, & Martin, 1982), and Mild Cognitive
Impairment (MCI; Petersen, Smith, Waring, Ivnik, Kokmen, & Tangelos, 1997). These
concepts have differed in regards to whether decline is considered to reflect normal aging
or a neurodegenerative process and have therefore impeded consensus as to what
constitutes the prodromal phase of dementia as compared with the cognitive changes that
typically occur in healthy aging. In more recent years, MCI has become the term of
choice to describe the transitional phase between typical aging and mild dementia (Albert
et al., 2011; Petersen, 2004; Winblad et al., 2004) and has allowed more detailed
examination of the cognitive changes that distinguish MCI from healthy aging and the
efficacy of intervention during this phase. Variability in the criteria used to define MCI
and the operationalisation of these criteria however, have somewhat hindered progress in
this field and prevented straightforward comparison of results between studies.
Petersen (1995) was responsible for the development of the concept of MCI as it
is used today, initially describing it as a transitional phase in the evolution of dementia,
most commonly characterised by an isolated cognitive deficit, usually in memory. In
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1997, Petersen et al. detailed diagnostic criteria for MCI which included: “…(a)
complaint of defective memory, (b) normal activities of daily living, (c) normal general
cognitive function, (d) abnormal memory function for age, and (e) absence of dementia.”
(p. 67). When classified using these criteria, Petersen et al. (1999) found that individuals
with MCI performed as poorly as a mild AD group on standard neuropsychological
memory tests, while performances across other cognitive domains were comparable to
controls. Although numerous research groups have employed Peterson et al.’s (1997)
criteria to define MCI, the criteria of “normal general cognitive functioning” and
particularly “abnormal memory function for age” were not operationalised by Petersen et
al. and have been interpreted differently by various researchers. For example, although
Petersen et al. (1997) indicated that the majority of their MCI sample demonstrated
memory performances approximately 1.5 to 2.0 SD below individuals of a comparable
age, subsequent research has accepted performances 1.0 or 1.5 SD below age-matched
norms, or performances at or below the 10th percentile, as indicative of abnormal
memory function (Palmer, Bäckman, Winblad, & Fratiglioni, 2008; Peterson, 2004;
Rapp, Brenes, & Marsh, 2002; Troyer, Murphy, Anderson, Moscovitch, & Craik, 2008).
Obviously the degree of impairment required for classification will determine the extent
of heterogeneity within an MCI sample and impact on results.
In addition to the uncertainty regarding appropriate psychometric cut-offs, other
research groups have employed a purely clinical approach (e.g., using dementia-rating
scales) without any psychometric testing to identify individuals with MCI. On the
Clinical Dementia Rating scale (CDR) a score of 0.5 (questionable dementia) and on the
Global Deterioration Scale scores of 2 (typical aging with subjective cognitive deficits)
or 3 (subtle cognitive deficits that are apparent on neuropsychological testing and
commonly accompanied by deficits in executive functioning) have been equated to a
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diagnosis of MCI (e.g., Chung & Man, 2009; Flicker, Ferris, & Reisberg, 1991; Morris et
al., 2001). Petersen et al. (2001) have argued, however, that MCI cannot simply be
equated to scores on these scales and that in regards to the CDR in particular, the
category CDR 0.5 captures both MCI and mild dementia. Supporting this argument, and
the inappropriateness of using rating scales alone to classify MCI, studies have shown
cognitive performance and hippocampal volume of MCI participants (defined according
to Petersen et al.’s (1997) criteria) to be intermediate between that of healthy older adults
and participants classified as CDR 0.5 (Grundman et al., 2004; Petersen et al., 1999).
This overlap of features between MCI and mild dementia is also present at the other end
of the continuum – between MCI and typical aging. In particular, a substantial degree of
overlap has been identified between these two groups in terms of level of functional
independence, self-report of memory difficulties, and even performance on psychometric
tests of cognition (Kluger, Ferris, Golomb, Mittelman, & Reisberg, 1999; Morris et al.,
2001; Pereira, Yassuda, Oliveira, & Forlenza, 2008; Petersen, 2004).
Further contributing to the confusion regarding the characterisation of MCI is the
variation in outcomes associated with the label. While many classified as MCI go on to
convert to a diagnosis of dementia, others remain stable in their impairment, or even
improve to a typical level of cognitive functioning relative to age (Kluger, Golomb, &
Ferris, 2002). In fact, Mitchell and Shiri-Feshki (2009) conducted a meta-analysis of 41
robust inception cohort studies that followed participants for three years or more, and
found that the annual conversion rate to a diagnosis of dementia was 6.7%, with
cumulative conversion rate reaching only 38.2% after more than five years of follow-up.
The same researchers reported an annual conversion rate from MCI to dementia of 3.3%
when results were pooled across 15 studies with a minimum five-year follow-up period,
and interestingly found that annual conversion rate was inversely related to the length of
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follow-up (Mitchell & Shiri-Feshki, 2008). The variation in outcomes therefore, is not
simply a product of short-term studies failing to capture the conversion to dementia but a
number, and possibly the majority, of individuals with MCI either remaining stable in
their impairment, or reverting to normal levels of cognitive function. Exemplifying this,
Larrieu et al. (2002) found that although their MCI sample (selected using criteria
comparable to Petersen et al.’s, 1997) were significantly more likely to convert to AD
than controls, more than 40% of this group reverted to a normal level of cognitive
functioning over a two- to three-year follow-up period. Similarly, of 564 individuals
initially classified as MCI, Manly et al. (2008) identified 30.2% who did not meet
classification for either MCI or dementia at follow-up (the length of which ranged from
18 months to over 10 years), and 47.8% who continued to meet criteria for MCI without
progressing to dementia. In addition to the unstable nature of the classification of MCI,
inter-study variability in the selection and application of criteria, the source of subjects
(i.e., clinical versus community samples), attrition rates, and the length of follow-up have
prevented clear estimates of relative risk, despite general acceptance of the fact that MCI
is associated with an increased risk of conversion to dementia (Raschetti, Albanese,
Vanacore, & Maggini, 2007).
More recently, Petersen et al.’s (1997) original criteria have been broadened to
allow for complaint and decline in any area of cognitive functioning (not just memory),
the possibility of mild difficulties with instrumental activities of daily living, and to
include a change from normal functioning as an essential criterion (Winblad et al., 2004).
Furthermore, different subtypes of MCI have been delineated, based upon the cognitive
domains that are impaired. The subtype amnestic MCI (aMCI) is used to describe cases
with memory impairment and can be further subdivided into aMCI single-domain or
aMCI multiple-domain depending on whether deficits are restricted to tests of memory or
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are also apparent across other cognitive domains. In a similar manner, non-amnestic MCI
(where memory is intact) can be subdivided into single- or multiple-domain subtypes
depending on the clinical presentation (Albert et al., 2011; Petersen et al., 2004; Winblad
et al., 2004). Although some recent studies have distinguished between single- and
multiple-domain subtypes, much of the pre-existing literature has not and therefore for
the purpose of this thesis the term aMCI will be used to describe both amnestic subtypes
unless otherwise specified.
In accordance with the clinical presentation and presumed aetiology, Petersen
(2004) and Albert et al. (2011) have suggested that aMCI is the most likely subtype to
subsequently convert to AD. Consistent with this proposal, individuals with aMCI
commonly demonstrate AD pathology (e.g., hippocampal atrophy) that is intermediate
between that seen in typical aging and AD (Grundman et al., 2004; Jack et al., 2008), as
well as a higher rate of conversion to AD than healthy older adults. Approximately 1015% of individuals with aMCI convert to AD per annum, compared with 1-2% of agematched controls (Jack et al., 1999; Petersen et al., 1997; Petersen et al., 1999). Yet even
within this subtype, a substantial proportion of participants have been found to remain
stable or improve over long-term follow-up (Ganguli, Dodge, Shen, & DeKosky, 2004),
indicating that the refined criteria have not eliminated the unstable nature of this
classification. Interestingly, instability has been identified even in regards to the single
criterion of “objective evidence of memory impairment”. In a study by Collie, Maruff,
and Currie (2002), 22% of a general community sample of 174 older adults fulfilled the
memory impairment criterion for aMCI on one of three memory assessments over a 12month period, while only 13% of this sample fulfilled the criterion on all three
assessments. Nevertheless, despite the ongoing issues of heterogeneity and instability,
the notably increased risk of conversion to AD amongst individuals meeting criteria for
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aMCI upholds the relevance and value of the concept given the unique opportunity it
may provide for early intervention.

1.2.2 Intervention in aMCI.
In spite of suggestions that aMCI is indicative of the very early stages of AD,
evidence is lacking for the efficacy of pharmacological treatments approved for AD in
the treatment of aMCI. Two Cochrane systematic reviews on the ChEIs galantamine
(Loy & Schneider, 2006) and donepezil (Birks & Flicker, 2006), and a more recent
review of randomised clinical trials employing a range of ChEIs (Raschetti et al., 2007),
have failed to find any difference in the rate of conversion from aMCI to AD or dementia
between treated and placebo groups. Furthermore, neither ChEIs nor memantine have
shown efficacy in improving performance on cognitive tests or activities of daily living
(Feldman et al., 2007; Raschetti et al., 2007; Winblad et al., 2008). In addition to this
lack of efficacy, numerous studies have identified significant negative side effects
associated with the use of ChEIs in aMCI, including a link between galantamine and
increased mortality in this population (Birks & Flicker, 2006; Loy & Schneider, 2006;
Raschetti et al., 2007). These findings have led some researchers to suggest that any
limited benefits arising from pharmacological treatment may not outweigh the negative
side effects in a population such as aMCI, where by definition individuals are able to
accommodate for their difficulties sufficiently to function relatively independently
(Aisen, 2008).
The current lack of efficacious drug treatments, in conjunction with the
disproportionate risks to benefits ratio associated with these treatments, insinuates that
aMCI may be an ideal stage to administer symptomatic treatment through psychological
(i.e. cognitive-based) interventions. Clare and Woods (2004) have suggested that
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interventions targeting the management of memory difficulties are more realistic than
attempts to alter the underlying impairment and may assist in reducing excess disability
(e.g., low self-esteem and withdrawal from social activities) and improving quality of life
for individuals with aMCI. Furthermore, Petersen et al. (1997) have stated that the
pathology of aMCI is not so severe as to preclude effective therapy for memory
impairment and concordantly, a recent meta-analysis of cognitive intervention in aMCI
has reported improved general cognitive ability, daily functioning, quality of life,
psychological functioning, and objective memory performance on standardised
neuropsychological tests following intervention (Li et al., 2011). Psychological
intervention may therefore play a useful role until appropriate pharmacological
treatments can be identified, or be used in conjunction with medication to provide the
greatest effect possible (Newhouse, Potter, & Levin, 1997). Given the heterogeneity
associated with aMCI, perhaps one of the greatest benefits of cognitive intervention is the
lack of associated negative side effects and the clinical utility for individuals
demonstrating emerging memory difficulties, even if underlying AD neuropathology
cannot be conclusively established (Clare & Woods).
Cognitive interventions are largely symptomatic, in that the focus of the
intervention is the symptoms an individual is experiencing and ways of overcoming or
compensating for these difficulties. Within the field of cognitive rehabilitation, three
goals and associated approaches have been differentiated and are relevant to the
development of interventions for emerging memory impairment; optimisation,
substitution, and external compensation (Glisky & Glisky, 2008). In regards to memory,
optimisation of residual cognitive functions involves practising memory strategies and
tasks in order to improve the efficiency of cognitive processes; substitution entails
relying on intact cognitive functions to accommodate for impaired cognitive functions
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(e.g., using planning abilities to overcome memory deficits); and external compensation
involves the use of external aids (e.g., calendars and diaries) to compensate for a memory
deficit. The selection of the appropriate rehabilitation approach is based upon an in-depth
understanding of the symptoms the individual is experiencing and the underlying cause
of the symptoms. Therefore, in order to develop appropriate and efficacious interventions
for aMCI it is necessary to understand the memory deficit characteristic of the condition.

1.3 Memory Systems and Memory Strategies
1.3.1 Multiple memory systems.
The core feature of aMCI is an objective memory deficit. Memory is a broad
concept and is widely accepted in the field of neuropsychology to be comprised of
multiple systems that work in collaboration but also independently of one another (as
indicated by dissociations between memory performances under various conditions;
Tulving, 1987). There is no universally accepted way of classifying the various memory
systems, however Tulving’s (1987) model of memory has received empirical support,
has proven clinically relevant, and is useful for considering the pattern of memory
impairment in aMCI. As depicted in Figure 1, Tulving’s model acknowledges the longrecognised and widely accepted dissociation between short-term and long-term memory.
Short-term memory (also termed primary memory and working memory) refers to the
recall of information immediately after it is encountered and as such is considered to be a
temporary storage system that is vulnerable to disruptions in attention. Baddeley (2001)
has further developed this concept of working memory and has proposed a
multicomponent model comprised of four systems. The articulatory loop and the visuospatial sketchpad systems temporarily maintain and manipulate verbal and visuo-spatial
information respectively, while the episodic buffer provides a storage system that can
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combine newly acquired information across modalities and with previously acquired
information. Finally, the central executive system is responsible for attentional control,
including focusing attention, dividing attention, and switching attention.
In contrast to short-term memory, long-term memory (also termed secondary
memory) involves the formation of a permanent trace of the information, allowing recall
after any diversion of attention. Tulving’s (1987) model further classifies long-term
memory into three independent but inter-related subsystems – episodic, semantic, and
implicit memory. The episodic memory system is responsible for the recall of
information that is personally experienced by the individual (autobiographical memories)
and thus associated with contextual information (e.g., specific times and places, Tulving,
1972). In contrast, semantic memory refers to general knowledge that can be shared by
individuals, such as knowledge of word meanings, facts, and representations of objects.
Both the episodic and semantic memory subsystems are explicit or declarative in that
they involve conscious recall of information, while the third long-term memory
subsystem - implicit memory - relates to recall of information without conscious
recollection of the formation of the memory. Implicit memory involves a learned
association between a response and a cue, and thus does not rely on focused attention like
the two explicit memory subsystems do (Tulving, 1987). While some researchers
consider these three memory systems to operate in parallel, Tulving (1987) has proposed
that the systems are embedded in and support one another.
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Figure 1. Tulving’s (1987) model of memory incorporating Baddeley’s (2001) updated
account of the working memory system.	
  

In regards to the neurological underpinnings of the various memory systems,
Moscovitch and colleagues (Moscovitch & Ultima, 1991; Moscovitch & Winocur, 1992)
have proposed that different brain regions mediate implicit as compared with explicit
memory systems. According to their working with memory model, external stimuli are
received and processed by modality specific cortical and subcortical brain structures,
which results in modification of the structures and a long-term record (implicit memory)
that affects performance without conscious recollection. Therefore, the brain regions
initially involved in processing the information mediate performance on implicit memory
tests. In contrast, explicit memory is proposed to critically rely on the hippocampal and
associated medial temporal structures to bind the implicit memory traces with
consciously apprehended information in order to form a consciously accessible long-term
memory. Consistent with this, damage to the hippocampi and associated structures
results in an inability to consciously recall newly acquired information, although
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performance may be improved on repeated memory tasks (Hyman, Van Hoesen, &
Damasio, 1990; Squire, 1992; Zola-Morgan, Squire, & Amaral, 1986). Similarly,
individuals with frontal lobe lesions demonstrate impairment on explicit memory tests
despite spared implicit memory (Shimamura, Gershberg, Jurica, Mangels, & Knight,
1992; Wheeler, Stuss, & Tulving, 1995), implicating frontal regions in explicit memory
functioning. The role of the frontal lobes in explicit memory has been attributed to the
prefrontal cortex. In particular, the ventrolateral prefrontal cortex is considered
responsible for the temporary maintenance and retrieval of information, and the
dorsolateral prefrontal cortex is responsible for the monitoring and manipulation of
information in memory (Owen, Evans, & Petrides, 1996; Petrides, 1996).
In addition to the dissociation between implicit and explicit memory systems,
within the explicit memory system a distinction has also been made between the brain
regions that subserve semantic as compared with episodic memories. In particular, some
research has suggested that the formation and retrieval of semantic memories relies more
heavily on the entorhinal cortex, lateral temporal cortex, ventral temporal cortex, and
inferior prefrontal cortex than episodic memory formation and retrieval, with semantic
memories being distributed across a large network of brain regions according to
attributes or associated semantic category (Gabrieli et al., 1996; Glisky & Glisky, 2008;
Martin & Chao, 2001; Thompson-Schill, 2003).

1.3.2 Preserved and impaired memory systems in aMCI.
In both early AD and aMCI, short-term memory, as measured by immediate
memory span or retention of words presented most recently on a word-list (considered to
reflect primary memory), has been shown to remain intact (Spinnler, Della Sala, Bandera
& Baddeley, 1988; Moulin, James, Freeman, & Jones, 2004; Perri, Serra, Carlesimo,
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Caltagirone & The Early Diagnosis Group of the Italian Interdisciplinary Network on
Alzheimer’s Disease, 2007). Similarly, implicit memory, measured using repetitionpriming tasks, is relatively well maintained in both conditions (Perri, Carlesimo, Serra,
Caltagirone, & The Early Diagnosis Group of the Italian Interdisciplinary Network on
Alzheimer’s Disease, 2005; Perri et al., 2007). The preservation of these memory
systems is consistent with research demonstrating that short-term and implicit memory
systems do not critically rely on the integrity of the MTL (e.g., Golby et al., 2005). In
contrast to preserved performance on implicit and short-term memory tasks, individuals
with aMCI by definition show significantly impaired performance on a range of episodic
memory tasks, including recall of word-lists, semantically and arbitrarily associated
word-pairs, short stories and paragraphs, and everyday memory tests (Grundman et al.,
2004; Kazui et al., 2005; Morris et al., 2001; Petersen et al., 2001). Impairment is
greatest in relation to recent episodic memories, with more remote memories remaining
relatively preserved early in AD (Beatty, Salmon, Butters, Heindel, & Granholm, 1988;
Hodges, Salmon, & Butters, 1993). This pattern of results is consistent with the theorised
role of the hippocampus in the formation and retrieval of new episodic memories and the
findings of hippocampal atrophy in aMCI samples (Grundman et al, 2004; Jack et al.,
2008).
Although most attention has been paid to the episodic memory impairment in
aMCI, more recent studies have consistently identified deficits in semantic memory as
well. For example, multiple studies have identified a selective impairment in semantic
fluency (generation of exemplars according to a semantic category) in aMCI groups
compared with controls, despite intact letter fluency (generation of exemplars beginning
with various letters; Alladi, Arnold, Mitchell, Nestor, & Hodges, 2006; Dudas, Clague,
Thompson, Graham, & Hodges, 2005; Lonie, Herrmann, Donaghey, & Ebmeier, 2008;

27
Lonie et al., 2009). This has been interpreted to reflect a degradation of the
representations in the semantic memory system or access to semantic associations
between words, given the intact ability to search and retrieve from lexical stores (Lonie
et al., 2009). This is particularly salient given that healthy adults usually demonstrate
superior performance on semantic fluency tasks as compared with letter fluency tasks
(Strauss, Sherman, & Spreen, 2006). Murphy et al. (2006) clearly demonstrated the
progression of this semantic deficit by comparing semantic and letter fluency in aMCI,
AD, and typical aging. They found that while the healthy control group performed
significantly better on the semantic fluency task than the letter fluency task, the AD
group showed the reverse pattern of results and the aMCI group performed equivalently
on the two tasks (with performance comparable to controls for letter fluency but
significantly reduced for semantic fluency). Providing further support for a semantic
deficit in aMCI, a number of studies have also shown impairment on alternative tests of
semantic memory, including the ability to name objects, famous faces, and famous
buildings (Ahmed, Arnold, Thompson, Gaham, & Hodges, 2008; Alladi et al., 2006;
Dudas et al., 2005; Estévez-González et al., 2004; Lonie et al., 2008). In light of these
findings it has been suggested that both semantic and episodic memory deficits are
common features of aMCI and that impairment in semantic memory may reflect
extension of pathological processes beyond the usually implicated MTL (Ahmed et al.,
2008; Dudas et al., 2005; Murphy et al., 2006).
Finally, although not recognised by Tulving’s (1987) model, memory can also be
distinguished, and has shown differential impairment in aMCI, on the basis of temporal
direction. The term retrospective memory refers to the recall of information that has been
previously acquired while prospective memory refers to recall of future intentions
(Huppert & Beardsall, 1993), involving both a retrospective component (i.e.,
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remembering what needs to be done) and a prospective component (i.e., remembering to
carry out the intention at the appropriate time and place; Eschen, Martin, Gasser, &
Kliegel, 2009; McDaniel & Einstein, 2007). McDaniel and Einstein (2000) explain the
difference between the two types of memory in terms of the retrieval context. In
comparison to retrospective memory, prospective memory requires self-initiated and
effortful retrieval of information in the absence of explicit cues. Craik (1986) has argued
that memory tasks demanding greater self-initiated retrieval are more susceptible to
impairment, and therefore this may explain the reason that a minimal dementia group
performed as poorly as a mild to moderate dementia group on PM tasks, while producing
significantly better performance on RM tasks (Huppert & Beardsall, 1993). Similarly,
individuals with aMCI have demonstrated poorer performance on time-based PM tasks
(which require greater self-initiated retrieval) as compared with event-based tasks (where
an external cue is provided), and on PM tasks where cues are less salient as compared
with tasks providing more salient cues (Blanco-Campal, Coen, Lawlor, Walsh, & Burke,
2009; Karantzoulis, Troyer, & Rich, 2009; Troyer & Murphy, 2007).

1.3.3 Memory processes.
In addition to the multiple systems of memory outlined above, Tulving (1987) has
suggested that the explicit memory system may be further classified into subsystems
reflecting the various processes involved in remembering. These processes are important
to consider in the determination of appropriate avenues for intervention and are
commonly recognised to include encoding, consolidation, and retrieval. Encoding
involves the initial processing and registration of external stimuli; consolidation
describes the formation of an enduring record of the information; and retrieval refers to
the process of re-accessing the information after a memory has been formed (Buckner &

29
Koutstaal, 1998). These processes are hypothesised to rely on overlapping but discernible
brain networks and to act in collaboration but also independently of one another. During
encoding, external stimuli are initially received by modality-specific perceptual modules
in the posterior neocortex (e.g., visual information in the primary occipital cortex), which
undergo change as a result of processing the information and thus form a perceptual
record (equivalent to implicit memory; Kirsner & Dunn, 1985). The processed
information is then experienced consciously and is semantically interpreted by central
systems such as the thalamus (Moscovitch & Winocur, 1992). Consolidation occurs
when reciprocal pathways are established between the hippocampi and the neocortex
through long-term potentiation (Ward, 2010). Although the hippocampi are recognised to
play a critical role in the consolidation of memories, it remains unclear as to how long it
takes for memories to be fully consolidated, or indeed whether the hippocampus plays a
more permanent role in the storage of memories (Nadel & Moscovitch, 1997). Ward
(2010) has suggested that the hippocampi play a time-limited role in consolidation and
that other neural structures may be implicated in this memory process, based on evidence
that the entorhinal cortex can display a temporally graded involvement in consolidation
for up to a decade, while temporally graded involvement of the hippocampi may only last
a few years (Haist, Bowden Gore, & Mao, 2001). Following consolidation, general
consensus suggests that memories are stored and retrieved through the neocortex. This
can somewhat account for the temporal gradient in memory loss initially observed in
Alzheimer’s disease (Beatty et al., 1988; Hodges et al., 1993), as fully consolidated
remote memories should be relatively unaffected by medial temporal neuropathology.
Retrieval of these more remote memories may be affected in AD, however, given the
implication of the prefrontal cortex in both the encoding and retrieval processes (Buckner
& Koutstaal, 1998; Glisky & Glisky, 2008), and evidence of atrophic and functional
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changes in frontal regions in AD (Grady et al., 2003; Salat, Kaye, & Janowsky, 2001).
Moscovitch and Winocur (1992) contend that this involvement of the prefrontal cortex
reflects a strategic processing component of memory. The strategic component is
proposed to process and elaborate information in consciousness in order to provide the
necessary information for efficient encoding and to provide sufficient retrieval cues to
automatically trigger memory traces, as well as to evaluate the memory traces that are
retrieved and place them in the appropriate spatiotemporal context.
Disruption of any one or combination of these three memory processes (encoding,
consolidation, or retrieval) will result in impaired memory, however the type of
impairment will depend on which process is disrupted. For example, defective encoding
will prevent information from being recalled over even very short periods of time due to
insufficient processing and registration of the information, while deficits in consolidation
will result in the information being initially encoded and available for a limited time but
decaying quickly. Finally, deficits restricted to the retrieval process will present as
difficulty on tasks requiring free recall of stored information but improved performances
on tasks that provide retrieval cues or test memory using recognition formats. Clearly,
the type of intervention that is appropriate will depend on the memory process that is
impaired.
The encoding and consolidation processes can be investigated by examining
performances across trials on word-list learning tasks. Using this methodology, deficits
in both encoding and consolidation have been identified in AD and aMCI samples
(Moulin et al., 2004; Woodard, Dunlosky, & Salthouse, 1999). Moulin et al. (2004)
proposed that poor encoding quality due to the use of inefficient memory strategies could
account for the poor consolidation. Other studies, however, have identified significant
deficits in delayed recall across a range of tasks even after accounting for initial learning,
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as well as increased rates of forgetting in aMCI compared to controls (Petersen et al.,
1999; Price et al., 2010; Ribeiro et al., 2007), suggesting that consolidation deficits occur
in addition to encoding deficits in aMCI (Crowell, Luis, Vanderploeg, Schinka, &
Mullan, 2002; Sarazin et al., 2007). These processes therefore demand attention in
cognitive interventions aiming to increase performance on explicit memory tasks in
aMCI. Craik and Lockhart (1972) suggest that these two memory processes are
intricately linked in their levels of processing model of memory, which purports that
depth of encoding is the major determinant of the rate of forgetting. Therefore deeper
encoding, which results from greater cognitive or semantic analysis, will result in longer
lasting memory records and improved memory performance.

1.3.4 Memory strategies.
One way of increasing depth of encoding is through the use of efficient memory
strategies. In accordance with Craik and Lockhart’s (1972) model, memory strategies
that involve additional processing of the information to be remembered (e.g., elaborating
or enriching the information by relating it to previously acquired information) will lead
to stronger records of the information and greater retention over longer periods of time.
Therefore in regards to aMCI, it is plausible that using memory strategies may help to
accommodate for the impairments in encoding and consolidation. Similarly, Moscovitch
and Winocur’s (1992) working with memory model (as described in the previous section)
suggests that the use of memory strategies may assist in providing the hippocampal
system with more useful information for encoding (i.e., more elaborate and interpreted
information) and stronger cues to aid in later retrieval.
In addition to theoretical models, empirical studies have demonstrated a clear
association between the use of memory strategies and improved memory performance
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(Bäckman, Small, & Wahlin, 2001; Nandagopal, Roring, Ericsson, & Taylor, 2010;
Sternberg & Tulving, 1977); and memory strategy training has been associated with
improved performances on standardised memory tests for both healthy and clinical
samples (Allen, Goldstein, Heyman, & Rondinelli, 1998; Cicerone et al., 2005; Troyer,
2001; Verhaeghen, Marcoen, & Goossens, 1992). For example, Ball et al. (2002) found a
significant improvement in memory performance following strategy training, which was
sustained at two-year follow-up, in one of the largest randomised controlled trials
conducted on the topic (with a sample of approximately 600 healthy older adults).
Although improvements in memory performance are typically restricted to tasks allowing
for use of the trained memory strategies (Dixon, Rust, Feltmate, & See, 2007; Troyer,
2001; Verhaeghen et al., 1992), the fact that a single strategy can be employed across a
range of memory tasks suggests that strategy training will produce more generalisable
effects than alternative intervention methods, such as brain training (i.e., repeated
practise on related cognitive tasks). Providing evidence for this, Owen et al. (2010) found
that in a large sample comprised of over 4,000 participants, six-weeks of online training
on a memory task did not produce any improvement on a closely related memory task.
Therefore, strategy training may provide the most effective means of improving memory
in aMCI, however, in order to develop more targeted and generalised interventions it is
necessary to understand the types of memory strategies that are appropriate for, and can
be used by, a population with emerging memory deficits.
Although the range of memory strategies that can be trained in intervention is
virtually limitless, strategies differ in regards to the goal of cognitive rehabilitation that
they are aligned with and therefore may differ in efficacy depending upon the population
and their cognitive abilities. For example, visual imagery (where information is
transformed into salient visual images) and semantic elaboration or association
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(elaborating or organising information based upon the meaning of the information or
associations with previously acquired information) are examples of memory strategies
that rely on optimisation of residual function (Glisky & Glisky, 2008). In contrast, spaced
retrieval (continuous retrieval of information over increasing periods of time), vanishing
cues (gradual withdrawal of cues), and errorless learning (the elimination of errors during
learning) are strategies that rely on intact cognitive functions (i.e., implicit memory) as a
substitution for impaired functions (i.e., explicit memory, Glisky & Glisky, 2008).
Finally, external compensation involves the use of external memory aids (e.g., alarm
clocks and calendars) or environmental support (e.g., through the provision of cues) to
improve memory performance (Glisky & Gliksy, 2008). The distinction between internal
memory strategies as employed in optimisation and substitution approaches to cognitive
rehabilitation, and external memory strategies (external compensation) is commonly
made in memory strategy research and may be relevant to understanding memory
strategy use in aMCI.
Internal strategies are memory strategies that are self-reliant such as the use of
rhymes, acronyms, visual imagery, organisation, and the creation of associations. In
contrast, external strategies rely on alterations of the environment, other people, and
external cues to produce a reminder (Fort, Adoul, Holl, Kaddour, & Gana, 2004); for
example, writing information in diaries or calendars, positioning items in prominent
places, and using timers, pagers, and dosette boxes (Troyer et al., 2008). Although
internal strategies are highly effective for specific everyday tasks (Morris, Fritz, Jackson,
Nichol, & Roberts, 2005), they can involve a substantial amount of effort and cognitive
resources (Troyer, 2001) and have been theorised to be more difficult for older adults
than external strategies due to age-related decreases in available processing resources
necessary to support self-initiated processes (Anderson & Craik, 2000; Craik, 1986;
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Verhaeghen et al., 1992). Comparatively, external strategies have been described as more
effective and generalisable than internal strategies (Dixon, Hopp, Cohen, de Frias, &
Bäckman, 2003) and are less cognitively demanding, as cues to elicit retrieval are
automatically provided at the appropriate time. Furthermore, external strategies have
been used successfully to improve memory performance and functional independence in
populations with considerable memory deficits (Kapur, 1995; Wilson, Emslie, Quirk, &
Evans, 2001; Wilson, Evans, Emslie, & Malinek, 1997). Given the different cognitive
demands underlying internal and external memory strategy use, it is possible that
individuals with cognitive difficulties might struggle to employ internal but not external
strategies. Moreover, in relation to aMCI it is possible that individuals might demonstrate
some difficulty employing internal memory strategies (despite intact use of external
strategies) given the findings of greater impairment on memory tasks that rely more
heavily on self-initiation (e.g., time- versus event-based PM tasks; Troyer & Murphy,
2007).
Difficulty employing internal memory strategies might account for the fact that a
recent meta-analysis by Li et al. (2011) found only a small improvement in objective
memory performance on standardised tests following cognitive intervention (the majority
of which included memory strategy training) for aMCI, despite strategy training being
clearly associated with improved memory performance for healthy older adults (Ball et
al., 2002; Troyer, 2001; Verhaeghen et al., 1992). In order to develop interventions that
are targeted to and effective for persons with aMCI, it is necessary to understand how use
of internal and external memory strategies in this population compares with that of
healthy older adults.
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1.4 Use of Memory Strategies
1.4.1 Strategy use in healthy older adults.
Prior to examining the literature on strategy use in healthy older adults, it is
necessary to acknowledge that the way in which strategy use is measured can impact
substantially on the outcomes of studies. Of particular relevance is whether strategy use
is observed on memory tasks or is self-reported by participants. Observations of strategy
use are typically restricted to the use of internal strategies on laboratory-style memory
tasks given that few standardised tests allow for the use of external memory strategies. In
contrast, self-report measures commonly relate to strategy use in everyday life and often
distinguish between the use of internal and external strategies. Although self-report
measures provide a viable and easy method for examining a wide range of everyday
memory strategies, such measures have been criticised for their questionable validity,
particularly in groups with cognitive impairment (Dixon et al., 2003; Troyer & Rich,
2002). In addition, it has been suggested that the self-reports of older adults may be
invalid due to reports being based on heuristics rather than actual experience as a result
of deficient retrieval of episodic memories (Bradburn, Rips, & Shevell, 1987; Dunlosky
& Hertzog, 1998), or because self-reports may be confounded by negative beliefs or
stereotypes of inevitable memory decline in older age (Cutler & Grams, 1988; Hertzog &
Hultsch, 2000). Weak correlations between older adults’ self-reports of memory ability
on questionnaires and objective memory performance on both retrospective and
prospective memory tasks have been presented as support for this assertion (Troyer &
Rich, 2002). Accuracy of self-reports have been suggested to improve, however, when
questions are more specific or reports are directly related to the task at hand; for example,
when an individual is asked to estimate their ability on a specific memory task
(Cavanaugh, Feldman, & Hertzog, 1998; Hertzog, Dixon, & Hultsch, 1990).
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Observed strategy use.
On the basis of observations of strategy use on laboratory style memory tasks
(which overwhelmingly consider only internal memory strategies), a production
deficiency hypothesis has been proposed to account for the memory strategy use of
healthy older adults. This hypothesis states that older adults are less efficient at
producing and selecting effective strategies than younger adults, although they can
adequately use and benefit from memory strategies when explicitly instructed to do so
(Dunlosky & Hertzog, 1998; Kausler, 1994). This deficiency in production of internal
memory strategies in older age has been demonstrated across a range of memory tasks.
For example, using word-list learning tasks, both Sanders, Murphy, Schmitt, and Walsh
(1980), and Witte, Freund, and Brown-Whistler (1993) found that while younger adults
shifted their rehearsal from a serial to a categorical approach once enough exemplars
were available to form a category, older adults were less likely to shift to a categorical
approach and demonstrated poorer recall. Similarly, older adults have demonstrated
poorer subjective organisation of word-lists comprised of unrelated words (Witte,
Freund, & Sebby, 1990) and on a paired-associates task were slower than younger adults
to shift from using a less effective to a more effective memory strategy (Touron &
Hertzog, 2004). Furthermore, the results of some studies have suggested that this strategy
production deficit may somewhat account for the observed declines in episodic memory
in older age. In particular, Souchay and Isingrini (2004) found that older adults were less
efficient at allocating their study time when attempting to learn paired associates than
younger adults, and that this difference in time allocation accounted for a substantial
proportion of the age-related variance in performance.
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Other researchers, however, have argued that older adults’ deficient use of
memory strategies is not simply due to a production deficit but also a decreased
understanding of the efficacy of different strategies and a reduced ability to use these
strategies. Specifically, Dunlosky and Hertzog (1998) found that after giving brief
instruction regarding an encoding strategy, strategy production did not account for a
significant proportion of the age-related variance in recall of paired associates and
therefore argued that in addition to a production deficiency, older adults do not use
strategies as efficiently as younger adults. Furthermore, Brigham and Pressley (1988)
found that older adults were less adept than younger adults at judging the efficacy of
strategies (even after being given an opportunity to use them), and that older adults did
not base their strategy choice on efficacy but on factors such as familiarity or ease of use.
One caveat to presenting all of these findings as evidence of deficient strategy production
or use in older adults is the underlying assumption that the most effective strategies for
younger adults are the same for older adults. This assumption may not be true,
particularly given the individual variability evident in strategy choice in everyday life
(Marsh, Hicks, & Landau, 1998) and the cognitive changes that typically accompany
older age (Hasher & Zacks, 1979).
In line with this hypothesis, Dixon et al. (2003) proposed that an increase in the
use of external strategies with age might be indicative of an individual’s insight into
changes in their cognitive functioning and their motivation to adapt to these changes.
This highlights the need to include measures of external strategy use when examining
strategy use in older adults and warns against considering internal strategy use in
isolation.
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Self-reported strategy use.
As noted previously, a distinction between internal and external strategy use is
most commonly drawn by studies employing self-report measures of strategy use and
indeed, these studies have found that older adults tend to report greater external strategy
use on questionnaires than younger adults. Both Dixon and Hultsch (1983) and
McDougall (1995) found that older adults scored more highly on the external strategy
factor of the Metamemory in Adulthood questionnaire (MIA, Dixon & Hultsch) than the
internal strategy factor, while younger adults demonstrated the opposite pattern of
results. Using the same measure across a broader age range, Bouazzaoui et al. (2010)
similarly found that adults up to 60 years of age reported using more internal strategies,
while those over 60 years of age used more external strategies. This finding of an
increase in the use of external memory strategies in older age has been replicated across
other questionnaires, including the Multifactorial Metamemory Questionnaire (Fort et al.,
2004) and the Memory Compensation Questionnaire (Dixon & de Frias, 2007).
In addition to consistently reporting greater external strategy use than younger
adults on questionnaires, older adults have also reported significantly greater external
strategy use immediately after completing memory tasks. Using this method, Devolder
and Pressley (1992), and Hill, Schwob, and Ottman (1993) found that older adults
reported significantly less strategy use than younger adults on memory tasks assessing
recall of words and numbers, and recognition of learnt information (all of which only
allowed for the use of internal strategies). In contrast, on the only task that allowed for
the use of external strategies (i.e., appointment keeping), Devolder and Pressley found
that older adults actually used significantly more strategies than the younger adult group.
This differential decrease in the use of internal memory strategies and increase in the use
of external strategies with age has been suggested to occur due to the increased cognitive
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demands and reliance on self-initiated processes associated with internal strategies in
conjunction with a decrease in the processing resources available in later adulthood
(Anderson & Craik, 2000; Craik, 1986; Verhaeghen et al., 1992).

Amenability of strategy use.
In spite of the fact that older adults generally demonstrate reduced use of internal
memory strategies in comparison to younger adults, ample research has demonstrated
that memory strategy training can improve older adults’ performances on episodic
memory tests, with the largest effects on tasks that allow for use of the trained
mnemonics (Schmitt, Murphy, & Sanders, 1981; Stuss et al., 2007; Troyer, 2001;
Verhaeghen et al, 1992). While most interventions focus on training internal memory
strategies, external memory strategy training has also been found to produce sustained
improvements in memory performance (Andrewes, Kinsella, & Murphy, 1996).
Attributing the increase in memory performance solely to the strategy training and
subsequent strategy use is made difficult, however, due to a number of methodological
limitations. For example, in the study by Troyer (2001) participants were self-selected to
the intervention or control group and therefore this approach raises concerns about
baseline differences in motivation or effort and beliefs regarding the controllability of
memory. In addition, for pragmatic reasons and to enable the greatest outcomes, most
interventions are diverse and involve components other than memory strategy training
such as psychosocial training, the provision of information regarding aging, expectancy
modification, training of other cognitive functions (e.g. attention and problem solving),
and motivational enhancement (Floyd & Scogin, 1997; Stuss et al., 2007; Verhaeghen et
al., 1992). It is therefore difficult to determine which component or components of the
intervention caused the treatment effect.
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Summary.
Overall, the available literature indicates decreased use of internal strategies and
increased use of external strategies in healthy older adults compared with younger adults.
The hypothesis that this change is due to difficulty managing the cognitive demands of
internal memory strategies, insinuates that use of internal strategies may be even more
difficult for a population with emerging cognitive difficulties such as aMCI. Although
training of internal memory strategies appears to result in improved memory
performance for healthy older adults, methodological limitations have prevented a clear
link between strategy training, strategy use, and memory performance. Similar
limitations are apparent in studies examining the efficacy of strategy-training
interventions for aMCI and have prevented identification of the most effective
intervention design. In order to develop more targeted interventions, it is necessary to
understand the pattern of spontaneous strategy use in aMCI and how this compares with
that of healthy older adults, as well as the trainability of memory strategies and the
relationship between strategy use and memory performance in this population.

1.4.2 Strategy use in aMCI.
Most of the limited research into strategy use in aMCI has been indirect,
involving the application of strategy training in cognitive interventions and pre to post
comparisons of memory performance. Furthermore, most of the studies in this area have
failed to distinguish training of memory strategies from memory training (i.e. practice on
memory tasks or components of memory tasks), and training of other cognitive abilities;
factors which have been shown to impact positively on memory performance. For
example, in addition to training specific memory strategies, Belleville et al. (2006)
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provided education regarding age-related changes in cognition, computer-based
attentional training, and training to improve visual imagery abilities in their intervention
for individuals with aMCI. In such studies it is therefore unclear whether improvements
in memory performance reflect changes in strategy use or other aspects of the treatment.
In addition, the wide variation in both the intervention techniques and measures of
memory performance employed across studies has resulted in inconsistent treatment
effects.
Rapp et al. (2002) conducted the first randomised controlled trial examining the
effect of a multicomponent intervention (including education about memory loss,
relaxation and memory strategy training, and cognitive restructuring of memory beliefs)
in aMCI and found no difference in episodic memory performance (immediate and
delayed recall of word- and grocery-lists, paragraphs, and face-name associations)
between treatment and control groups within two weeks post intervention (post-test) or at
six-month follow-up. They also found no difference in self-reported mnemonic use
between the groups at post-test but greater self-reported mnemonic use by the control
group at six-month follow-up. The interpretation of these results in regards to the
trainability of memory strategies in aMCI and how these strategies impact on memory
performance is complicated by the multifaceted nature of Rapp et al.’s intervention, the
lack of a baseline measure of strategy use, and the lack of power due to the small sample
size of both the treatment and control groups (comprised of nine and ten participants
respectively).
In contrast to Rapp et al. (2002), Olazarán et al. (2004) found increased
performance on a cognitive measure that included aspects of memory (the ADAS-Cog,
Mohs et al., 1997) one-month after cognitive-motor intervention (including cognitive
exercises and social and psychomotor activities), and a maintained level of cognitive
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functioning in the treatment group (comprised of individuals with aMCI and mild to
moderate AD) at six-month follow-up. Similarly, Belleville et al. (2006) and Hampstead,
Sathian, Bacon Moore, Nalisnick, and Stringer (2008) found significant increases in
performance on episodic memory tasks following memory strategy training. Hampstead
et al. conducted the only study to exclusively target memory strategy training in their
intervention and therefore appear to give a more direct indication of the efficiency of
strategy training for individuals with aMCI, particularly given their finding of a
correlation between recollection of trained strategies and memory performance. Other
methodological issues, however, limit the confidence that can be placed in this
interpretation of the results. Firstly, their sample was very small, comprising only eight
participants at immediate post-test and six participants at one-month follow-up; secondly,
they did not use a control group to account for practice effects; and thirdly, they used a
recognition task to measure memory performance. Recognition memory does not require
self-initiated retrieval – possibly the greatest memory deficit in aMCI, and the aspect of
memory that is most benefited by use of memory strategies (Blanco-Campal et al., 2009).
Therefore, although a number of studies have identified an improvement in episodic
memory performance after memory strategy training for individuals with aMCI, it is
unclear which aspect or aspects of the multifaceted interventions were responsible for
this improvement, and indeed whether strategy training actually increased individuals’
use of memory strategies. The only study to directly measure strategy use (albeit through
a self-report questionnaire) was Rapp et al. (2002) and they found no difference in selfreported strategy use between treatment and control groups post-intervention. Therefore,
it is possible that strategy training does not necessarily lead to the presumed increase in
use of memory strategies.
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Two recent intervention studies employing an aMCI sample have begun to
address these issues by distinguishing between knowledge and use of memory strategies,
and employing baseline measures of strategy use to enable examination of change over
time (Kinsella et al., 2009; Troyer et al., 2008). Both Troyer et al. (2008) and Kinsella et
al. (2009) found a significant increase in strategy knowledge at post-test and follow-up,
but discrepant findings regarding strategy use. While Troyer et al. found an
accompanying increase in self-reported strategy use at immediate post-test and threemonth follow-up (measured using both a questionnaire and verbal descriptions of
strategy use immediately after task completion), Kinsella et al. found that an increase in
self-reported strategy use on a questionnaire at two weeks follow-up had disappeared by
four-month follow-up. Furthermore, the two studies differed in regards to changes in
memory performance, with Kinsella et al. finding sustained improvement on prospective
memory tasks but Troyer et al. finding no improvement on three retrospective memory
tasks (numerical recall, word-list learning, and face-name learning). Any interpretation of
the associations between strategy knowledge, strategy use, and memory performance in
these studies are speculative as neither study examined these relationships directly. The
lack of a healthy control group in both studies also precludes an understanding of how
strategy knowledge and strategy use in aMCI compares with that in healthy aging.
A key issue with both of these studies is the exclusive use of self-report measures
to ascertain strategy use. As previously noted, although self-reports can be useful to gain
information about behaviour in scenarios that are not possible or pragmatic to observe,
the validity of self-reports is unclear, particularly in a population with demonstrable
memory impairment. Substantial individual variability has been identified in the degree
of awareness of memory impairment in aMCI (Roberts, Clare & Woods, 2009), with
awareness commonly impaired by the time individuals reach a diagnosis of mild AD

44
(Reisberg & Gauthier, 2008). Strategy use is arguably a more abstract concept than
memory impairment given the lack of overt consequences associated with strategy use
and thus feedback being less readily available; hence it is possible that even mild
impairment in awareness may affect the validity of self-reported strategy use.
Interestingly, if only considering participants’ verbal descriptions of strategy use on
memory tasks (in the context of individuals with aMCI demonstrating greater awareness
of memory ability on specific and temporally proximal tasks, Akhtar, Moulin & Bowie,
2006; Seelye, Schmitter-Edgecombe, & Flores, 2009), the differential increase in strategy
use between intervention and control groups was only marginally significant at
immediate test and non-significant at three-month follow up in the study by Troyer et al.
(2008). Observing strategy use on memory tasks may therefore provide greater insight
into spontaneous strategy use in aMCI. Furthermore, comparison with healthy older
adults would assist in determining whether aMCI groups demonstrate deficient use of
memory strategies and whether intervention can increase strategy use to normal levels.

Self-reported strategy use.
Two studies to date have compared self-reported strategy use on questionnaire
measures between memory impaired (although not classified as aMCI according to
generally accepted criteria) and healthy older adult samples. Chung and Man (2009)
compared self-reported strategy use in everyday life on the Multifactorial Metamemory
Questionnaire (MMQ) in a Chinese population who were divided into MCI and control
groups on the basis of CDR score (0.5 or 0 respectively), self- or informant-reported
cognitive decline, and reduced performance on a single category verbal fluency test, and
therefore were not classified into amnestic or non-amnestic subtypes. They found that the
MCI group reported using memory strategies to a lesser degree than controls, and
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although not distinguishing between internal and external memory strategies, they noted
that the strategies most reported by the MCI group included use of external aids and
formation of habits or routines.
While Dixon and de Frias (2007) also identified a reduction in the self-reported
use of memory strategies by a mild memory deficit (MMD) group over a six-year period,
they employed independent measures of internal and external strategy use and found that
it was external strategy use that significantly decreased over this time. Poignantly, their
control group reported a significant increase in the use of external memory strategies
over this period, despite comparable reports to the MMD group at baseline, possibly
providing support for the incorporation of strategy training in interventions for aMCI.
The interpretation of these results, however, is made difficult because similarly to Chung
and Man (2009), Dixon and de Frias’ MMD group was not equivalent to aMCI, nor were
the control group representative of a range of healthy older adults. Dixon and de Frias
simply selected the highest and lowest functioning participants from a communitydwelling sample to comprise their control and MMD groups respectively, with
classification as MMD based on performance at least one standard deviation below the
parent sample on episodic and semantic memory tests and classification as NIC based on
performance above this mean. Furthermore, both of these studies employed self-report
measures of strategy use without an objective comparison to determine the validity of the
reports.

Observed strategy use.
Only a handful of studies have compared objective measures of memory strategy
use between healthy older adults and individuals with aMCI, and all have employed
measures of clustering on word-list learning tasks. Clustering occurs when words are
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grouped together in specific patterns during recall and can be classified as serial,
subjective, or semantic clustering depending on the method employed to group the
words. Serial clustering occurs when words are grouped together during recall in the
same order as their presentation and thus given its passive nature can be considered a
non-strategic approach to the task. In accordance with this conceptualisation, extent of
serial clustering has been shown to be unrelated to memory performance (Delis, Kramer,
Kaplan, & Ober, 2000; Hill, Beers, Kmiec, Keshavan, & Sweeney, 2004). In comparison,
semantic clustering involves grouping words according to associated semantic categories
and has consistently been associated with improved recall of word-lists (Guerin & Miller,
2008; Hess, Auman, Colcombe, & Rahhal, 2003; Lachman & Andreoletti, 2006). This
improvement has been explained to result from more effective storage and retrieval due
to chunking of the information and the availability of effective retrieval cues (Baddeley,
2001; Guerin & Millar, 2008). Finally, subjective clustering is not explicitly defined but
is operationalised as the grouping of words in a consistent pattern across multiple trials,
which is thought to represent an individualised method of clustering (Shuell, 1969;
Tulving, 1962). Subjective clustering may reflect either a superficial approach to
grouping words (e.g., phonetically) or a deeper encoding method (e.g., via visual imagery
or elaboration) and can thus be of variable utility (Earhard, 1967; Matsui, Yuuki, Kato, &
Kurachi, 2006). In addition, the utility of subjective clustering can depend on which other
strategies are available for use in the memory task. For example, although subjective
clustering has been shown to be useful on unrelated lists of words, the same utility has
not been demonstrated on semantically organised word-lists (when semantic clustering
can be employed; Tulving, 1966).
Individuals with aMCI have demonstrated significantly reduced levels of
semantic clustering in studies by Perri et al. (2005) and Ribeiro et al. (2007).
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Furthermore, Price et al. (2010) found a similar reduction in semantic clustering but
equivalent levels of serial clustering in an aMCI group compared with controls. These
consistent findings provide strong evidence of deficient semantic clustering in aMCI
compared with typical older adults, however it is unclear whether this is due to a
generalised reduction in the use of memory strategies, decreased ability to apply the
strategy despite attempts to do so, or a failure to recognise the opportunity to apply the
strategy (i.e. that the list is comprised of various semantic categories). Providing
preliminary evidence that individuals with aMCI can increase their semantic clustering,
Ribeiro et al. found an equivalent increase in semantic clustering for both aMCI and
control groups after being provided with semantic cues.
The pattern of semantic clustering across learning and recall trials may provide a
clue as to the nature of the difficulties underlying the deficient use of the semantic
clustering strategy in aMCI. For example, if the aMCI group were attempting to employ
the strategy, but in a less efficient manner than healthy older adults, an increase in
clustering would be expected across trials - albeit to a lesser degree than that
demonstrated by controls. In contrast, if the aMCI group were not attempting to, or were
unable to employ the strategy, no increase in clustering would be expected. In Price et
al.’s (2010) study the control group showed a corresponding decrease in serial clustering
and increase in semantic clustering over the three trials of a 12-item categorisable wordlist, while the aMCI group maintained consistent use of both semantic and serial
clustering across the three trials (resulting in significantly reduced levels of semantic
clustering on the second, third, and delayed recall trials in comparison to controls). In
contrast, Perri et al. (2005) reported a slight and non-significant increase in semantic
clustering by both aMCI and control groups across five learning trials of a categorisable
16-item word-list. Furthermore, Ribeiro et al. (2007) found that both aMCI and control
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groups demonstrated an increase in clustering after semantic cueing, suggesting that
individuals with aMCI can benefit from more explicit indication as to the utility of the
strategy. Clearly further research is necessary to clarify the pattern of semantic clustering
across trials in aMCI and to determine the underlying cause of the reduction in use of this
strategy in this population.
As noted previously, it also remains unclear whether the findings of decreased
semantic clustering reflect isolated difficulties with that particular strategy (possibly due
to a reduced ability to access semantic associations as suggested by decreased verbal
category fluency performances, Alladi et al., 2006; Dudas et al., 2005; Lonie et al., 2008;
Lonie et al., 2009), or whether this deficit in strategy use extends to all cognitively
demanding and self-initiated strategies (i.e., internal strategies), or indeed the entire
range of memory strategies (i.e., both internal and external strategies). The only study to
observe use of a memory strategy other than semantic clustering in aMCI was by
Ramakers et al. (2010), who examined subjective clustering on an unrelated word-list.
They found that lower levels of subjective clustering, but not serial clustering, were
associated with an increased risk of conversion from aMCI to AD over a ten-year period,
and that levels of subjective clustering were significantly related to memory
performance. Nevertheless, they did not employ a control group to determine whether
subjective clustering was reduced in comparison to healthy older adults.

Summary.
In summary, the limited literature available provides evidence of reduced
spontaneous use of an internal memory strategy (semantic clustering) in aMCI compared
with healthy older adults and increased use of the strategy after being provided with
semantic cues, suggesting that individuals are able to employ the strategy to a greater
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extent than they do so spontaneously. In addition, Price et al. (2010) found that semantic
clustering was significantly associated with immediate and delayed recall with a
moderate effect size in their aMCI group, suggesting that those who used the memory
strategy were able to benefit from it. It still remains unclear, however, whether this
deficit in strategy use is pervasive across a wide range of strategies or is specific to
semantic clustering. Furthermore, to date there has not been any research investigating
observed use of external memory strategies in aMCI. It is plausible that the heavy
reliance on self-initiation entailed in the use of internal memory strategies may account
for the demonstrated deficits in aMCI given the concomitant difficulty with memory
tasks that entail greater self-initiation demands in this population (Troyer & Murphy,
2007). Therefore, it is possible that use of less cognitively demanding strategies (e.g.,
external memory strategies) may remain intact in aMCI. Clearly, more direct
examination of the use of a range of strategies in aMCI in comparison to healthy older
adults, and of the relationship between strategy use and memory performance, is
necessary. The three studies presented in Chapters 2, 3, and 4 addressed these gaps in the
literature by evaluating both self-reported and observed used of internal and external
memory strategies, and the relationship between strategy use and performance on
retrospective and prospective memory tasks. In addition to understanding the pattern of
strategy use in aMCI, identifying the underlying cause or causes for any decrease in
strategy use and, conversely, any possible means of increasing spontaneous strategy use
in this population is critical for the development of future interventions. In this regard,
Chapters 2, 3, and 4 each examined factors that could explain the pattern of strategy use
in aMCI: changes in strategy knowledge, memory control beliefs, and cognitive abilities,
respectively.
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1.5 Predictors of Strategy Use
1.5.1 Strategy knowledge.
The use of memory strategies rests on possession of, access to, and application of
knowledge about memory strategies and their efficacy in various scenarios. Therefore,
strategy knowledge must be considered as a factor that might impact on strategy use in
aMCI and that could account for the preliminary findings of reduced strategy use
(semantic clustering) in this population (Perri et al., 2005; Price et al., 2010; Ribeiro et
al., 2007). Support for strategy knowledge as a causal factor in the reduced use of
memory strategies in aMCI stems from the fact that strategy knowledge is essentially a
collection of semantic memories and that application of strategy knowledge to memory
tasks requires the selection and retrieval of appropriate strategies from a range of
alternatives (a function that has been attributed to the dorsolateral prefrontal cortex;
Frith, 2000). Given that the dorsolateral prefrontal cortex is susceptible to metabolic
change in aMCI (Anchisi et al., 2005), and that semantic memory deficits have been
increasingly identified in this population (Ahmed et al., 2008; Alladi et al., 2006; Dudas
et al., 2005; Lonie et al., 2008; Murphy et al., 2006), it is possible that individuals with
aMCI struggle to access and apply knowledge of memory strategies. It is extremely
difficult to determine whether impaired performances on semantic memory tasks reflect a
degradation of semantic stores, difficulty accessing the information in these stores, or
difficulty applying the semantic information to the task at hand; however, in everyday
functioning a combination of these factors (i.e., an ability to spontaneously access and
apply existing knowledge) is necessary in order to select and execute appropriate
memory strategies. As this thesis is most concerned about the use of strategies in
everyday life, strategy knowledge will be conceptualised as the overriding ability to
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access and apply existing strategy knowledge without distinguishing between the
integrity of semantic stores and access to these stores.
From a developmental perspective, Borkowski and colleagues (Borkowski, Carr,
and Pressley, 1987; Pressley, Borkowski, & O’Sullivan, 1985) proposed a simple
metacognitive model in which strategy knowledge was depicted as the key factor
determining strategy use and memory performance. They distinguished between general
and specific strategy knowledge, defining general strategy knowledge as the degree of
understanding an individual possesses regarding the ultimate benefit of exerting the
necessary effort to apply memory strategies. In contrast, specific strategy knowledge
includes an understanding of which strategies will be effective based upon task demands,
as well as knowledge of how and when to use these strategies. This proposed relationship
between strategy knowledge, strategy use, and memory performance has been
substantiated in developmental psychology, with children and adolescents increasing
their use of strategies and subsequently improving memory performance as they acquire
greater strategy knowledge (Beuhring & Kee, 1987). It is unclear, however, whether this
model is applicable in a geriatric population, particularly for individuals with emerging
memory difficulties such as aMCI. By late adulthood, individuals are expected to have
acquired knowledge of a vast range of memory strategies and to have established
preferences for particular memory strategies and incorporated them into habitual
routines. In line with this expectation, Brigham and Pressley (1988) found that older
adults commonly based their choice of memory strategy on familiarity with the strategy
or how easily the strategy could be executed. Therefore, it is possible that strategy
knowledge may not relate as strongly to strategy use in older age as it does for children,
and that in fact, increases in strategy use following strategy training stem from increased
experience with the trained memory strategies rather than increased strategy knowledge
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per se. In addition, specific to an aMCI sample, it is possible that psychological factors or
cognitive deficits associated with the condition may impact on both strategy knowledge
and use and alter the relationship between these two factors; however, this is yet to be
examined in aMCI.
Only two studies have examined strategy knowledge in aMCI to date and did so
in the context of determining the efficacy of cognitive intervention rather than examining
strategy knowledge as a factor that might account for decreased strategy use. Troyer et al.
(2008) and Kinsella et al. (2009) both demonstrated increases in strategy knowledge
following memory strategy training, by asking participants to list relevant strategies for
hypothetical memory scenarios. These results provide evidence that strategy knowledge
is not at ceiling in this clinical sample, and encouragingly, is amenable to intervention.
Neither of the studies employed a healthy control group, however, and therefore it is not
possible to ascertain whether strategy knowledge is decreased in aMCI in comparison to
typical aging, and whether intervention improves strategy knowledge to expected levels.
In addition, neither study directly examined the relationship between strategy knowledge,
strategy use, and memory performance, but instead examined the pre- to postintervention changes in these factors. As described in section 1.4.2, Troyer et al. and
Kinsella et al. reported contradictory results regarding changes in strategy use and
memory performance at immediate and longer-term post-intervention follow-up despite
both identifying a sustained increase in strategy knowledge. The inconsistent findings
regarding strategy use may be partially explained by the use of self-report measures to
ascertain strategy use and the possible impact that reduced awareness may have on the
validity of self-reports. Therefore, it is important for future research to conduct
observations of strategy use on memory tasks and to directly examine the relationships
between strategy knowledge, observed strategy use, and memory performance.
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On the basis of the studies by Troyer et al. (2008) and Kinsella et al. (2009), it
remains unclear whether strategy knowledge is reduced in aMCI in comparison to
healthy older adults, and whether strategy knowledge significantly impacts on strategy
use and memory performance in this population. Study 1 (reported in Chapter 2) aimed
to address these gaps in the literature by comparing strategy knowledge between an
aMCI and a control group, and by investigating the nature of the relationships between
strategy knowledge, strategy use, and memory performance for each group. Evidence for
the theorised associations between knowledge and use of memory strategies and memory
performance would provide an incentive to target strategy knowledge in interventions for
aMCI as a means of increasing strategy use and ultimately memory performance. If
reduced strategy knowledge is an important factor in the deficient use of memory
strategies demonstrated by individuals with aMCI, it would be expected to result in a
pervasive deficit across all types of memory strategies (i.e., both internal and external
strategies). In contrast, other factors could account for either a generalised deficit or a
selective decrease in the use of internal strategies, despite a retained ability to use
external strategies. For example, psychological factors, such as expectations and beliefs,
or cognitive deficits preventing efficient strategy selection or use despite attempts to do
so, may have a differential impact on internal and external strategy use. These factors
warrant further consideration until it can be ascertained whether external strategy use in
aMCI is reduced in a comparable manner to internal strategy use, or is relatively
maintained.

1.5.2 Expectations and beliefs.
It is well established that expectations and beliefs impact on behaviour, and
therefore they may also play a role in determining memory strategy use and memory
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performance. Expectations and beliefs about memory are subsumed under the concept of
metamemory, defined by Schmidt, Zwar, Berg, and Deelman (1999) as the knowledge,
perceptions, and beliefs an individual holds about his or her own memory functioning
and memory in general. As such, metamemory encompasses a broad range of functions
including: knowledge of memory strategies, memory ability (self-efficacy), and memory
processes and tasks; use of memory strategies; involvement in memory-supporting
activities; an understanding of the bidirectional influence of anxiety and memory
performance on each other; and perceptions and beliefs regarding the importance of
memory, stability of memory, and the extent of control one has over memory (termed
control beliefs, locus of control, or causal attributions; Dixon & Hultsch, 1983).
Studies examining the relationship between metamemory and memory
performance have largely been conducted in the context of healthy aging and have
elicited variable results. While some studies have found that cognitive restructuring of
beliefs and attributions improves memory to an equivalent degree to memory strategy
training (Caprio-Prevette & Fry, 1996; Lachman, Weaver, Bandura, Elliott &
Lewkowicz, 1992), others have found non-significant or weak relationships between
metamemory and memory performance (Schmidt, Berg, & Deelman, 2001), or an
increase in one but not the other following intervention (Schmidt et al., 1999). This
variability may be due to the wide range of measures employed to ascertain both
metamemory and memory performance (Cook & Marsiske, 2006; Moscovitch &
Winocur, 1992), or as Dixon and Hultsch (1983) contend, because the various
metamemory functions have different relationships with memory performance and these
relationships change with age. Therefore, it is important to investigate the relationship
between individual metamemory functions and memory performance in order to develop
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an understanding of how these aspects may be manipulated in interventions in order to
improve performance.
In regards to the current research question of which factors might influence
strategy use and be targeted to improve memory performance, theoretical arguments by
Bandura (1977; 1993), Borkowski, Carr, Rellinger and Pressley (1990), and Lachman
(2000) intimate self-efficacy and control beliefs as prime candidates. Bandura
hypothesised that self-efficacy is the key factor determining the extent of implementation
and persistence of coping behaviours and the amount of effort individuals are willing to
exert in challenging circumstances. Similarly, Borkowski et al. contend that self-efficacy
and control beliefs influence the encodability of memory as well as strategy acquisition
and transfer. From a slightly different perspective, Lachman (2000) has proposed that as
well as directly impacting on strategy use during memory tasks, control beliefs can
impact on the outcome of strategy training, as those who believe that they have little
control over their memory are less likely to exert the necessary effort to learn, let alone
apply memory strategies.
Although self-efficacy (an individual’s beliefs regarding their ability to produce
an outcome) and control beliefs (an individual’s beliefs regarding the extent of control
they have over their memory) have been investigated independently of one another, there
is a clear overlap between these two functions, reflected in the two terms frequently
being used interchangeably. In accordance with this overlap, Miller and Lachman (1999)
have conceptualised control beliefs as a broader concept incorporating both self-efficacy
(beliefs regarding one’s own influence on performance) and beliefs regarding the
influence of external factors (e.g. task difficulty) on performance. This broader
conceptualisation of control beliefs is useful and will be employed for the purpose of this
thesis. Even amongst studies employing this conceptualisation of control beliefs,
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however, discrepancies have arisen due to the use of non-specific terminology, such as
internal and external causal attributions, without further clarification as to the nature of
the attributions (Dixon & Hultsch, 1983; Ellis & Franklin, 1983; Luszcz, 1993). While
internal stable factors (e.g. age) and external factors (e.g., task difficulty) can be
considered uncontrollable, internal amenable factors (e.g., effort and strategy use) can be
considered controllable. Therefore, distinguishing between attributions on an
internal/external basis is not harmonious with the distinction between controllable and
uncontrollable attributions. As such, causal attributions for memory performance will
simply be referred to as controllable or uncontrollable for the remainder of this thesis.

Control beliefs and memory performance in typical aging.
Research into healthy aging has consistently identified a reduced sense of control
over memory in older adults as compared with younger adults, even after excluding age
as an uncontrollable factor (Devolder & Pressley, 1992; Dixon & Hultsch, 1983;
Hertzog, McGuire, & Lineweaver, 1998; Hultsch, Hertzog, & Dixon, 1987; Jopp &
Hertzog, 2007; Lachman, 1991; Luszcz, 1993). While younger adults are more likely to
attribute memory performance to controllable factors, older adults more commonly make
uncontrollable attributions (Blatt-Eisengart & Lachman, 2004; Devolder & Pressley,
1992; Dixon & Hultsch, 1983; Hertzog et al., 1998; Rebok & Balcerak, 1989), and tend
to believe that an age-associated decline in memory is inevitable (Lachman et al., 1995).
Interventions targeting control beliefs through cognitive restructuring or cognitive
behavioural therapy, however, have produced an increased sense of control over memory
for older adults (Dellefield & McDougall, 1996; Lachman et al., 1992), as well as
sustained improvements in memory performance in some studies (Caprio-Prevette & Fry,
1996) but not others (Lachman et al., 1992). Therefore, although control beliefs appear to
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be amenable to intervention in older age, greater investigation is needed to determine
their effect on memory performance and if they provide an appropriate means for
psychological intervention to improve memory performance (Lachman, 1991). CaprioPrevette and Fry (1996) have argued that adding cognitive restructuring of control beliefs
to strategy training interventions may result in more generalised improvements than
memory strategy training alone, which tends to improve performance only on tasks that
are specifically trained in the intervention (Ball et al., 2002; Dixon et al., 2007; Troyer,
2001; Verhaeghen et al., 1992).
In regards to the relationship between control beliefs and memory performance, it
has been contended that attributing memory failures to uncontrollable factors such as age
or ability leads to a sense of helplessness and poor performance, while attributions to
controllable factors result in better memory performance (Dixon et al., 2007; Lachman &
Andreoletti, 2006; Lachman, Bandura, Weaver, & Elliott, 1995). Numerous studies have
provided evidence for this hypothesis, with individuals with high control beliefs
outperforming those with low control beliefs across a variety of memory tests (Devolder
& Pressley, 1992; Ellis & Franklin, 1983; Hertzog et al., 1998; Jopp & Hertzog, 2007;
Lachman, 1991; Lachman, Steinberg & Trotter, 1987; Lachman et al., 1995; Lachman,
Andreoletti, & Pearman, 2006; West & Yassuda, 2004; Windsor & Anstey, 2008).
Moreover, control beliefs have been found to account for a significant proportion of the
age-related variance in memory performance (Blatt-Eisengart & Lachman, 2004; Riggs,
Lachman, & Wingfield, 1997). Devolder and Pressley (1992) provided the clearest
example of the impact of age differences in control beliefs on memory performance in
their study, demonstrating that older adults with high control beliefs performed
comparably to younger adults across recall and recognition tasks.
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Of note, both Dixon and Hultsch (1983) and Lachman et al. (2006) identified a
stronger relationship between control beliefs and memory performance in older as
compared with younger adults; and Lachman and Andreoletti (2006) similarly found that
control beliefs were significantly related to performance for middle-aged and older
adults, but not for younger adults. This finding can be interpreted in two ways. Firstly,
according to Lachman (1991), beliefs are more influential in performance-threatened
domains due to competition between the information to be remembered and negative
belief preoccupations, which in turn reduces the amount of information that can be
retained and maintains the negative beliefs. Both younger and older adults associate
aging with deterioration in memory and attribute older adults’ memory failures to
reduced ability (Best, Hamlett, & Davis, 1992; Erber, Szuchman, & Rothberg, 1990; Parr
& Siegert, 1993), therefore, memory may be construed as a domain in which
performance is threatened for older but not younger adults. An alternative explanation for
the stronger relationship between control beliefs and memory performance in later age
has been proposed by Miller and Lachman (2000), based on the assumption that control
beliefs determine the level of effort and strategy use on tasks and that these factors have a
greater scope for influence on age-sensitive tasks (such as memory tasks).

Control beliefs and strategy use in typical aging.
In accordance with their hypothesis regarding the link between control beliefs,
strategy use, and memory performance, Miller and Lachman (1999; 2000) have proposed
a conceptual model to explain the processes linking control beliefs and memory
performance in older adults. Based on Bandura’s (1997) social learning theory and
Kuypers and Bengston’s (1973) social breakdown syndrome, the model specifies
motivational (e.g., effort and attention), physiological (e.g., exercise and stress levels),

59
behavioural (e.g., strategy use), and affective (e.g., anxiety and depression) factors as
mediating the relationship between control beliefs and memory performance. According
to this model, either a perceived or actual decline in sense of control results in faulty
monitoring of performance, reduced effort and use of memory strategies, and increased
anxiety in the face of memory challenges, which in turn reduces memory performance
and, subsequently, beliefs regarding control over memory. This model suggests that the
relationship between control beliefs and memory performance is bidirectional and
dynamic, and that intervention at the level of control beliefs should result in successive
improvements in the mediators specified above (including strategy use) and, ultimately,
memory performance. Despite the relatively comprehensive nature of this model, little
empirical research has been conducted on the possible mediators linking control beliefs
and memory performance (Miller & Lachman, 1999).
Only a few studies have contributed to the literature regarding the role of strategy
use as a mediator in the relationship between control beliefs and memory performance
for older adults. Both Lachman et al. (2006) and Riggs et al. (1997) identified significant
associations between control beliefs, strategy use, and memory performance in healthy
older adult samples but did not statistically examine whether strategy use mediated the
relationship between control beliefs and memory performance. In contrast, Hertzog et al.
(1998) directly examined this mediation effect and found that despite similar positive
relationships to those identified by Lachman et al. and Riggs et al. (i.e., those with higher
control beliefs reporting greater strategy use and demonstrating better memory
performance), the magnitude of the indirect effect was relatively small. Their sample,
however, was comprised of adults of all ages and therefore, given the theorised and
empirical findings of a stronger relationship between control beliefs, strategy use, and
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memory performance for older adults, the effect size may have been dampened by the
inclusion of younger adults.
In addition to the limited amount of literature available in this area, there has been
inconsistency in results and effect sizes depending on the measures of control beliefs,
strategy use, and memory performance employed. For example, Lachman et al. (2006)
found that older adults who reported greater control over cognitive functioning
demonstrated superior strategy use and performance on a word-list recall task. While
Riggs et al. (1997) found a similar pattern of results for a prose-passage memory task;
this pattern was not upheld for a word-list learning task. Similarly, Devolder and Pressley
(1992) found that older adults who made controllable attributions demonstrated
marginally more efficient strategy use on a face-name learning task but not on a word-list
or prospective memory task. This differential association between control beliefs and
strategy use across various memory tasks may be due to variability in the range of
strategies that can be employed on certain memory tasks, or because tasks that
necessitate more cognitively demanding strategies (i.e., internal strategies) require more
effort and are thus more strongly related to control beliefs. Similarly to the variation in
memory performance measures, the way in which control beliefs have been measured
has varied widely amongst studies, ranging from rankings of influential factors or level
of control immediately after completing a memory task, to questionnaire items regarding
level of control over cognitive ability, memory in general, or memory in specific
scenarios (Devolder & Pressley, 1992; Hertzog et al., 1998; Lachman et al., 2006).
Lachman (1986) contends that domain-specific measures (i.e., beliefs regarding control
over a specific behaviour or cognitive domain) should show stronger correlations with
performance in that domain than more global measures, possibly accounting for some of
the discrepancy in results.
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Although there is preliminary evidence that control beliefs influence strategy use
and subsequently memory performance, the lack of consistent results across studies
highlights the need to examine this model more directly. Lachman and Andreoletti
(2006) recently undertook this task by statistically examining whether strategy use
mediated the control beliefs – memory performance relationship in independent samples
of healthy young, middle-aged, and older adults. They found that a significant
relationship between control beliefs (measured using a global measure of control over
general intellectual functioning) and immediate recall of a word-list was fully mediated
by a semantic clustering strategy for middle-aged adults, and partially mediated for older
adults. Semantic clustering was not a significant mediator for the younger adult sample.
This suggests that increasing control beliefs through psychological intervention may
indeed result in an increase in strategy use and consequently memory performance for
older adults. There is a paucity of research, however, examining control beliefs and the
relationship between control beliefs, strategy use, and memory performance in aMCI and
so it is unclear whether this pattern of results will be upheld in this population or
disrupted by disease-related factors (e.g., cognitive changes related to the underlying
neuropathology).
Miller and Lachman’s (1999; 2000) model predicts that control beliefs should be
reduced in individuals with aMCI on the basis of the negative impact that repeated
experiences of memory failure have on control beliefs. No research, however, has
directly examined whether control beliefs differ between aMCI and healthy older adult
samples, although the very limited research into self-efficacy in aMCI has produced
contradictory results. For example, Chung and Man (2009) found that an MCI group
rated their memory ability comparably to a control group, while Cook and Marsiske
(2006) found memory capacity to be rated as significantly poorer by an aMCI group
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compared with controls. Interestingly, in Cook and Marsiske’s study an internal
management and motivation factor (reflecting locus of control, achievement motivation,
and knowledge of how to support memory, and so therefore overlapping somewhat with
control beliefs), did not significantly differ between the groups and was unrelated to any
measures of memory performance. Finally, although Rapp et al. (2002) did not compare
control beliefs with a non-clinical control group, they found that an aMCI group
significantly increased their sense of control over memory following cognitive
restructuring, suggesting that control beliefs are not at ceiling in this population, and are
amenable to intervention. Reduced control beliefs in aMCI could explain either a
generalised reduction in the use of memory strategies (due to beliefs that strategies will
not improve memory performance) or a greater reduction in the use of cognitively
demanding strategies (e.g., internal strategies) due to effort also being implicated as a
meditational factor in Miller and Lachman’s model.

Summary.
In summary, control beliefs have been found to affect strategy use and memory
performance on at least some memory tasks for healthy older adults, and are amenable to
intervention, suggesting a possible target for future psychological interventions in aMCI.
There is a paucity of research, however, determining whether control beliefs are reduced
in aMCI as compared with healthy older adults, and examining the relationship between
control beliefs, strategy use, and memory performance in this population. Therefore, it is
currently unclear whether control beliefs impact on strategy use and memory
performance for individuals with aMCI and whether this is an avenue that can be
exploited in interventions, or whether factors associated with the condition (such as
cognitive deficits preventing the selection and application of memory strategies) disrupt
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the typical relationship between control beliefs, strategy use, and memory performance.
Study 2 (presented in Chapter 3) reflects the first research to address these unanswered
questions in the literature on aMCI, particularly in regards to whether the previously
identified associations between control beliefs, strategy use, and memory performance
for healthy older adults are upheld for individuals with aMCI.

1.5.3 Cognitive abilities.
Despite possession of adequate strategy knowledge and the motivation and intention
to use memory strategies (due to beliefs that strategy use can improve memory
performance), deficient use of memory strategies may still occur if the cognitive abilities
underlying the selection and application of memory strategies are impaired. Multipledomain aMCI by definition involves deficits in at least one cognitive domain other than
memory, however evidence is beginning to emerge of subclinical impairment across nonmemory cognitive domains even amongst individuals classified as single-domain aMCI
(Ahmed et al., 2008; Alladi et al., 2006; Dudas et al., 2005; Estévez-González et al.,
2004; Grundman et al., 2004; Lonie et al., 2008; Petersen et al., 1999). Therefore, it is
possible that these additional cognitive deficits may somewhat account for the findings of
reduced semantic clustering in aMCI (Perri et al., 2005; Price et al., 2010; Ribeiro et al.,
2007). Furthermore, given the individual variability in cognitive profiles captured under
aMCI, it is plausible that such variability also exists in the ability to apply certain
memory strategies. Accordingly, understanding the cognitive functions that support
memory strategy use and examining these abilities in individuals with aMCI would allow
for interventions to be targeted to individuals and their level of cognitive functioning.
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Brain regions and cognitive functions associated with strategy use.
In regards to the brain regions and associated cognitive functions underlying
strategy use, Moscovitch and Winocur’s (1992) working with memory model attributes
the strategic processing component of memory (which plays a major role in the encoding
and retrieval of information) to the frontal lobes and in particular the prefrontal cortex.
During encoding, Moscovitch and Winocur purport that the key role of frontal systems is
to allocate attention to information that will later serve as retrieval cues, while at retrieval
frontal systems verify and provide spatiotemporal order to information retrieved from
memory stores. Thus, theoretically, frontal systems should play a more substantial role in
self-initiated memory strategies (e.g., internal strategies) as opposed to strategies relying
on external cues.
Numerous imaging studies have provided support for this hypothesised role of
frontal systems in the use of self-initiated memory strategies in non-clinical samples,
with frontal regions (particularly the prefrontal cortex) showing activation during use of a
range of internal memory strategies (including semantic clustering, organisation of visual
material, and elaborative rehearsal; Bor, Duncan, Wiseman, & Owen, 2003; Fletcher,
Shallice & Dolan, 1998; Savage et al., 2001; Wagner, Maril, Bjork, & Schacter, 2001).
Complementary to these results, individuals with frontal lobe lesions demonstrate a clear
reduction in the spontaneous use of internal memory strategies, with studies identifying
deficient levels of subjective organisation, semantic clustering, pre-planning of
responses, and the creation of associations between words (Baldo, Delis, Kramer, &
Shimamura, 2002; Burgess & Shallice, 1996; Gershberg & Shimamura, 1995; Savage et
al., 2000; Stuss, Craik, Sayer, Franchi, & Alexander, 1996). Nevertheless, there is
consistent evidence that these individuals are able to use the strategies when explicitly
instructed to, or when organisational structure is incorporated into the task, highlighting
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the underlying difficulty with self-initiation of these memory strategies (Baldo et al.,
2002; Gershberg & Shimamura, 1995; Incisa della Rocchetta & Milner, 1993; Savage et
al., 2000).
In a similar pattern to frontal-lobe patients, Logan, Sanders, Snyder, Morris, &
Buckner (2002) found that healthy older adults did not activate frontal regions to the
same extent as younger adults when spontaneously initiating memory strategy use, but
demonstrated nearly equivalent activation of these brain regions when the memory task
was structured in a manner that supported memory strategy use. On the basis of this
finding, they suggested that decreased utilisation of frontal resources could at least
partially account for the decreased use of internal memory strategies observed in older
age. Theoretically, such a hypothesis could also account for the reduced spontaneous
semantic clustering observed in aMCI, given that numerous neuroimaging studies have
identified atrophic and functional changes in frontal brain regions in aMCI (Anchisi et
al., 2005; Barbeau et al., 2008; Brandt et al., 2009; Dannhauser et al., 2008).
Although it is relatively established that frontal brain regions are involved in the
use of internal memory strategies, it is necessary to understand the cognitive functions
associated with these regions that support strategy use and may be impaired in aMCI in
order to allow easy and economical detection of difficulties and to assist in designing
appropriate interventions. Moscovitch and Winocur (1992) contend that the key role of
the frontal lobes during encoding is the allocation of attention to information in order to
provide strong enough cues at retrieval to automatically elicit memories stored by the
medial temporal system. Successful allocation of attention during cognitively challenging
tasks and in everyday life requires the ability to maintain focused attention, to shift
attention between competing demands, and to selectively attend to relevant information
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while inhibiting unimportant information. These higher order attentional skills have been
termed executive attention (Baddeley, 2001).
Consistent with Moscovitch and Winocur’s (1992) model, Bouazzaoui et al.
(2010) have argued that executive attention skills are necessary to generate memory
goals and strategies and to implement deep encoding and adequate retrieval processes,
and thus are critical to the use of internal memory strategies, but not external memory
strategies. This is because external strategies often automatically provide the necessary
retrieval cue when the to-be-remembered event arises; for example, an alarm ringing
when it is time to leave for an appointment or medications being visible in the relevant
section of the dosette box. While studies have identified significant positive correlations
between measures of executive attention and spontaneous use of internal memory
strategies for non-clinical samples (Bryan, Luszcz, & Pointer, 1999; Taconnat, Clarys,
Vanneste, Bouazzaoui, & Isingrini, 2007), supporting the theorised role of executive
attention in internal strategy use, no research to date has examined the relationship
between executive attention and the observed use of external strategies to determine
whether the cognitive functions underlying external strategy use differ from those for
internal strategy use. Bouazzaoui et al., however, have provided preliminary support for
the hypothesised distinction between internal and external memory strategy use in a nonclinical adult sample using a self-report questionnaire to ascertain strategy use in
everyday life (rather than observation of strategy use on memory tasks) and a composite
measure of executive functioning (incorporating tests of executive attention). While
executive functioning significantly correlated with self-reported internal strategy use,
there was no significant relationship with self-reported external strategy use. Yet, as
noted previously, the validity of self-report measures has been questioned even in
cognitively intact older adults (Troyer & Rich, 2002), and so without research employing
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objective measures of external strategy use it remains unclear as to whether executive
attention plays a differential role in internal strategy use as compared with external
strategy use.

Executive attention and strategy use in aMCI.
In light of the associations documented between measures of executive attention
and internal strategy use, and propositions that reduced attentional capacity can account
for the decline in internal strategy use in older age (Anderson & Craik, 2000; Craik,
1986; Buckner, 2004), it is possible that attentional deficits could also explain the
decreased use of internal memory strategies in aMCI. AD has been conceptualised as
both an amnesic (hippocampal) and dysexecutive disorder (Becker, 1987) and therefore it
is unsurprising that deficits in executive attention have been identified in early AD
(Crowell et al., 2002; Grady et al., 1988; Haxby et al., 1990), and in the years preceding a
diagnosis of AD (Bäckman, Jones, Berger, Laukka, & Small, 2004; Chen et al., 2001).
Similarly, deficits in executive attention have been increasingly identified in aMCI (even
amongst individuals classified as having single-domain aMCI), with performances on
tasks generally intermediate to those of healthy older adult and AD groups and
worsening as the disease progresses (Brandt et al., 2009; Crowell et al., 2002; Kramer et
al., 2006; Tales, Haworth, Nelson, Snowden, & Wilcock, 2005; Tales, Snowden,
Haworth, & Wilcock, 2005). These findings have led researchers to suggest that
executive dysfunction (at clinical or subclinical levels) commonly coincides with
memory impairment in aMCI and that in fact pure single-domain aMCI may be relatively
rare (Crowell et al., 2002; Kramer et al., 2006). In terms of the specific aspects of
attention that are impaired in aMCI, Okonkwo, Wadley, Ball, Vance, & Crowe (2008)
identified a hierarchical pattern of impairment with the greatest decrements evident on
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measures of divided attention, followed by selective attention, and the least impairment
on simple attention tasks. Other studies have also examined focused attention and
attentional control in aMCI, and demonstrated reduced performances in comparison to
control groups (Levinoff, Saumier, & Chertkow, 2005; Perry & Hodges, 2003).
Given the frequency of attentional impairment in aMCI, it is feasible that these
deficits may at least partially account for the reduced spontaneous use of internal
memory strategies observed in this population. However, only one study has examined
the relationship between executive attention and internal memory strategy use in an
aMCI sample to date. In contradiction to the theories and results presented above, Price
et al. (2010) found that for both an aMCI and a healthy control group, strategy use
(measured as the extent of semantic clustering employed on a word-list learning task)
correlated significantly with a measure of semantic verbal fluency but not other measures
of executive attention (e.g., set-shifting and divided attention). The weight of these
results is unclear however, given the relatively small sample size employed (33
individuals in each group) and the substantial heterogeneity in cognitive functioning in
an aMCI population.

Summary.
Although evidence exists for the link between executive attention and internal
memory strategy use in healthy aging, and numerous studies have identified executive
attention deficits in aMCI, more research is required to determine whether executive
attention abilities impact on internal strategy use in this population. Furthermore, there is
a paucity of studies examining external strategy use in aMCI and determining whether a
relationship exists between executive attention and observed use of external strategies in
both healthy aging and aMCI. This information is important in designing tailored
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interventions for persons with aMCI as the substantial heterogeneity identified in
cognitive functioning (even within the classification of single-domain aMCI) may result
in variable capacities to apply certain memory strategies. For example, if executive
attention underlies internal but not external memory strategy use, it follows that
individuals with significant attentional deficits may benefit more from training in
external memory strategies (which mitigate some of the high attentional demands
associated with use of internal strategies; Troyer et al., 2008). In order for this to be
implemented in intervention designs, greater knowledge is needed regarding the
spontaneous use of memory strategies in aMCI and the relationship between executive
attention and strategy use to determine whether executive attention abilities underlie the
use of both internal and external memory strategies, or are exclusive to the self-initiated
and cognitively demanding nature of internal memory strategies. To inform the
development of more targeted interventions for aMCI, Study 3 (reported in Chapter 4)
investigated whether executive attention was impaired in an aMCI group compared with
a control group, and whether executive attention played a differential role in the use of
internal as compared with external memory strategies.

1.6 Rationale and Aims of the Current Research
The escalation in prevalence of dementia predicted in the future has highlighted
the need for early intervention techniques that can assist in maximising functional
capacity and quality of life for affected individuals, and minimising burden for families
and society. In regards to AD, aMCI has been suggested to reflect this early stage where
intervention might prove most effective (Petersen, 2004). Although beneficial
pharmacological treatments are yet to be identified for aMCI, cognitive interventions
may prove useful as a stand-alone treatment or in conjunction with future drug treatments
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(Kinsella et al., 2009). In order to devise targeted cognitive interventions, it is necessary
to understand the cognitive deficits characteristic of aMCI, the underlying cause for these
deficits, and the way in which these deficits can be approached in interventions.
Impairment in episodic memory is the definitive feature of aMCI, although
concomitant semantic memory deficits are increasingly being identified (Ahmed et al.,
2008; Alladi et al., 2006; Dudas et al., 2005; Lonie et al., 2008; Lonie et al., 2009). Both
theoretical and empirical lines of research suggest that employing memory strategies can
improve memory performance, and accordingly, current psychological interventions for
aMCI frequently include memory strategy training. Little is known, however, about the
level of spontaneous strategy use in aMCI as compared with healthy aging, and the
relationship between strategy use and memory performance in this population. Moreover,
although preliminary findings suggest that aMCI is characterised by deficient use of at
least one internal memory strategy (semantic clustering; Perri et al., 2005; Price et al.,
2010; Ribeiro et al., 2007), the underlying cause for this reduction in strategy use
remains unknown. Clearly, understanding any deficiency in memory strategy use in
aMCI and the factors affecting strategy use in this population will be critical to
developing more targeted and efficacious cognitive interventions and ultimately
improving memory performance and functional independence.
The overriding aim of the current research was to inform the development of
more targeted cognitive interventions for aMCI by addressing the inconsistencies and
gaps in the literature revealed in this review. In order to extend the limited literature
available regarding spontaneous strategy use in aMCI, Studies 1, 2, and 3 (presented in
the following three chapters respectively) compared self-reported and observed use of
internal and external memory strategies between aMCI and control groups. The samples
in Studies 1 and 2 were completely independent of one another, while the sample in
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Study 3 combined participants from the first two studies. Although this resulted in some
overlap, this was considered acceptable given that Study 2 only examined use of the
semantic clustering strategy, while Studies 1 and 3 examined a broader range of
strategies. A related aim, which was investigated across Studies 1 and 2, was to establish
the relationship between strategy use and memory performance in aMCI to determine
whether, and to what extent, individuals with aMCI could benefit from using memory
strategies.
The third aim of the current research was to identify factors that impact on
strategy use in aMCI and that could account for the pattern of strategy use identified in
the three studies. In this regard, each study investigated a different hypothesised predictor
of strategy use: strategy knowledge, memory control beliefs, and executive attention.
Study 1 investigated strategy knowledge on the basis of the emergent findings of
semantic memory deficits (Ahmed et al., 2008; Alladi et al., 2006; Dudas et al., 2005;
Lonie et al., 2008; Lonie et al., 2009) and metabolic changes in dorsolateral prefrontal
cortex regions (Anchisi et al., 2005) in aMCI, which could impair the ability to access
and apply knowledge of memory strategies and subsequently strategy use. Study 2
applied Miller and Lachman’s (1999; 2000) theoretical model to aMCI, and investigated
whether reduced beliefs in the ability to control memory (due to repeated memory
failures) could account for a reduction in strategy use. Finally, Study 3 investigated
whether the increasingly identified impairments in executive attention in aMCI (Brandt
et al., 2009, Crowell et al., 2002; Kramer et al., 2006; Levinoff et al., 2005; Perry &
Hodges, 2003; Tales, Haworth et al., 2005; Tales, Snowden et al., 2005), could account
for the pattern of strategy use.
The background literature, hypotheses, methods, results, and a brief discussion of
the findings for Studies 1, 2, and 3 are presented in Chapters 2, 3, and 4 respectively. The
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final chapter (Chapter 5) synthesises and discusses the overall findings of the three
studies in relation to the existing literature, and the implications for the future
development of cognitive interventions for aMCI.
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Abstract
Despite the inclusion of memory strategy training in many interventions for
amnestic Mild Cognitive Impairment (aMCI), little research has directly examined
knowledge and use of memory strategies in aMCI and their relationship to memory
performance in order to guide the development of targeted interventions. The present
study aimed to compare strategy knowledge and use between an aMCI and healthy
older adult (HOA) sample and to determine the contribution of strategy knowledge
and use to memory performance in each of these groups. The sample comprised 37
aMCI and 52 HOA participants aged over 60 years. All participants completed
questionnaires to assess strategy knowledge and self-reported use of internal and
external strategies in everyday life. In addition, strategy use was observed on the
measures of retrospective and prospective memory performance (the CVLT-II and the
CAMPROMPT). The aMCI group demonstrated decreased strategy knowledge and
observed use of internal strategies, although equivalent observed use of external
strategies, compared to the HOA group. Furthermore, they reported equivalent use of
both internal and external strategies. Observed use of strategies was significantly
associated with retrospective memory performance for both groups and prospective
memory performance for the aMCI group, supporting the inclusion of strategy
training in interventions.
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Introduction
Amnestic mild cognitive impairment (aMCI) is characterised by memory
deficits beyond those expected due to typical aging, occurring in the context of
otherwise generally preserved cognitive functioning and activities of daily living
(Petersen et al., 2001). This form of MCI is considered an intermediate phase between
healthy aging and Alzheimer’s disease (AD) for some individuals (Petersen, 2004),
and therefore provides a valuable opportunity for early intervention. The current lack
of efficacy of pharmacological treatments for aMCI (Aisen, 2008) focuses attention
on psychological management.
A recent meta-analysis of cognitive intervention in aMCI by Li et al. (2011)
has encouragingly reported improved general cognitive ability, daily functioning,
quality of life, and psychological functioning following intervention, although only a
small effect on objective memory performance on standardised memory tests. Further,
the wide variety of intervention techniques employed by the individual studies limited
interpretation as to which techniques were most effective. Many of the studies
included in the meta-analysis employed memory strategy training as an intervention
technique, reflecting a metacognitive model such as that proposed by Borkowski,
Carr, and Pressley (1987) which asserts that increased strategy knowledge and
strategy use leads to better memory performance. However, Borkowski et al.’s model
was proposed from a developmental perspective and therefore whether this model is
applicable in geriatric populations (where strategy knowledge is established and other
factors may impact on strategy use), remains to be comprehensively investigated.
While episodic memory deficit is the cardinal feature in aMCI (Petersen,
2004), more recent studies have also identified an impaired ability to access semantic
memory (Ahmed, Arnold, Thompson, Graham & Hodges, 2008; Lonie et al., 2009;
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Murphy, Rich & Troyer, 2006). This provides grounds for expecting that the ability to
access strategy knowledge (based in semantic memory) will be impaired in aMCI.
Although it is interesting to distinguish the existence of strategy knowledge from the
ability to access this knowledge; pragmatically, a combination of these factors (i.e. the
ability to spontaneously access existing knowledge) is most relevant as to whether
strategy knowledge is utilised in everyday functioning. Therefore, the current study
conceptualised strategy knowledge as including both the existence of knowledge and
the ability to access this knowledge, consistent with previous research in aMCI
(Troyer, Murphy, Anderson, Moscovitch, & Craik, 2008; Kinsella et al., 2009).
Troyer et al. (2008) and Kinsella et al. (2009) measured strategy knowledge in
aMCI by asking participants to list strategies relevant to hypothetical memory
scenarios. Both studies found an increase in strategy knowledge following mnemonic
training, however neither study employed a healthy control group. Therefore, it is not
clear whether the aMCI participants were originally deficient in strategy knowledge
and whether training improved knowledge to a level equivalent to age-matched peers.
In addition, neither study directly examined the relationship between strategy
knowledge and memory performance. Although both studies found no improvement
on standardised retrospective memory tasks, Kinsella et al. also examined prospective
memory function (ability to remember future intentions) and were able to demonstrate
stable improvements on these tasks following intervention. This raises the possibility
of a differential impact of strategy training on prospective as compared to
retrospective memory performance.
Memory strategies can be broadly defined as internal (e.g. visual imagery) or
external (e.g. using an alarm). Internal strategies have been described as more
cognitively demanding (Lovelace & Twohig, 1990) and more difficult for older adults
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due to a decrease in effortful self-initiated processes with age (Anderson & Craik,
2000). Supporting this theory, Bouazzaoui et al. (2010) found decreases in selfreported internal strategy use with age that could be explained by age-related
decreases in executive functioning abilities. In contrast, self-reported use of external
strategies, which rely on alterations of the environment and external cues (Fort,
Adoul, Holl, Kaddour & Gana, 2004), was not related to executive functioning and
was found to increase with age. Consequently, individuals with aMCI would be
expected to use fewer internal strategies given evidence of emergent executive
functioning deficits (Brandt et al., 2009; Traykov et al., 2007). Such limitations to
using a strategy, irrespective of knowledge of the strategy, highlight the importance of
the ability to access a range of strategies (or greater strategy knowledge) in order to
select alternatives that are better suited to an individual’s capabilities.
In contrast to the expectations outlined above, Dixon and de Frias (2007)
found no difference in self-reported use of internal strategies between a memoryimpaired (although not diagnosed as aMCI) and healthy older adult sample over a sixyear period. However, they did find that only the healthy sample significantly
increased their self-reported use of external strategies over time, suggesting that the
healthy group compensated for increasing age-related memory difficulties whereas
the mild memory deficit group did not. The interpretation of these findings, however,
rests on the reliability of self-report in aMCI. Roberts, Clare and Woods (2009) report
a large degree of individual variability in their review of the literature on selfawareness of memory ability in aMCI; therefore, awareness of strategy use may also
vary in aMCI and self-report measures might not be reliable indicators of strategy use
for this population.
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An alternative method of assessing strategy use is to directly observe
participants’ approaches to completing memory tasks, such as using clustering
strategies on word-list learning tasks. Three types of clustering strategies, of varying
efficacy, have been studied – serial, semantic, and subjective clustering. Serial
clustering occurs when words are recalled in the order of their presentation and is
considered to be a poor learning strategy (Delis, Kramer, Kaplan & Ober, 2000; Hill,
Beers, Kmiec, Keshavan & Sweeney, 2004). In contrast, semantic clustering reflects
recall of words according to semantic categories and has been associated with better
memory performance (Guerin & Miller, 2008). The third strategy, subjective
clustering, involves organisation of recall in an undefined but systematised manner.
This may reflect either a superficial association between words (e.g., grouping words
phonetically) or a deeper method of encoding (e.g., visual imagery); consequently,
subjective clustering can be more variable in its utility than semantic clustering
(Earhard, 1967; Matsui, Yuuki, Kato & Kurachi, 2006).
Studies of word list performance have found reduced semantic clustering in
aMCI as compared to control groups despite equivalent use of serial clustering (Perri,
Carlesimo, Serra, Caltagirone, & The Early Diagnosis Group of the Italian
Interdisciplinary Network on Alzheimer’s Disease, 2005; Price et al., 2010; Ribeiro,
Guerreiro, & De Mendonca, 2007). It is possible that this decrease in semantic
clustering reflects an inefficient ability to perform the strategy due to cognitive
deficits associated with mesiotemporal dysfunction (i.e. impaired access to and
organisation of semantic information), or alternatively a reduced ability to apply selfinitiated strategies due to frontal executive deficits. Using alternative measures of
strategy use (i.e. subjective clustering) can assist in determining whether individuals
with aMCI have a specific semantic deficit or an overall reduced ability to apply
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internal strategies. Only Ramakers et al. (2010) have examined subjective clustering
in aMCI and found that lower levels of subjective clustering were associated with an
increased risk of conversion to AD. They did not, however, compare clustering with a
control group or investigate the relationship between subjective clustering and
memory performance.
In comparison to retrospective memory tasks, little has been documented on
strategy use in prospective memory tasks in aMCI. While strategy use has been
associated with performance on both retrospective memory (recall of learnt
information) and prospective memory tasks (remembering future intentions) in
healthy older adults (Devolder & Pressley, 1992; Lachman & Andreoletti, 2006), this
has yet to be demonstrated comprehensively in individuals with aMCI. Therefore, it is
currently unclear whether different memory tasks demand use of different strategies
(internal or external strategies) and the nature of the relationship between strategy use
and memory performance in aMCI remains to be determined.
In summary, there is a paucity of literature examining self-report of strategy
knowledge and use in everyday life as well as observation of strategy use in memory
tasks in aMCI as compared to healthy older adults. Further, very few studies have
documented the relationship between strategy knowledge, strategy use, and memory
performance in this memory-impaired sample, which is necessary for further
development of targeted cognitive interventions. Therefore, by comparing a sample of
healthy older adults and older adults with aMCI on their ability to elicit relevant
memory strategies, their self-reports of strategy use in everyday life and on observed
strategy use on tasks of retrospective and prospective memory, it was expected that
(a) the aMCI group would demonstrate poorer strategy knowledge; (b) the aMCI
group would self-report and be observed to use less strategies, with the greatest
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difference evident on internal strategies; and (c) for both groups, greater strategy
knowledge and strategy use would predict better performance on both retrospective
and prospective memory tasks.

Methods
Participants
Participants were recruited at baseline from an ongoing memory intervention
study being undertaken in Melbourne and selected regional centres in Victoria,
Australia. The data used in the current study was obtained prior to intervention. The
sample for the present study comprised 52 healthy older adults (HOA) recruited from
volunteers who responded to study advertisements in community centres and 37
participants diagnosed with aMCI. Participants with aMCI were referred patients of
experienced aged care specialists and Cognitive Dementia and Memory Services
(memory clinics). Diagnosis was made through multidisciplinary diagnostic
consensus (neurological, psychiatric, radiological, neuropsychological, and functional
assessment) and fulfilled Petersen’s revised criteria for aMCI (Petersen, 2004).
For both HOA and aMCI participants, inclusion criteria entailed: (a) aged over
60 years; (b) community dwelling; (c) English as the preferred language; and (d)
absence of impairment in basic activities of daily living (ADLs) as determined by no
more than two of the six items scored as requiring occasional assistance on the basic
(personal) ADL items on the Alzheimer’s Disease Functional Assessment and Change
Scale (ADFACS; Mohs et al., 2001). Additional inclusion criteria specific to the
aMCI group were: (a) had sought professional investigation due to a subjective
memory complaint; (b) had objective memory impairment as evidenced by
performance 1.5 SD below the mean according to age norms on at least one of the
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four screening measures assessing delayed recall (HVLT-R, Brandt & Benedict,
2001; Logical Memory, Wechsler, 1997; Verbal Paired Associates, Wechsler, 2009;
and Complex Figure of Rey, Meyers & Meyers, 1995); (c) had a Clinical Dementia
Rating (CDR; Morris, 1993) of 0.5 (questionable dementia); and (d) had an absence
of dementia according to National Institute of Neurological Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) criteria (McKhann et al., 1984). Additional inclusion criteria for
the HOA group were: (a) had not sought professional investigation due to a subjective
memory complaint; (b) had an absence of objective memory impairment as evidenced
by no performance being more than 1.5 SD below the mean according to age norms
on any of the four screening measures assessing delayed recall (HVLT-R, Logical
Memory, Verbal Paired Associates and Complex Figure of Rey)1; and (c) a CDR
score of 0 (no dementia).
For both participant groups, exclusion criteria were: (a) significant comorbidities likely to impact cognitive ability (e.g. neurological disorders such as
Parkinson’s disease and stroke); (b) significant psychiatric history (e.g. schizophrenia)
or current treatment for an acute psychiatric episode (e.g. major depressive episode);
and (c) significant visual or auditory impairment not corrected by aids.

Materials and Procedure
Ethics approval was obtained from La Trobe University and all participating
medical sites and written informed consent was acquired from all participants.
Although an extensive battery of tests was administered for the intervention study,
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  If performance on only one of the memory tests was below criterion, an alternate version of the test
was administered. If the participant did not perform more than 1.5 SD below the mean according to age
norms on the alternate version they were included in the HOA group.	
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only those tests relevant to the aims of the current study are described below. At the
time of testing, assessors were blind to the diagnostic status of participants.
Strategy knowledge: Strategy Repertoire Questionnaire (SRQ). The SRQ
is based on Troyer’s (2001) questionnaire, which assesses participants’ knowledge of
memory strategies by asking them to list as many applicable strategies as possible for
eight hypothetical memory scenarios (see Appendix A). Scores are determined by
effectiveness and specificity (to the scenario) of responses: two points for strategies
that are self-reliant, specific, and effective; one point for less effective, nonspecific
strategies, and strategies reliant on another person; and zero points for non-memory or
ineffective strategies. All questionnaires were scored by the first author (RH)
according to detailed guidelines, and blind to diagnosis. The highest scored strategy
for each scenario was used to calculate the total score (ranging from 0 to 16).
Strategy use. A number of measures of strategy use were employed to
examine self-reported and observed strategy use. Self-reported strategy use in
everyday life was measured using the Strategy scale of the Multifactorial
Metamemory Questionnaire (MMQ, Troyer & Rich, 2002). Participants rate 19
everyday memory strategies according to frequency of use on a 5-point Likert scale
(from 0 = never to 4 = always), with higher scores denoting more frequent strategy
use. Measures of observed strategy use were specific to the memory task on which
they were observed and are described below.
Retrospective memory performance: The California Verbal Learning
Test – Second Edition (CVLT-II, Delis et al., 2000). The CVLT-II is a widely used
word-list task in which participants learn a 16-item list (divisible into four semantic
categories) over five trials, with recall tested immediately after each trial. Free recall
is also tested following presentation of an interference list (short delay) and after a
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20-minute delay (delayed recall). The measure employed in the current study was
delayed recall (ranging from 0 to 16). Participants were administered standard or
alternate versions of the task according to their random allocation in the intervention
study.
Three measures of observed internal strategy use relevant to the CVLT-II were
employed: serial, subjective, and semantic clustering over the five learning trials.
Clustering scores were produced using the CVLT-II Comprehensive Scoring System
software, which adjusts for the amount of clustering expected by chance.
Bidirectional measures of serial and subjective clustering (where words are recalled in
the same forward or backward direction) were selected for analysis. Possible scores
ranged from -3.0 to 9.0 for semantic clustering and from -1.88 to 13.13 for serial and
subjective clustering, with higher scores denoting greater use of the clustering
strategy.
Prospective memory performance: The Cambridge Prospective Memory
Test (CAMPROMPT, Wilson et al., 2005). The CAMPROMPT is a naturalistic
style test that assesses prospective memory (remembering delayed intentions) by
asking participants to remember to complete six tasks at specified times during a 25
minute period, while simultaneously solving puzzles that demand focused attention.
For each task, participants receive a score ranging from zero to six, with a maximum
score of six reflecting independent and accurate performance of the task. The total
score (ranging from 0 to 36) was employed in the current study. Participants were
administered standard or alternate versions according to their random allocation in the
intervention study.
The measure of observed external strategy use on the CAMPROMPT was
operationalised as whether participants took notes or not about the tasks they were
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asked to remember. Participants were provided with a notepad and pen prior to
beginning the CAMPROMPT and instructed that they could use the items at any time
or any other strategy of their choice. Any note taking during the test was scored as
took notes regardless of the content or how many tasks participants took notes for.
Participants were originally classified into three groups: (i) did not take notes; (ii)
took notes; and (iii) took notes but did not use these when completing the tasks. Due
to the fact that only one participant in the total sample did not use the notes they had
previously made while completing the CAMPROMPT, scores were collapsed into
two groups – those who took notes and those who did not.

Statistical Analyses
Initially, data were screened to identify missing cases and to remove outliers.
As less than 5% of the data was missing - seemingly random - for CAMPROMPT
Notes (three cases), cases with missing values were subsequently excluded from
analyses involving this variable, as suggested by Tabachnick and Fidell (2007). Given
the low incidence of missing responses across all items on the MMQ Strategy
questionnaire (less than 1%), missing items were replaced with participants’ mean
responses across the remaining items to allow the calculation of subscale scores. In
accordance with Tukey (1977), univariate outliers for all measures were defined as
scores falling outside of lower or upper “double-interquartile” limits, calculated as
25th percentile – (1.5 x interquartile range) and 75th percentile + (1.5 x interquartile
range) respectively, and were replaced with the lower or upper limit as appropriate.
Once replaced, all variables were found to be normally distributed (using z value
limits of ± 3.30 for standardised skewness and kurtosis at α = .001).
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Reliability was investigated for the two questionnaire measures. For the SRQ
there was adequate internal consistency (standardised Cronbach’s α = .78) and interrater reliability when an independent sample of 50 protocols were scored by two
raters (r(50) = .94). Convergent and discriminant validity was investigated by
examining the correlations between performance on the SRQ and measures of
phonemic and semantic fluency from the D-KEFS (Delis, Kaplan & Kramer, 2001). It
was expected that the SRQ would correlate more highly with semantic fluency, due to
the shared requirement of searching and retrieving information from semantic
memory stores, than phonemic fluency performance (a measure of executive
functioning). Consistent with this prediction, correlations between performances on
the SRQ and semantic fluency task were significant for both the aMCI and HOA
groups (R2 = .13 and R2 = .09 respectively), while the correlations between
performance on the SRQ and phonemic fluency task did not reach statistical
significance for either group.
Regarding the MMQ, a recent exploratory factor analysis by Fort et al. (2004)
found that the Strategy scale was best characterised by two independent subscales,
which they labelled Internal and External Strategies. In the current study, an
exploratory factor analysis was conducted with a volunteer sample (n = 119) of
healthy older adults in order to confirm the factor structure found by Fort et al..
Assumptions were met, for both sampling adequacy (KMO = .77) and Bartlett’s Test
of Sphericity (p < .001), indicating a factorable solution. Although six factors were
extracted with eigenvalues exceeding unity, the scree plot suggested only two clear
factors, explaining 25% and 14% of the variance respectively. When the analysis was
re-run with the solution constrained to two factors, similar loadings were found to
those reported by Fort et al., largely consistent with the internal-external strategy
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distinction. Given the larger sample size in the Fort et al. study, Internal and External
Strategy subscales in the current study were created based on the Fort et al. item
loadings. Using these loadings, reliability was adequate for Internal and External
Strategy subscales (standardised Cronbach’s α = .79 and .77, respectively).
Between-group comparisons of continuous variables were conducted using
univariate and multivariate analyses of covariance (ANCOVAs and MANCOVAs),
with univariate ANCOVAs for post-hoc comparisons, and chi-square comparisons for
dichotomous variables. Bonferroni-adjustment was used to control for inflated Type 1
error on all between-group comparisons. Hierarchical regressions were performed
independently for both groups (due to non-homogeneous regression slopes) to
determine predictors of retrospective and prospective memory performance. The
assumption of multicollinearity was met for all regression analyses, with all variables
having a tolerance greater than .10.
Effect sizes are reported in η2, R2 or Φ2 with .01, .09, and .25 considered to be
small, moderate, and large effects respectively (Cohen, 1988).

Results
HOA and aMCI Group Comparisons
Independent samples t tests and chi-square tests, with Yates’ Correction for
Continuity, revealed no significant statistical difference between aMCI and HOA
groups in terms of years of education, t(81) = -1.82, p = .072, η2 = .04 (M = 12.43 and
M = 13.68 respectively), premorbid intelligence (as measured by the Wechsler Test of
Adult Reading, Wechsler, 2001), t(81) = -0.61, p = .544, η2 < .01 (M = 109.30 and M
= 110.05 respectively), and gender distribution, χ2(1, N= 83) = 0.82, p = .366, Φ 2 =
.01. The two groups differed significantly in regards to age, t(81) = 2.91, p = .005, η2
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= .10, with the aMCI group being older (M = 76.05) than the HOA group (M = 72.48).
Therefore, age was entered as a covariate in all remaining analyses.
Strategy knowledge. A one-way between groups ANCOVA, controlling for
age, revealed a moderate and statistically significant difference between the groups in
terms of strategy knowledge, F(1, 86) = 6.66, p = .012, ηp2 = .07, with the HOA group
demonstrating greater strategy knowledge on the SRQ than the aMCI group (see
Table 1).
Strategy use. A one-way between-subjects MANCOVA, adjusting for age,
did not find a significant multivariate difference between groups (HOA, aMCI) on
MMQ self-reported use of internal and external strategies, F(2, 85) = 0.28, p = .761,
ηp2 < .01(see Table 1).
Similarly, a chi-square comparison with Yates’ Correction for Continuity
revealed no significant difference in the percentage of HOA and aMCI participants
who were observed to take notes during the CAMPROMPT task, χ2(1, N = 86) <
0.01, p > .999, Φ 2 = > .01.
A significant and large group effect was found on a one-way between-subjects
MANCOVA on combined CVLT-II clustering measures, after controlling for age,
F(3, 84) = 13.59, p < .001, ηp2 = .33. Follow-up univariate ANCOVA results, at the
Bonferroni-adjusted α of .017, revealed that the aMCI group used significantly less
subjective clustering, F(1, 86) = 6.90, p < .001, and semantic clustering, F(1, 86) =
34.53, p < .001, than the HOA group with moderate to large effect sizes (see Table 1).
In comparison, serial clustering during learning was not significantly different
between groups, F(1, 86) = 0.12, p = .674.
Memory performance. A one-way between-subjects MANCOVA comparing
combined memory performances (CAMPROMPT Total and CVLT-II Delayed
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Recall) between groups revealed a statistically significant group difference after
controlling for age, F(2, 85) = 43.58, p < .001, ηp2 = .51. Both the prospective and
retrospective memory measures contributed significantly to the difference at the
Bonferroni-adjusted α of .025 (with moderate to large and large effect sizes
respectively), with the aMCI group performing worse than the HOA group (see Table
1).

Prediction of Memory Performance
Retrospective memory: Delayed recall. To examine the relationship of
strategy knowledge and use to delayed recall on the CVLT-II, adjusting for age, two
hierarchical regressions were performed for each group; see Table 2. The first
hierarchical regression included age at Step 1, strategy knowledge (SRQ) at Step 2,
and self-reported strategy use (MMQ Internal and External) at Step 3. There was a
statistically significant change to the model after adding strategy knowledge for the
aMCI group, R2 change = .18, and age for the HOA group, R2 change = .13. Selfreported strategy use (internal and external) was not predictive of delayed recall for
either group, although there was a moderate effect size for the self-reported external
strategy use as a predictor in the aMCI group.
In the second regression for each group, age and strategy knowledge were
again entered at Steps 1 and 2 but with observed internal strategy use (semantic,
serial, and subjective clustering) at Step 3. Changes to the amount of variance
explained by the model with age and strategy knowledge were equivalent to the
previous regression due to entry of the first two variables in the same order. For both
the aMCI and HOA group, the amount of variance explained by the model
significantly increased with the inclusion of observed internal strategy use (R2 change
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= .20 and R2 change = .35, respectively). For both groups, semantic clustering
significantly predicted delayed recall with moderate to large effect sizes, as seen in
Table 2. In addition, serial clustering during learning was significantly, but
negatively, correlated with delayed recall for the HOA group. Subjective clustering
did not significantly predict delayed recall for either group, with small effect sizes.
Equivalent results were found when the two regressions outlined above were rerun
controlling for severity of aMCI (as measured by the Mini Mental State Examination
(MMSE), Folstein, Folstein & McHugh, 1975).
Prospective memory. Finally, to identify the relationship of strategy
knowledge and use to prospective memory performance, accounting for age,
hierarchical regressions were conducted for each group with age entered at Step 1,
strategy knowledge at Step 2, and self reported (MMQ Internal and External) and
observed external (CAMPROMPT Notes) strategy use at Step 3 (see Table 3). The
amount of variance explained by the model significantly improved following the
addition of strategy use for the aMCI group, R2 change = .22, with CAMPROMPT
Notes as the only significant predictor of performance with a moderate to large effect.
For the HOA group, the only significant change to the model occurred with the
addition of age, R2change = .27, which had a large but negative correlation with
prospective memory performance. Controlling for severity of aMCI (as measured by
the MMSE), did not alter the results.

Discussion
Strategy Knowledge
As hypothesised, and consistent with emerging evidence of a reduced ability
to access semantic memory in aMCI (Ahmed et al., 2008; Lonie et al., 2009; Murphy
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et al., 2006), the aMCI group demonstrated less strategy knowledge than the HOA
group using hypothetical memory scenarios. While it was not possible to discriminate
between reduced strategy knowledge per se and a reduced ability to access existing
strategy knowledge using this measure, this finding of a lack of spontaneously
accessible information is important and relevant to everyday life where it can be
considered a pre-requisite for the likelihood of using a memory strategy when the
opportunity or need arises (cf. Borkowski et al., 1987).
Although Borkowski et al. (1987) identified strategy knowledge as central to
strategy use in their developmental metacognitive model, it is likely that additional
factors moderate strategy use in older age and particularly in neurological conditions
such as aMCI. For example, despite being able to successfully access knowledge
about a range of strategies, an individual’s strategy use may be limited by preferences
or experience with certain strategies (as suggested by Troyer, 2001) or by the
individual’s level of cognitive functioning. This is particularly relevant in aMCI,
where subtle deficits in cognitive functions other than memory have frequently been
documented. Nevertheless, strategy knowledge remains a key factor as to whether
individuals are able to select a strategy appropriate to their abilities from a range of
alternatives. While examination of a comprehensive range of moderators of strategy
use was beyond the scope of the current study, future research should aim to elucidate
the factors that best promote strategy use in order to guide interventions.

Strategy Use
Self-reported use of strategies in everyday life did not differ between the
aMCI and HOA groups for either internal or external strategies. This contradicted the
hypotheses and the findings of Dixon and de Frias (2007) who found that while a non-
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impaired control group significantly increased their self-reported use of external
memory strategies over a six year period, a mild memory impaired group decreased
their use of external strategies. This discrepancy may be explicable by different levels
of awareness in the two samples, particularly given that Dixon and de Frias’ memoryimpaired group did not have a formal diagnosis of aMCI.
A large degree of variability in awareness of memory ability has been
identified in aMCI and AD, independent of the level of global cognitive impairment
(Agnew & Morris, 1998; Roberts et al., 2009). Comprehensive neurocognitive and
biopsychosocial models (cf. Agnew & Morris, 1998; Ownsworth, Clare & Morris,
2006) and brain metabolic correlates of awareness in aMCI (Nobili et al., 2010)
provide some explanation for this variability. However, methodological factors,
particularly how awareness is measured, are also relevant.
Awareness is commonly measured by clinician judgement or by determining
the level of discrepancy between informant and participant reports or objective
performance and self-ratings (Hardy, Oyebode & Clare, 2006). These methods have
been shown to impact on findings with increased accuracy on specific and temporally
proximal tasks (Akhtar, Moulin & Bowie, 2006; Seelye, Schmitter-Edgecombe &
Flores, 2009) compared to temporally distant tasks (Roberts et al., 2009; Vogel et al.,
2004) and ratings of everyday memory performance (Hardy et al., 2006). Therefore,
self-report measures that ask about strategy use in specific situations, as employed by
Dixon and de Frias (2007), may foster more accurate responses than questions about
strategy use in general, as employed in the current study.
While useful measures of memory awareness that employ multiple methods of
measurement are now available (e.g. the Memory Awareness Rating Scale-Adjusted,
Hardy et al., 2006), no such measure exists for assessing awareness of strategy use
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(arguably a more abstract concept for which feedback is less readily available). In
future research, comparison of participant’s self-reports with reports from a close
informant or with observations of actual strategy use in daily life (i.e. naturalistic
observation) may be most helpful to clarify the issue of reliability.
Given the uncertainty regarding the reliability of the aMCI group’s selfreports, it was of interest to evaluate the findings of observed use of memory
strategies during performance on standardised memory tasks. Despite self-reporting
similar use of internal strategies to the control group in everyday life, there was a
significant difference between the groups on an observed measure of internal strategy
use – namely clustering on a word-list learning task (CVLT-II). Consistent with
previous research (Perri et al., 2005; Price et al., 2010; Ribeiro et al., 2007), the aMCI
group used significantly less semantic clustering (an effective strategy) than the
control group, despite equivalent use of the inefficient and passive strategy of serial
clustering. They also used significantly less subjective clustering. Although subjective
clustering can reflect strategies of varying utility, this measure was employed to
determine whether the aMCI group used alternative strategies to accommodate for
specific cognitive deficits preventing efficient semantic clustering (e.g. difficulty
accessing and organising semantic knowledge) – which they apparently did not. It is
unclear whether the discrepancy between self-report and observed measures of
internal strategy use reflects unreliability of the aMCI group’s self-report, the
difference in strategies targeted by the two measures, or a decreased ability to
efficiently use the strategies despite attempts to. Consistent with this last explanation,
the aMCI group employed an external strategy (writing reminder notes) as frequently
as the control group on the prospective memory task (the CAMPROMPT). Obtaining
self-reports of strategy use immediately following task completion would provide a
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greater understanding of the strategies individuals attempted to use, however this
procedure was avoided in the current study to avoid the cueing of strategy use on
subsequent tasks.
The distinction between observed use of internal and external strategies in the
aMCI group was consistent with expectations and can be explained by the cognitive
demands associated with the different strategy types. Internal strategies are considered
to be more cognitively demanding than external strategies (Lovelace & Twohig,
1990) and have been associated with executive functioning abilities in healthy aging,
while external strategies have not (Bouazzaoui et al., 2010). Given the evidence of
executive functioning deficits in aMCI (Brandt et al., 2009; Traykov et al., 2007), it is
not surprising that this group employed fewer internal strategies than the HOA group.
While it was hypothesised that the aMCI group would also be observed to use an
external strategy less than the control group (due to decreased strategy knowledge),
the familiarity of the measure employed (writing notes) may have resulted in the
equivalent performance of the two groups. Alternatively, the method of
administration of the CAMPROMPT (i.e. the instructions and materials provided)
may have cued participants into taking notes. Therefore, it would be of interest to
examine spontaneous strategy use by manipulating these instructions and materials in
future research. Although the proportion of the two groups using the note-taking
strategy was similar, the quality of the notes taken was not examined in the current
study and may also have discriminated the aMCI and HOA groups.

Strategies and Memory Performance
Consistent with their diagnosis and the extant literature, the aMCI group
performed worse than the HOA group on both retrospective and prospective memory
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tasks. Strategy knowledge was predictive of delayed recall on the CVLT-II for the
aMCI group (even after controlling for MMSE score), although not for the HOA
group; and furthermore, it was not predictive of prospective memory performance for
either group. This suggests that the extent of deterioration of the ability to access
semantic memory, or use semantic knowledge in problem solving tasks, is an
important aspect of learning and recalling new information. The fact that this was
found on the CVLT-II but not the CAMPROMPT can be explained by the different
demands associated with the tests. Arguably, as participants were able to take and use
notes throughout the CAMPROMPT, and were presented with cues to indicate when
to complete tasks (specified times and events), accurate performance would have
relied less on encoding of the information through links with semantic knowledge.
In terms of strategy use, self-reported strategy use was not predictive of any
measure of memory performance for either group. This has also been found in the
literature on healthy aging, with Troyer and Rich (2002) finding low correlations
between the MMQ questionnaire and performance on both laboratory and naturalistic
style memory tasks. They interpreted this to be due to a number of mediating factors,
including variable awareness of memory abilities and a poor relationship between
performance on objective memory tests and everyday memory functioning. Similarly,
the weak correlations in the current study may also be explained by the irrelevance of
the strategies measured by the MMQ to performance on the laboratory tasks.
In contrast to self-reported strategy use, observed use of effective internal
strategies (specifically semantic clustering) was strongly related to performance on
the retrospective memory task (the CVLT-II) for both aMCI and HOA groups. Price
et al. (2010) similarly reported a positive correlation between semantic clustering and
delayed recall, and suggested that individuals with aMCI are able to use and benefit

130
from the use of internal strategies albeit at an impaired level in comparison to a HOA
sample. Further support for this argument is provided by Ribeiro et al. (2007) who
found that an aMCI group increased their level of semantic clustering after being
made aware of the semantic nature of the task through cueing, and that semantic
cueing resulted in better recall. In contrast, serial clustering and subjective clustering
were poor predictors of recall for both groups.
Similar to the retrospective memory task, the use of an external memory
strategy (taking notes) on the prospective memory task significantly predicted
performance with a large effect size for the aMCI group. In contrast, note taking was
not a significant predictor for the HOA group. This discrepancy may reflect a heavier
reliance on external strategies in the aMCI group compared to the HOA group who
may have been more likely to spontaneously remember the activities to be completed
(due to intact retrospective memory abilities) without relying on notes when provided
with a cue.

Methodological Limitations
The relatively small sample size in the current study is a recognised limitation
that may have resulted in a lack of power to detect small effects of clinical
significance. Further, the generalisation of strategies to memory performance in
everyday tasks and factors that may have affected strategy use other than strategy
knowledge were not investigated. It is possible that the clustering strategies examined
on the CVLT-II are specific only to that task and therefore do not provide a good
indication of internal strategy use in everyday tasks. In addition, it is possible that the
generalisation of efficient strategies rather than the number of strategies employed is
more important for memory performance. Finally, the reliability of responses on the
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self-report measure of strategy use in the current study was unclear and may have
been clarified through comparison with informant reports.

Conclusion
In the current study, the aMCI group exhibited less strategy knowledge,
decreased observed use of internal strategies but similar observed use of an external
strategy as compared to a healthy older adult group. Despite these findings, the aMCI
group self-reported internal and external strategy use at an equivalent level to the
HOA group in everyday life. On both retrospective and prospective memory tasks the
aMCI group performed better when observed to use relevant strategies. These results
provide support for the inclusion of memory strategy training in cognitive
interventions for aMCI. Strategy knowledge in the aMCI group was related to
retrospective memory performance but not significantly related to prospective
memory performance; thereby, suggesting the need for cognitive training to focus on
task-specific techniques in order to maximise potential for translation of knowledge to
everyday performance.
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Table 1
Strategy Knowledge, Strategy Use, and Memory Performance for aMCI and HOA
Groups
Note. Reported M and SD values are estimated marginal M and SD with age as the covariate. SRQ =

aMCI

HOA

p

ηp2

M

SD

M

SD

SRQ

11.62

0.41

13.01

0.34

.012

.07

MMQ Internal Strategy

11.70

0.98

12.67

0.82

.459

< .01

MMQ External Strategy

20.88

1.03

21.43

0.87

.688

< .01

Semantic Clustering

0.13

0.24

1.43

0.20

< .001

.16

Subjective Clustering

0.22

0.10

0.80

0.08

< .001

.18

Serial Clustering

0.38

0.14

0.46

0.12

.674

< .01

CAMPROMPT Total

15.53

1.22

21.55

1.02

< .001

.14

CVLT-II Delayed Recall

3.65

0.56

10.36

0.47

< .001

.49

Strategy Repertoire Questionnaire; MMQ = Multifactorial Metamemory Questionnaire
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Table 2
Hierarchical Regressions Predicting Delayed Retrospective Memory for aMCI and
HOA Groups
Group
ΔF
aMCI
Regression 1: with self-reported strategy use
Step 1: Age
0.97
Step 2: SRQ
7.52
Step 3:
2.18
MMQ Internal
MMQ External
HOA
Regression 2: with self-reported strategy use
Step 1: Age
7.59
Step 2: SRQ
0.02
Step 3:
0.66
MMQ Internal
MMQ External
aMCI
Regression 1: with observed strategy use
Step 1: See regression 1 above
Step 2: See regression 1 above
Step 3:
3.38
Semantic Clust
Serial Clust
Subjective Clust
HOA
Regression 2: with observed strategy use
Step 1: See regression 2 above
Step 2: See regression 2 above
Step 3:
10.21
Semantic Clust
Serial Clust
Subjective Clust

ΔR2

s

sr

p

.03
.18
.10

-.16
.44

-.16
.42

.07
.32

-.05
.29

.333
.010
.130
.737
.061

-.36
.17

-.36
-.02

.15
.04

.15
-.09

.008
.887
.523
.265
.504

.43
.24
.09

.031
.004
.100
.516

.39
.22
.06

< .001
.001
.046
.586

.13
< .01
.02

.20
.41
.03
.22

.35
.61
-.28
.51

Note. Steps 1 and 2 are not duplicated in the table for regressions with observed strategy use as they
were identical to the regressions with self-reported strategy use. SRQ = Strategy Repertoire
Questionnaire; MMQ = Multifactorial Metamemory Questionnaire; Clust = Clustering.
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Table 3
Hierarchical Regressions Predicting Prospective Memory for HOA and aMCI
Groups
Group
aMCI
Step 1:
Step 2:
Step 3:

Age
SRQ

ΔF

ΔR2

s

sr

p

0.80
2.76
3.27

.02
.08
.22

-.15
.30

-.15
.28

-.02
.18
.51

-.05
.21
.43

.376
.106
.035
.730
.166
.008

-.52
.37

-.52
.12

-.02
.17
.30

-.11
.01
.23

MMQ Internal
MMQ External
CAMP Notes
HOA
Step 1:
Step 2:
Step 3:

Age
SRQ
MMQ Internal
MMQ External
CAMP Notes

17.67
0.90
1.46

.27
.01
.07

Note. SRQ = Strategy Repertoire Questionnaire; MMQ = Multifactorial Metamemory
Questionnaire; CAMP = CAMPROMPT.

< .001
.347
.239
.391
.928
.066
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2.1 Supplementary Results for Study
In addition to the main results for Study 1 (which were published in
Psychology and Aging), here presented in Chapter 2, the pattern of semantic
clustering across learning and delayed recall trials of the CVLT-II, and
correlations between the measures of strategy knowledge and strategy use, were
further examined in Study 1. Firstly, the pattern of semantic clustering across
trials was analysed due to its relevance for understanding the nature of the
semantic clustering deficit in aMCI. This was deemed particularly important
given the inconsistent findings in this area of the literature. Secondly, partial
correlations between strategy knowledge and both self-reported and observed
measures of strategy use (controlling for age and education) were examined in
order to investigate whether the decrease in strategy knowledge in the aMCI
group could account for the deficient use of internal memory strategies (i.e.,
semantic and subjective clustering). The background literature and rationales for
each of these areas of research are included in Chapter 1 but are also
summarised below, prior to presentation of the results. A brief discussion of the
results in the context of the literature follows and is extended upon in the
summary and conclusions section presented in Chapter 5.

2.1.1 Pattern of semantic clustering.
Introduction.
As previously acknowledged, examining the pattern of semantic
clustering across trials can provide additional information regarding the nature
of the difficulty underlying the decrease in semantic clustering in aMCI groups.
Perri, Carlesimo, Serra, Caltagirone, and The Early Diagnosis Group of the
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Italian Interdisciplinary Network on Alzheimer’s Disease (2005), Ribeiro,
Guerreiro, and De Mendonça (2007), and Price et al. (2010) have previously
described the pattern of semantic clustering in aMCI groups as compared with
control groups and reported inconsistent results. Each of these studies, however,
employed a different word-list task and different methods to determine changes
in clustering (e.g., comparing clustering across learning trials or comparing
clustering on learning trials to that on delayed recall trials). Perri et al. (who
examined clustering over learning trials) and Price et al. (who examined
clustering over learning and delayed recall trials) both reported non-significant
changes in semantic clustering over trials by aMCI groups. While Perri et al.
reported a similar pattern of results for their healthy older adult group, Price et
al. found a significant increase in clustering over all trials for their control
group. Ribeiro et al. employed the only word-list task that incorporated semantic
cueing (the original version of the CVLT; Delis, Kramer, Kaplan, & Ober,
1987) and identified an equivalent increase in clustering for both aMCI and
control groups after being cued as to the semantic categories present in the
word-list. They did not, however, examine clustering across learning trials and
therefore it is unclear how their results compare to those of Perri et al. and Price
et al.
The different methodologies of the above studies have hindered a
straightforward interpretation of the results with regards to the nature of the
semantic clustering deficit in the aMCI group. The failure to increase clustering
over trials suggests that persons with aMCI are either not attempting to employ
the strategy or are unable to do so successfully despite attempts. Furthermore,
the study by Ribeiro et al. (2007) suggests that this failure to use the semantic
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clustering strategy may be due to individuals with aMCI being unaware of the
opportunity to use this strategy, given that semantic clustering increased to the
same degree as it did in the control group after cueing. Nevertheless, the vast
differences amongst studies mean that the pattern of semantic clustering remains
unclear for an aMCI population. In this context, a key aim of Study 1 was to
evaluate the pattern of semantic clustering over the learning and delayed recall
trials of a word-list task that incorporated semantic cueing (the CVLT-II) for
both aMCI and HOA groups. For the CVLT-II, participants learn a list of 16
words (belonging to one of four semantic categories) over five trials. Free recall
is tested at short delay (after presentation of an interference list), following
which participants are cued with the semantic categories encompassed in the list
and attempt to recall the words associated with each semantic category. After a
20-minute delay, free and cued recall tests are repeated. In accordance with the
pre-existing literature, it was hypothesised that the aMCI group would not
increase their use of the semantic clustering strategy over the five learning trials,
but would demonstrate a significant increase in clustering following semantic
cueing (i.e., at delayed recall). In contrast, the HOA group was expected to
demonstrate a continuous increase in clustering over all trials (as found by Price
et al.). Details on the sample, materials, and procedures are all reported in
Chapter 2.

Results.
After replacing all outliers according to the methods described in
Chapter 2, all variables were normally distributed (using z value limits of ± 3.30
for standardised skewness and kurtosis at α = .001) except for Semantic
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Clustering on Trial 3 for the HOA group, which was positively skewed (z =
3.60) beyond the limit of z = 3.30. In order to retain the consistency of
measurement units and comparability with other clustering variables, this
variable was not transformed for analysis.
A mixed-model 2 (group) x 6 (CVLT-II trial) MANCOVA, controlling
for age, was performed to determine whether patterns of semantic clustering
across learning trials (one to five) and at delayed recall differed between HOA
and aMCI groups. Greenhouse-Geisser values are reported due to the
assumption of sphericity being violated. A significant interaction between
Group and Trials was evident, F (4, 329) = 8.94, p < .001, ηp2 = .09, with Tukey
LSD pairwise comparisons revealing that the HOA group used significantly
greater semantic clustering than the aMCI group at Trial 2, F (1, 86) = 4.69, p =
.033, ηp2 = .05; Trial 3, F (1, 86) = 14.26, p < .001, ηp2 = .14; Trial 4, F (1, 86) =
14.83, p < .001, ηp2 = .15; Trial 5, F (1, 86) = 17.17, p < .001, ηp2 = .17; and at
Delayed Recall, F (1, 86) = 25.90, p < .001, ηp2 = .23. While semantic clustering
did not significantly differ across trials within the aMCI group, F (5, 82) = 0.83,
p = .530, ηp2 = .05, there was a significant main effect of Trials for the HOA
group, F (5, 82) = 19.76, p < .001, ηp2 = .55, with an increase in the use of
semantic clustering at each time point (see Figure 1). In particular, statistically
significant increases in clustering were demonstrated between all consecutive
time points, excluding between Trials 3 and 4 and Trial 5 and Delayed Recall,
with the greatest increase evident between Trials 1 and 2. In contrast, semantic
clustering was statistically equivalent across all trials for the aMCI group.
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Figure 1. Semantic clustering across CVLT-II trials for aMCI and HOA groups
with 95% CIs.

Discussion.
The results reflect a very different pattern of semantic clustering across
learning and recall trials for aMCI and HOA groups. While the HOA group
demonstrated a clear and progressive increase in semantic clustering across
trials, the pattern of semantic clustering over trials was overwhelmingly flat for
the aMCI group. Surprisingly, there was also no evidence of an increase in
semantic clustering by the aMCI group after semantic cues were introduced (i.e.,
between trial 5 and delayed recall). This is in contrast to the hypotheses and the
findings of Ribeiro et al. (2007), but consistent with the results of Price et al.
(2010) and Perri et al. (2005), who employed word-list tasks that do not allow
for cueing. Although it is difficult to compare results between studies (due to the
different memory tasks and measures employed), both the current study and
Price et al. have demonstrated striking differences in clustering between HOA
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and aMCI groups across learning trials. This very limited use of the semantic
clustering strategy over trials argues against individuals with aMCI employing
the strategy albeit less efficiently than controls (as this would be expected to
result in at least some increase in clustering over trials). The current results do
not, however, provide an indication as to whether this low level of clustering
reflects reduced attempts to apply the strategy or an inability to apply the
strategy despite attempts to do so. In future research, asking participants about
their strategy use on the task may provide an important insight into this query.
The lack of an increase in clustering after semantic cueing in the current study
also suggests that the deficient use of this strategy is not simply due to
participants being unaware of the opportunity to employ the strategy; however
this requires further investigation given the contradictory results found by
Ribeiro et al. Again, having participants describe their strategy use on the task
may assist to determine if this is the case, however this was avoided due to the
impact in may have had on performance on later tasks.

2.1.2 Relationship between strategy knowledge and strategy use.
Introduction.
Memory strategy training interventions implicitly assume that an
increase in knowledge of memory strategies increases the use of these strategies,
on the basis of metacognitive models (such as that proposed by Borkowski,
Carr, & Pressley, 1987). Although strategy knowledge and use have been
significantly associated in samples of children (e.g., Beuhring & Kee, 1987),
this area of research has received little attention in older adults. Age differences
may impact on this relationship, given that strategy knowledge is relatively
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established by older age and therefore other factors (such as preference, ease of
use, and familiarity with the strategy) may play a greater role in determining
strategy use. Consistent with this supposition, Brigham and Pressley (1988)
found that healthy older adults were more likely to base their strategy choice on
their familiarity with the strategy and how easy it was to use, while younger
adults primarily relied on strategy efficacy to guide their choice. In addition to
the paucity of research examining this relationship in non-clinical samples, no
studies have directly investigated the relationship between strategy knowledge
and use in aMCI. The two studies that have examined both of these factors after
strategy training in aMCI have not assisted in unmasking this relationship.
While both Troyer, Murphy, Anderson, Moscovitch, and Craik (2008) and
Kinsella et al. (2009) found sustained improvements in strategy knowledge after
intervention, Troyer et al. found that this was accompanied by a long-term effect
on strategy use, while Kinsella et al. found only a short-term increase in strategy
use. Furthermore, both of these studies employed self-report measures of
strategy use and therefore the effect of strategy knowledge on objective
measures of strategy use is unclear. It is possible that the lower strategy
knowledge in the aMCI group could account for the reduction in semantic and
subjective clustering (as reported in Chapter 2). In this regard, the current study
aimed to elucidate the relationships between strategy knowledge and strategy
use (self-reported and observed) in both aMCI and HOA groups. In accordance
with metacognitive models, it was hypothesised that strategy knowledge would
be significantly associated with the measures of strategy use for both groups.
Details on the sample, materials, and procedures are all reported in Chapter 2.
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Results.
Partial correlation was used to explore the relationships between strategy
knowledge and all measures of strategy use (both self-reported and observed use
of internal and external strategies), controlling for age and education. The
Bonferroni-adjusted α of .010 was employed to control for inflated Type 1 error.
After controlling for the background variables (age and education), strategy
knowledge did not correlate significantly with any measure of strategy use at α
= .010, for either the aMCI or the HOA groups (as displayed in Table 4). In
addition, all correlations were of a small to medium effect size.

Table 4
Partial correlations between strategy knowledge and strategy use measures
Strategy Knowledge (SRQ)
aMCI

HOA

r

p

r

p

MMQ Internal

-.05

.764

.15

.285

MMQ External

.21

.234

.29

.039

Semantic Clustering

.10

.565

.19

.191

Subjective Clustering

.17

.336

.21

.146

CAMPROMPT Notes

.34

.048

.01

.925

Note. SRQ = Strategy Repertoire Questionnaire; MMQ = Multifactorial Metamemory
Questionnaire.

Discussion.
In contrast to the hypotheses, strategy knowledge was not statistically
significantly related to any of the measures of strategy use for either the aMCI
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or the HOA group. The fact that this was consistent across both groups and all
measures of strategy use (both self-reported and observed) indicates that this
lack of a relationship is not due to factors related to aMCI. Instead, it appears
that other factors are more influential in determining strategy use in older age.
Borkowski et al.’s (1987) metacognitive model linking strategy knowledge to
strategy use was proposed from a developmental perspective and therefore may
not be relevant to older adults who have knowledge of a wide range of memory
strategies. Importantly, the aMCI group’s decreased access to knowledge of
memory strategies identified in Chapter 2 could not account for the deficient use
of either the semantic clustering or subjective clustering strategies in this group.
Furthermore, the results suggest that increasing strategy knowledge through
interventions for aMCI is unlikely to have a direct effect on strategy use and
thus other methods of increasing strategy use are needed.
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Abstract
Objectives: Little information is available regarding the extent of strategy use
and factors that affect strategy use in amnestic Mild Cognitive Impairment
(aMCI). The present study aimed to compare spontaneous strategy use and
beliefs about the controllability of memory between aMCI and healthy older
adult (HOA) samples, and to determine whether strategy use mediated the
relationship between beliefs and memory performance for both groups.
Method: The aMCI and HOA groups each comprised 60 individuals matched
for age and education. The Memory Controllability Inventory was used to assess
control beliefs, and the extent of semantic clustering on a list-learning task
provided a measure of spontaneous strategy use.
Results: The aMCI group endorsed lower control beliefs and demonstrated
reduced semantic clustering and memory performance compared with the HOA
group. While strategy use partially mediated the control beliefs – memory
performance relationship for the HOA group, this was not replicated for the
aMCI group.
Discussion: Despite the weak relationship between control beliefs and strategy
use or memory performance for the aMCI group, the strong relationship
between strategy use and memory performance provides impetus for further
research into factors that can be used as a means of enhancing strategy use in
interventions for aMCI.

155
Introduction
Mild Cognitive Impairment (MCI) is clinically characterised by concerns
about cognitive decline that can subsequently be substantiated by
neuropsychological testing, despite retained independence in daily functioning
and absence of dementia (Albert et al., 2011). The term amnestic MCI (aMCI),
refers to changes in episodic memory (Petersen et al., 2001) and is the most
common presentation of individuals with MCI who later convert to Alzheimer’s
disease (Albert et al., 2011). To date, aMCI has proven to be relatively resistant
to pharmacological intervention (Aisen, 2008; Schneider, Insel & Weiner, 2011)
and therefore alternatives – such as psychological interventions – are important.
Although the bulk of psychological interventions have revolved around memory
strategy training, little is known about the extent of spontaneous strategy use,
factors affecting strategy use, and the relationship between strategy use and
memory performance in aMCI.
The few studies comparing strategy use in people with aMCI and healthy
older adults have consistently identified reduced spontaneous semantic
clustering (clustering of words according to semantic categories) on list-learning
tasks (Hutchens et al., 2011; Perri, Carlesimo, Serra, Caltagirone, & The Early
Diagnosis Group of the Italian Interdisciplinary Network on Alzheimer’s
Disease, 2005; Price et al., 2010; Ribeiro, Guerreiro & De Mendonca, 2007).
Moreover, both Hutchens et al. (2011) and Price et al. (2010) found positive
correlations between semantic clustering and memory performance.
Despite preliminary evidence of reduced spontaneous strategy use in
aMCI, and of a relationship between strategy use and memory performance, the
outcomes of strategy training interventions on memory performance have been
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inconsistent, with some studies finding improvement on prospective memory
performance (Kinsella et al., 2009) or episodic memory tasks (Belleville et al.,
2006), whilst others find no improvement (Rapp, Brenes & Marsh, 2002;
Troyer, Murphy, Anderson, Moscovitch & Craik, 2008). Therefore, in order to
develop more targeted and efficacious interventions, it is necessary to identify
the factors that contribute to strategy use and that can be manipulated through
intervention. The role of psychological factors, such as expectations and beliefs,
in determining behaviour has long been recognised. In particular it has been
suggested that control beliefs, defined by Miller and Lachman (1999) as an
individual’s beliefs about their ability to produce an outcome, determine the
extent of implementation and persistence of coping behaviours and the amount
of effort applied to challenging tasks (Bandura, 1977).
Past research has examined age differences in control beliefs using nonclinical samples and has consistently identified a reduced sense of control over
memory in older age groups (Hultsch, Hertzog & Dixon, 1987; Jopp & Hertzog,
2007; Lachman, 1991). Older adults are more likely to attribute their memory
performances to uncontrollable factors (e.g., age) than younger adults, who
typically attribute performance to controllable factors such as strategy use or
effort (Devolder & Pressley, 1992; Dixon & Hultsch, 1983; Luszcz, 1993;
Rebok & Balcerak, 1989). Nevertheless, several studies have shown that it is
possible to manipulate the control beliefs of older adults through cognitive
restructuring or cognitive behavioural techniques (Dellefield & McDougall,
1996; Lachman, Weaver, Bandura, Elliot & Lewkowicz, 1992). Further, CaprioPrevette and Fry (1996) found that in addition to an increased sense of control
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over memory, cognitive restructuring produced sustained improvements in
memory performance.
A positive correlation between control beliefs and memory performance
has been identified in numerous studies employing older adult samples
(Devolder & Pressley, 1992; Hertzog, McGuire & Lineweaver, 1998; Lachman,
1991; Lachman, Steinberg & Trotter, 1987; West & Yassuda, 2004; Windsor &
Anstey, 2008). In addition, some support has been found for the hypothesis of
Miller and Lachman (2000) that the relationship between control beliefs and
memory performance is stronger for older adults due to the greater effort
required on age-sensitive tasks and the increased influence of motivational and
strategic factors under such circumstances (Cavanaugh & Poon, 1989; Lachman,
Baltes, Nesselroade & Willis, 1982). Furthermore, it has been suggested that
control beliefs may impact on the efficacy of interventions, as those who believe
that cognitive decline is inevitable are less likely to learn, let alone apply,
memory strategies (Lachman, 2000).
Despite the existence of a large collection of research examining the
relationship between control beliefs and memory performance, comparably less
attention has been given to the processes linking these two factors (Miller &
Lachman, 1999). Miller and Lachman (1999; 2000) have proposed a model
based on Bandura’s (1997) social learning theory and Kuypers and Bengston’s
(1973) social breakdown syndrome, which outlines physiological (e.g., arousal),
motivational (e.g., effort), behavioural (e.g., strategy use) and affective (e.g.,
depression) mediators in the control beliefs – memory performance relationship.
The model is cyclical or non-recursive in nature and posits that actual or
perceived decline in ability leads to a reduced sense of control, which reduces
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effort, persistence and strategy use and increases anxiety, which in turn reduces
memory performance.
While a number of studies have identified positive correlations between
control beliefs, strategy use, and memory performance in healthy older adults
(Hertzog et al., 1998; Lachman, Andreoletti & Pearman, 2006; Riggs, Lachman
& Wingfield, 1997), results have varied according to the memory tests and
measures of strategy use employed (Devolder & Pressley, 1992; Riggs et al.,
1997) and there has been substantial variability in effect sizes, ranging from
small to large. This may be partly accounted for by the measures employed, as
domain-specific measures of control beliefs (i.e., beliefs about control over a
specific behaviour or cognitive domain such as memory) may have higher
correlations with domain-specific performance than global measures of control
beliefs (i.e., beliefs about control over behaviour or cognitive functioning in
general, Lachman, 1986). In addition, cognitively demanding strategies may be
more strongly related to control beliefs due to the amount of effort required to
implement them.
Few studies have statistically tested whether strategy use mediates the
relationship between control beliefs and memory performance; however,
Lachman and Andreoletti (2006) recently found that a cognitively demanding
strategy (semantic clustering) significantly mediated the relationship between
beliefs regarding sense of control over intellectual functioning and immediate
recall of a word-list in healthy older adults. Figure 1 depicts Lachman and
Andreoletti’s path model, which also included the background variables of age
and education. While this finding provides some support for targeting control
beliefs in interventions, the results require replication in a sample of older adults
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who are experiencing increased memory difficulties in everyday life (i.e. people
with aMCI).
In regards to aMCI, Miller and Lachman’s (1999; 2000) model suggests
that control beliefs would be reduced due to repeated exposure to memory
failures, which may partly account for the findings of reduced strategy use
(Hutchens et al., 2011; Perri et al., 2005; Price et al., 2010; Ribeiro et al., 2007).
This would also be consistent with Dixon and de Frias’ (2007) finding of a
significant decrease in self-reported use of external memory aids and investment
of effort in memory tasks in a mildly memory impaired (although not diagnosed
as aMCI) group over a six year period. Alternatively, it is possible that the
relationship between control beliefs, strategy use, and memory performance
may differ for an aMCI population due to biological or cognitive aspects of the
disease process (e.g., a reduced ability to access or use strategies).
In summary, Lachman and Andreoletti’s (2006) finding that strategy use
significantly mediates the relationship between control beliefs and memory
performance for healthy older adults requires replication in an aMCI population
who present with significant memory impairment. This information is critical
for guiding the further development of targeted interventions for both healthy
and clinical populations. By employing a domain-specific (memory-related)
measure of control beliefs and a cognitively demanding memory strategy
(semantic clustering), we sought to maximise the relationship between control
beliefs, strategy use, and memory performance. It was expected that a) the aMCI
group would demonstrate reduced control beliefs, strategy use, and memory
performance compared to a healthy older adult (HOA) group; b) strategy use
would significantly mediate the relationship between control beliefs and strategy
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use for the HOA group; and c) strategy use would also mediate the control
beliefs – memory performance relationship for the aMCI group.

Methods
Participants
Participants were recruited from a multi-centre memory intervention
study being conducted throughout Victoria, Australia and were assessed prior to
intervention. Sixty HOA volunteers who responded to study advertisements and
60 participants diagnosed with aMCI were matched for age and education.
Independent samples t tests and chi-square tests, with Yates’ Correction for
Continuity, confirmed that the aMCI and HOA groups were statistically
equivalent in terms of age, years of education and premorbid intelligence as
measured by the Wechsler Test of Adult Reading (Wechsler, 2001; see Table 1),
and gender distribution, χ2(1, N = 120) = 3.57, p = .059. aMCI participants were
referred to the study by experienced aged care specialists and Cognitive
Dementia and Memory Services (memory clinics). Diagnosis was based on
neurological, radiological, psychiatric, neuropsychological and functional
assessment and adhered to Petersen’s (2004) revised criteria.
Inclusion criteria for all participants comprised: (a) aged over 60 years;
(b) community dwelling; (c) English as the preferred language; and (d) absence
of impairment in basic activities of daily living (ADLs), defined as requiring
occasional assistance on no more than two of the basic (personal) ADL items on
the Alzheimer’s Disease Functional Assessment and Change Scale (ADFACS;
Mohs et al., 2001). In addition, aMCI participants necessarily had: (a) sought
professional investigation due to a subjective memory complaint; (b) objective
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memory impairment (performance 1.5 SD below the mean according to agematched norms on at least one of the four screening measures assessing delayed
recall; HVLT-R, Brandt & Benedict, 2001; Logical Memory, Wechsler, 1997;
Verbal Paired Associates, Wechsler, 2009; and Complex Figure of Rey, Meyers
& Meyers, 1995); (c) a Clinical Dementia Rating (CDR; Morris, 1993) of 0.5
(questionable dementia); and (d) absence of dementia according to National
Institute of Neurological Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA)
criteria (McKhann et al., 1984). Comparably, HOA participants (a) had not
sought professional investigation due to a subjective memory complaint; (b) did
not demonstrate evidence of objective memory impairment2; and (c) received a
CDR score of 0 (no dementia). Exclusion criteria for all participants entailed: (a)
significant co-morbidities likely to impact on cognitive ability (e.g.,
neurological disorders); (b) significant psychiatric history or current treatment
for an acute psychiatric episode; and (c) significant and uncorrected visual or
auditory impairment.

Materials and Procedure
Ethics approval was received from all participating sites and written
consent obtained from all participants, prior to their involvement in the study.
Participants completed a comprehensive baseline assessment for the memory

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2To

meet this criterion participants could not have any of their performances falling more than
1.5 SD below the mean according to age norms on any of the four screening measures assessing
delayed recall (HVLT-R, Logical Memory, Verbal Paired Associates and Complex Figure of
Rey). If performance on only one of the memory tests was below criterion, an alternate version
of the test was administered and the participant included in the HOA group if they did not
perform more than 1.5 SD below age matched norms on the alternate version.	
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intervention study; however, only the measures relevant to the current study are
described below. All assessors were blind to participants’ group membership.
Control beliefs. Participants’ beliefs regarding memory ability and
controllability of memory were assessed using the Memory Controllability
Inventory (MemCo; Lachman, Bandura, Weaver, & Elliot, 1995). The MemCo
is a 12-item self-report instrument comprised of four subscales: Present Ability,
Potential Improvement, Effort Utility, and Inevitable Decrement. The Present
Ability subscale targets beliefs regarding current memory ability, the Potential
Improvement subscale assesses beliefs regarding the relationship between
strategy use and memory performance, the Effort Utility subscale measures
beliefs regarding the relationship between effort expenditure and memory
performance, and the Inevitable Decrement subscale assesses beliefs regarding
the extent to which memory inevitably declines with age. Each subscale consists
of three statements which participants rate on a 7-point Likert scale (from 1 =
strongly disagree to 7 = strongly agree), with higher scores on the first three
subscales denoting stronger beliefs in memory ability and controllability and
higher scores on the Inevitable Decrement scale reflecting weaker beliefs in the
controllability of memory. Previous research has demonstrated reasonable
internal consistency for each of the four subscales (Lachman et al., 1995).
Memory performance and strategy use. Memory performance was
assessed using the California Verbal Learning Test – Second Edition (CVLT-II,
Delis, Kramer, Kaplan & Ober, 2000). This task requires participants to attempt
to learn and recall a 16-item word-list (comprised of four words from each of
four semantic categories, pseudorandomly ordered – i.e. not semantically
clustered) over five trials, with recall assessed after each learning trial as well as
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after both a short and an extended delay. In the current study, immediate recall
(the total number of words recalled over the five learning trials) was selected as
the measure of memory performance to maintain consistency with Lachman and
Andreoletti (2006), with possible scores ranging from 0 to 80.
Strategy use on the CVLT-II was operationalised as the extent to which
participants clustered words according to their associated semantic categories
during recall. The extent of semantic clustering over the five learning trials was
calculated using the CVLT-II Comprehensive Scoring System software, which
controls for the amount of clustering expected due to chance. Possible scores
ranged from -3.0 to 9.0, with higher scores denoting greater semantic clustering.

Statistical Analyses
Screening revealed that complete data were available for all participants
on all variables. Prior to analysis, the items comprising the Inevitable
Decrement subscale of the MemCo were inverted so that higher scores across all
subscales were indicative of greater beliefs in control over memory.
Participants’ scores across the four subscales were then added to create a total
Memory Controllability score. Adequate internal consistency was found for this
measure (standardised Cronbach’s α = .79).
Univariate outliers were defined according to Tukey (1977) and were
trimmed back to the value that was two interquartiles above or below the
median. After handling outliers in this manner, the standardised skewness and
kurtosis indices of all variables met the normality of distribution criterion of
being within z ± 3.30 (i.e., α = .001).
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Between-group differences were examined using t tests. Path analyses,
using maximum likelihood estimation, were undertaken independently for the
HOA and aMCI groups (due to heterogeneity of relationships within each
group) in order to examine the relationships between age, education, control
beliefs (Memory Controllability), strategy use (Semantic Clustering), and
memory performance (Recall). Bootstrapping the sampling distribution of the
indirect effect of control beliefs on memory performance (using 5000
resamples) was employed to examine whether strategy use was a mediator in the
relationship between control beliefs and memory performance for each of the
groups. This nonparametric approach was selected as Preacher and Hayes
(2004) suggested it is more appropriate for small samples than alternative
parametric methods. Assumptions were met for all analyses, including the
assumptions of linearity, normality, and multicollinearity for all path analyses,
with all variables having a tolerance greater than .50.
Effect sizes are reported as Cohen’s d, defined as small (0.20), medium
(0.50), or large (0.80) effects, or R2, defined as small (.01), medium (.09), or
large (.25) effects according to Cohen’s (1988) criteria.

Results
HOA and aMCI Group Comparisons
Independent samples t-tests revealed significant group differences on
measures of control beliefs, strategy use, and memory performance (see Table
1). The HOA group reported believing more strongly in their ability to control
their memory than the aMCI group with a medium effect size, t(118) = -3.32, p
= .001, d = 0.60, and used significantly more semantic clustering across learning
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trials on the CVLT-II than the aMCI group, t(66.017) = -7.29, p < .001, d =
1.34, with a large effect size. Similarly, there was a significant group difference
on memory performance, t(105.694) = -9.86, p < .001, d = 1.80, with the HOA
group recalling more words across the learning trials of the CVLT-II than the
aMCI group. The significant group difference in control beliefs remained when
the subscale Present Ability was omitted from the Memory Controllability
measure, indicating that the effect was not simply an artefact of the aMCI group
accurately reporting a lower level of memory functioning compared to the HOA
group.

Path Analyses
The path model that was initially proposed for both groups is depicted in
Figure 2. It is based on the model that Lachman and Andreoletti (2006)
proposed regarding the relationship between age, education, control beliefs,
strategy use, and recall. Contrary to Lachman and Andreletti’s model, however,
age was included as a predictor of both control beliefs and strategy use, given
evidence of a relationship between these variables in previous research (Hertzog
et al., 1998; Hess & Hinson, 2006; Jopp & Hertzog, 2007).
HOA group. The initial model provided a relatively good fit for the
HOA group using maximum likelihood estimation, χ2(1, N = 60) = 1.38, p =
.239, CFI = .99, RMSEA = .08. However, post-hoc model modifications were
made in an attempt to develop a more parsimonious model. Regression paths
with a small direct effect size (i.e., standardised regression coefficient ≤ .10)
were removed in order to achieve this aim. The amended model (see Figure 3a)
provided an improved fit to the data, χ2(3, N = 60) = 1.51, p = .680, CFI = 1.00,
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RMSEA < .01, with predictors explaining 6% of the variance in control beliefs,
13% of the variance in semantic clustering, and 47% of the variance in recall.
Age was significantly (but negatively) related to semantic clustering, and both
memory controllability and semantic clustering were significantly and positively
related to recall (see Figure 3a). Bootstrap estimates examining whether
semantic clustering was a significant mediator of the relationship between
memory controllability and recall revealed that the indirect relationship was
significantly different from zero at p < .050, 95% CI (.003, .413) with a medium
effect size of R2 = .09, as calculated using Fairchild, MacKinnon, Taborga, and
Taylor’s (2009) method. After controlling for semantic clustering, the
relationship between memory controllability and recall remained significant,
indicating that semantic clustering was a partial mediator.
aMCI group. The initial model, as depicted in Figure 2, provided a
good fit for the aMCI group, χ2(1, N = 60) = 0.14, p = .711, CFI = 1.00,
RMSEA < .01. Post-hoc model modifications were again performed to remove
direct effects with small effect sizes. The amended model (see Figure 3b)
remained a good fit for the data, χ2(5, N = 60) = 1.75, p = .883, CFI = 1.00,
RMSEA < .01. The specified predictors explained only a small proportion of the
variance in control beliefs and semantic clustering (2% and 5% respectively) but
22% of the variance in recall. Only the paths from semantic clustering and
education to recall reached significance, with moderate to large and small to
moderate effect sizes respectively (see Figure 3b). Bootstrapping results did not
identify strategy use as a significant mediator in the relationship between control
beliefs and recall for the aMCI group, 95% CI (-.203, .043), with very little of
the variance in recall accounted for by the indirect effect, R2 < .01.
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Discussion
Group Differences in Control Beliefs, Strategy Use, and Memory
Performance
As hypothesised, the aMCI group endorsed a lower sense of control over
their memory and demonstrated reduced strategy use (semantic clustering) and
episodic memory performance (consistent with their diagnosis) compared to the
HOA group. There is now strong and consistent evidence for decreased use of
the semantic clustering strategy by individuals with aMCI (Hutchens et al., 2011
Perri et al., 2005; Price et al., 2010; Ribeiro et al., 2007). However, it is still
unclear whether this finding is specific to semantic clustering or reflects a more
widespread failure to employ strategies.
Providing some support for a more generalised effect, Hutchens et al.
(2011) reported impairment in subjective clustering (clustering words in an
undefined but systematic manner) in addition to semantic clustering in an aMCI
group compared with a HOA group, although interestingly the groups displayed
equivalent note-taking during a prospective memory task. This discrepancy was
hypothesised to reflect difficulty with internal (self-reliant) strategies due to
their cognitively demanding nature, but a retained ability to use less demanding
external (environmental or other-reliant) strategies as commonly used to effect
in prospective memory tasks. A reduced sense of control over memory, as
reported by the aMCI group, could theoretically account for either a generalised
impairment in strategy use (i.e. not employing any strategies because of a belief
that they will not assist) or a more specific reduction in the use of cognitively
demanding strategies due to a reduced level of effort being applied to memory
tasks.

168
The aMCI group reported less control over their memory, which could
reflect an accurate appraisal of their experience of memory failure and the
increased likelihood of encountering information regarding the possibility of
further decline. However, through interviews with individuals with early stage
dementia, their carers, and healthy older adults, Corner and Bond (2006)
identified widespread negative perceptions of dementia that included an
inevitable loss of control. Similarly, Banningh, Vernooij-Dassen, Rikkert, and
Teunisse (2008) examined perspectives of individuals recently diagnosed with
MCI and identified only negative consequences associated with condition, with
common themes including feelings of anxiety, rejection, loss of self-confidence,
shame and concerns about being a burden to others. This stigma may further
negatively impact on control beliefs and increase the potential for displaying
features of learned helplessness (Sabat, 2006). If this were the case, presentation
of aMCI provides a critical opportunity for intervention, and indeed Rapp et al.
(2002) reported that control beliefs could be increased in individuals with aMCI
through cognitive restructuring. In order to evaluate how control beliefs impact
on strategy use and memory performance, path analyses were conducted for
each group and are discussed below.

Relationship between Control Beliefs, Strategy Use, and Memory
Performance for Healthy Older Adults
In the current path model, age was negatively (but non-significantly)
related to both control beliefs and memory performance with small to medium
effect sizes. This is consistent with the extensive pre-existing literature
indicating lower performance on laboratory memory tasks (Sanders, Murphy,
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Schmitt, & Walsh, 1980) and a reduced sense of control over memory
functioning in older adults (Hultsch et al., 1987; Jopp & Hertzog, 2007;
Lachman, 1991). While many of these studies compared control beliefs and
memory performance differences in younger and older adult groups, it is
interesting that similar patterns emerged even within an exclusively older
population (age ranging from 61 to 90 years of age). Increasing age was also
significantly and negatively related to semantic clustering during recall of the
word lists. While previous findings regarding age-related changes in use of
semantic clustering have been varied (Cavanaugh & Poon, 1989; Hess &
Hinson, 2006; Sanders et al., 1980), this result is consistent with Anderson and
Craik’s (2000) argument that internal strategies, such as semantic clustering, are
difficult for older adults due to their cognitively demanding nature and reliance
on self-initiated processes. The other demographic variable, education, was
positively (but non-significantly) related to control beliefs, with a small to
medium effect. Positive correlations between education and control beliefs have
also been found in other domains of life such as health and work (Lachman &
Weaver, 1998). This relationship may reflect an increased likelihood of pursuing
further education by those who have a greater global sense of control (i.e.,
stronger beliefs in their ability to produced desired outcomes, Lachman &
Weaver, 1998). Alternatively, greater education may result in increased
opportunities to produce outcomes and experience control, which in turn
manifests a stronger sense of control (Gurin & Brim, 1984).
After accounting for the effects of age and education, and consistent with
previous studies, we found positive relationships of a small to medium effect
size between control beliefs and both strategy use (semantic clustering) and
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memory performance (Hertzog et al., 1998; Lachman et al., 2006; Riggs et al.,
1997) and a large and significant relationship between semantic clustering and
immediate recall. Furthermore, semantic clustering significantly, but only
partially, mediated the relationship between control beliefs and immediate
recall, suggesting that further mediators, i.e. physiological, motivational, and
affective factors (Miller & Lachman, 1999; 2000), will contribute to the link
between control beliefs and memory performance. Therefore, although
manipulation of control beliefs through intervention may help to improve
strategy use and memory performance for healthy older adults, a multifactorial
approach (targeting a range of influential factors as well as control beliefs) will
potentially provide more effective impact in changing memory performance.

Relationship between Control Beliefs, Strategy Use, and Memory
Performance in aMCI
The model regarding the relationship between age, education, control
beliefs, strategy use, and memory performance was very different in the aMCI
group than in the HOA group, with the exception of the positive relationship
between semantic clustering and immediate recall. Age was not significantly
related to control beliefs, semantic clustering (although a small effect was
found), nor to memory performance. Given the findings of age-associated
declines in control beliefs and memory performance in HOA, these results
suggest that condition-related factors (e.g. length of deterioration, severity of
impairment, or extent of pathology) play a greater role in determining beliefs,
behaviour, and cognitive functioning than does chronological age.
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However, and in contrast to the HOA group, education was significantly
and positively related to memory performance in the aMCI group. This provides
support for Stern’s (2002; 2009) theory of cognitive reserve. Cognitive reserve
refers to inter-individual differences in the ability to cope with brain pathology
based on the cognitive processes or neural networks an individual employs to
complete a task (Stern, 2009), and is often measured by individuals’ lifetime
experiences, with education commonly used as a proxy for cognitive reserve
(Evans et al., 1993; Reed et al., 2010). On the basis of a non-linear relationship
between neuropathology and cognitive or functional outcome, Stern (2009) has
proposed that individual differences in cognitive reserve will determine the
extent to which neuropathology is clinically expressed. The current finding of a
positive relationship between education and memory performance (specific to
the aMCI group) could therefore be interpreted as those with a higher level of
education coping better with the sequelae of neuropathology. Negative (but nonsignificant) relationships were found between education and control beliefs and
between control beliefs and strategy use for the aMCI group, and, furthermore,
strategy use did not significantly mediate the control beliefs – memory
performance relationship. Heterogeneous levels of awareness in the aMCI group
may partly account for the lack of a discernible pattern of results between
control beliefs, strategy use, and memory performance. Previous studies have
documented substantial individual variability in awareness of memory function
in aMCI, unrelated to severity of the condition (Roberts, Clare, & Woods,
2009). Therefore, it is plausible that individuals with good awareness of their
condition had lower control beliefs but employed more strategies in an attempt
to compensate, while those with limited awareness retained higher control
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beliefs but failed to employ strategies. Thus, awareness may be an important
factor to consider and measure in future research on aMCI.
Nevertheless, encouragingly, strategy use was significantly positively
related to memory recall, with a medium to large effect size, as found by
previous studies examining semantic clustering and external strategy use in this
population (Hutchens et al., 2011; Price et al., 2010). Given that strategy use
was reduced in the aMCI group compared to the HOA group, but that Ribeiro et
al. (2007) found that aMCI participants were able to employ a semantic
clustering strategy when provided with an external semantic cue, the present
study findings provide support for further investigation of different ways of
increasing spontaneous strategy use in this population. In particular, the lack of
relationship between control beliefs and strategy use or memory performance,
but strong relationship between strategy use and memory performance, argues
for a focus on training how to use strategies on memory tasks as opposed to
remapping expressed memory beliefs in interventions for aMCI.

Methodological Limitations
Limitations to the current study include the relatively small sample size
for the use of path analysis techniques. To account for this, we opted to focus on
presenting the effect sizes of the relationships and employed bootstrapping
methods to examine the mediation effects. In addition, this study was limited to
a single measure of strategy use and memory performance and so the findings
cannot necessarily be generalised to other memory tasks. It would therefore be
of interest to examine how control beliefs relate to the use of strategies that
participants are able to use competently (e.g., external strategies).
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Conclusion
In summary, the current study revealed a reduced sense of control over
memory (independent of beliefs about memory ability) as well as reduced
strategy use and memory performance in the aMCI group compared with the
HOA group. Using path analysis, control beliefs were positively related to
memory recall and strategy use (with small to medium effects) in the HOA
group, and strategy use was found to partially mediate the control beliefsmemory performance relationship. For the aMCI group, path analysis revealed a
very different pattern of results; beliefs about control over memory performance
were unrelated to recall and strategy use, possibly reflecting heterogeneous
levels of awareness in the aMCI group (Roberts et al., 2009). Therefore,
restructuring control beliefs in interventions for aMCI is unlikely to be the most
effective way of increasing strategy use and memory performance in this
population. Nevertheless, the aMCI group showed a strong positive relationship
between strategy use and recall, and therefore determining viable methods to
increase strategy use should be a priority in ongoing intervention research for
this population of older adults with significant memory impairment.
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Table 1
Demographics, Control Beliefs, Strategy Use, and Memory Performance for
aMCI and HOA Groups
aMCI

HOA

p

d

M

SD

M

SD

Age

76.12

6.58

74.63

6.02

.200

0.24

Years of Education

12.80

3.07

13.42

2.60

.237

-0.22

Premorbid Intelligence

108.95

6.99

108.48

8.32

.903

0.06

Memory Controllability

29.87

8.68

35.23

9.03

.001

0.60

Semantic Clustering

-0.03

0.51

2.00

2.09

< .001

1.34

Recall

28.32

8.75

47.72

12.49

< .001

1.80
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Memory Controllability
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+
Figure 1. Lachman and Andreoletti’s (2006) final path model for their healthy
older adult sample with age and education allowed to covary. Solid lines
indicate significant paths (p < .050). The + and – signs denote positive and
negative relationships respectively.
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Figure 2. Initial path model proposed, with observed variables age, education,
memory controllability, semantic clustering, and recall. The + and – signs
denote positive and negative relationships respectively.
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Semantic Clustering
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Recall
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(b)
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.13

Semantic Clustering
-.18
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.23

Figure 3. (a) Final model for the HOA group with observed variables age,
education, control beliefs, semantic clustering, and recall. Solid lines indicate
significant paths (p < .050).
(b) Final model for the aMCI group with observed variables age, education,
control beliefs, semantic clustering, and recall. Solid lines indicate significant
paths (p < .050).
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Abstract
Objective: More information is needed about memory strategy use in amnestic
Mild Cognitive Impairment (aMCI) in order to guide the development of
targeted psychological interventions for emerging memory impairments. The
current study aimed to compare strategy use and executive attention between an
aMCI and healthy older adult (HOA) group, and to determine whether impaired
executive attention could explain any decrease in strategy use. Method: aMCI
and HOA groups each comprised 83 participants matched for age and education.
Semantic clustering on a word-list learning task and note taking on a prospective
memory task provided measures of observed internal and external strategy use
respectively. In addition, self-reported strategy use was evaluated via a
questionnaire and standard neuropsychological measures of executive attention
(i.e., selective attention, set-shifting, and divided attention) were administered.
Results: The aMCI group demonstrated reduced spontaneous use of an internal
strategy (semantic clustering) but equivalent use of an external strategy (note
taking), as compared with the HOA group. In addition, executive attention was
impaired in the aMCI group and significantly associated with semantic
clustering. In contrast, executive attention was unrelated to note taking. Selfreported use of both internal and external strategies was equivalent between the
groups.
Conclusions: The executive attention impairments in the aMCI group, in
conjunction with the significant relationship between executive attention and the
observed use of an internal memory strategy, suggests that screening the
attentional abilities of individuals with aMCI may help to guide the selection of
appropriate psychological interventions.
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Introduction
Although characterisation of the memory impairment in amnestic Mild
Cognitive Impairment (aMCI) has received much attention in the literature,
comparatively little work has examined the spontaneous use of memory
strategies in aMCI. Understanding any deficit in memory strategy use is critical
to the development of targeted psychological interventions for this population.
The few studies that have considered spontaneous memory strategy use have
produced unequivocal findings of reduced semantic clustering (grouping words
according to superordinate semantic categories) during learning and recall of
word-lists as compared with healthy older adults (Hutchens et al., 2011; Perri,
Carlesimo, Serra, Caltagirone, & The Early Diagnosis Group of the Italian
Interdisciplinary Network on Alzheimer’s Disease, 2005; Price et al., 2010;
Ribeiro, Guerreiro, & De Mendonça, 2007).
Clustering strategies on word-lists fall under the broad category of
internal strategies - strategies that are self-initiated, cognitively demanding, and
self-reliant. In contrast, external strategies, such as alarms or shopping lists, can
automatically elicit retrieval cues when the to-be-remembered event arises and
are less cognitively demanding. In an earlier study (Hutchens et al., 2011), we
were able to demonstrate that a sample of individuals with aMCI used note
taking (an external strategy) as frequently as a control group on a prospective
memory task even though semantic clustering (an internal strategy) was clearly
compromised on a word-list learning task. These preliminary findings in aMCI,
of a differential reduction in the use of cognitively demanding internal memory
strategies as compared with external strategies, suggest impairment in the
cognitive resources that are necessary to support internal strategy use.
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In this respect, disrupted executive attention (i.e., selective attention, setshifting, and divided attention) is a prime candidate as Moscovitch and Winocur
(1992) proposed that a key component in the use of encoding strategies is the
selection and organisation of information that receives conscious attention in
order to provide adequate cues to elicit memories at retrieval. According to this
theory, if retrieval cues are provided by external sources (as is the case with
external strategies), there will be less of a reliance on executive attention
abilities. Similarly, Bouazzaoui et al. (2010) have contended that executive
attention underlies the execution of deep encoding and retrieval processes and is
therefore entailed in the use of internal but not external memory strategies.
Supporting these theoretical arguments, measures of executive attention
have been found to correlate significantly with spontaneous use of internal
strategies in healthy adults (e.g. Bryan, Luszcz, & Pointer, 1999). Moreover,
executive attention deficits have been increasingly identified in aMCI (e.g.,
Brandt et al., 2009) and therefore, it is possible that these deficits may
significantly contribute to the findings of reduced internal strategy use in aMCI.
However, Price et al. (2010) examined the relationship between executive
attention and internal strategy use (semantic clustering on a word-list learning
task) in an aMCI population and unexpectedly found that semantic clustering
only correlated with a measure of selective attention (semantic verbal fluency)
and not other measures of executive attention (set-shifting and divided attention)
for both aMCI and control groups. The reliability of these results is unclear
given the relatively small sample size employed for a population that is
recognised to vary substantially in terms of the type and severity of cognitive
deficits present.
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In contrast to internal strategies, the relationship between external
memory strategy use and executive attention has not been explicitly examined
but is expected to be weaker due to the theoretical arguments outlined above.
Bouazzaoui et al. (2010) provided some support for this hypothesised distinction
between the role of executive attention in internal and external strategy use by
using self-reports of strategy use in everyday life rather than direct observations
of strategy use on memory tasks. They found that healthy adults’ performances
on a composite measure of executive functioning (incorporating tests of
executive attention) significantly correlated with self-reported use of internal but
not external strategies. Although these findings provide a theoretically plausible
distinction between internal/external strategy use and executive attention, the
use of self-report is problematic in an aMCI population due to the large degree
of individual variability in awareness of memory function documented in this
population (Roberts, Clare, & Woods, 2009). As such, direct observation of
strategy use on memory tasks, rather than self-report, would provide more
compelling information for interpretation of the relationship between executive
attention and strategy use in aMCI.
Therefore, the current study’s primary aim was to investigate observed
strategy use in an aMCI and a healthy control group, and to evaluate the
relationship between executive attention performance and memory strategy use.
It was expected that, as compared with the healthy control group, the aMCI
group would demonstrate reduced spontaneous use of an internal memory
strategy despite equivalent use of an external memory strategy. Furthermore, the
aMCI group were expected to demonstrate reduced executive attention
performance; and executive attention was expected to predict use of an internal
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memory strategy. Self-reported use of internal and external memory strategies
was also compared between groups.

Methods
Participants
All participants were recruited from a memory intervention study being
conducted throughout Victoria, Australia. aMCI participants were referred to the
study by independent aged care specialists or memory clinics and were
diagnosed through multidisciplinary consensus according to Petersen’s (2004)
and Albert et al.’s (2011) criteria. HOA participants responded to study
advertisements in community settings and were matched to aMCI participants
for age and educational background. The final sample comprised 83 participants
in each group, a subsample of whom were included in a study published by
Hutchens et al. (2011). As shown in Table 1, aMCI and HOA groups were
statistically equivalent in terms of age, gender, years of education, and
premorbid intelligence (as measured by the Wechsler Test of Adult Reading,
Wechsler, 2001).
All participants were (a) over 60 years of age; (b) residing within the
community; (c) had English as their preferred language; (d) demonstrated intact
functioning on basic activities of daily living; and (e) did not meet criteria for
dementia (McKhann et al., 2011). The aMCI group (a) had sought professional
investigation due to a subjective memory complaint; (b) demonstrated evidence
of objective memory impairment on at least one of the four screening memory
measures (i.e. delayed recall at least 1.5 SD below age norms on the Hopkins
Verbal Learning Test - Revised, Brandt & Benedict, 2001; Logical Memory,
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Wechsler, 1997; Verbal Paired Associates, Wechsler, 2009; Complex Figure of
Rey, Meyers & Meyers, 1995); and (c) received a Clinical Dementia Rating
(CDR; Morris, 1993) of 0.5 (questionable dementia). The HOA participants did
not fulfil any of these criteria. Exclusion criteria for both groups included (a)
comorbidities likely to impact on cognitive functioning; (b) significant and
uncorrected visual or auditory impairment; and (c) a significant psychiatric
history or current acute psychiatric episode.

Materials and Procedure
Ethics approval was received from La Trobe University and all study
sites, and written consent was obtained from all participants. An example of the
participant information and consent forms provided to participants can be
viewed in Appendix B. The measures described below were administered as part
of a more comprehensive baseline assessment for the intervention study.
Strategy use. Observed internal strategy use was operationalised as the
extent of semantic clustering employed across the five learning trials of the
California Verbal Learning Test – Second Edition (CVLT-II, Delis, Kramer,
Kaplan & Ober, 2000), a widely used list-learning task. The semantic clustering
score was adjusted for the amount of clustering expected due to chance (Delis et
al., 2000), with possible scores ranging from -3.0 to 9.0 (higher scores
indicating greater clustering by semantic categories).
Observed external strategy use was operationalised as whether
participants took notes regarding the tasks they needed to remember to complete
during the Cambridge Prospective Memory Task (CAMPROMPT, Wilson et al.,
2005). Participants were provided with a notepad and pen and informed that
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they were able to use any memory strategy of their choice throughout the test.
They were categorised into two groups – those who took notes and those who
did not.
Self-reported strategy use was measured using the Strategy scale of the
Multifactorial Metamemory Questionnaire (MMQ, Troyer & Rich, 2002), which
consists of 19 items describing a range of memory strategies employable in
everyday life. Participants rated the strategies according to how often they were
used over the last two weeks, with scores ranging from 0 = never to 4 = always.
Executive attention. Selective attention was measured using the letter
and category fluency tests from the Delis Kaplan Executive Function System
(D-KEFS; Delis, Kaplan & Kramer, 2001). Set-shifting was measured on two
tasks: the category-switching component of the verbal fluency task from the DKEFS (Delis et al., 2001) and the Trail Making Test (Reitan & Wolfson, 1985),
for which Trails B minus Trails A (Trails B-A) provided the measure of interest.
Divided attention was measured using the telephone search dual task from the
Test of Everyday Attention (Robertson, Ward, Ridgeway & Nimmo-Smith,
1994), with the dual decrement score (TEA-dd) selected as the measure of
interest.

Statistical Analyses
Missing responses for MMQ Strategy scale items were replaced with
participants’ mean scores across the remaining items to allow for calculation of
subscale scores; the scale was subdivided into reliable Internal and External
subscales (standardised Cronbach’s α = .81 and .72 respectively) in accordance
with Hutchens et al. (2011). For all analysed variables, less than 5% of the data
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was missing (in a seemingly random pattern), and therefore cases with missing
data were excluded from analyses involving these variables.
Univariate outliers were defined according to Tukey (1977) and were
replaced with upper or lower “double interquartile” limits as appropriate. After
trimming outliers, the variables Trails B-A, TEA-dd, and Semantic Clustering
were still moderately positively skewed and, as such, had a square-root
transformation applied.
To obtain a composite measure of executive attention, a principal
components analysis (PCA) with varimax rotation was conducted on Letter
Fluency, Category Fluency, Switching Fluency, √TMT B-A and √TEA-dd using
the complete sample (n = 166). The assumptions of sampling adequacy (KMO =
.71) and Bartlett’s Test of Sphericity (p < .001) were both met, indicating a
factorable solution. The PCA produced a single factor with an eigenvalue
exceeding unity, accounting for 48% of the variance. The weights of this factor
were used to derive an executive attention index.
Between-group comparisons were made using t tests for continuous
variables and chi-square comparisons for categorical variables. For each group,
bivariate correlations between the executive attention index and strategy use
variables were examined and hierarchical regressions were conducted to
determine whether level of executive attention predicted strategy use.
Assumptions were met for all analyses. Effect sizes are reported as small (0.20),
medium (.50), or large (.80) for Cohen’s d, or small (.01), medium (.09), or
large (.25) for R2 or Φ2 according to Cohen’s (1988) criteria.
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Results
HOA and aMCI Group Comparisons
An independent samples t test revealed a significant group difference in
observed use of an internal strategy (semantic clustering), t(109.8) = -7.96, p <
.01, d = 1.24, with the HOA group outperforming the aMCI group with a large
effect size (see Table 1). In contrast, a chi-square test with Yates’ Continuity
Correction revealed equivalent use of an external strategy (note taking) between
HOA and aMCI groups, χ2(1, N= 165) = 0.50, p = .48, Φ2 = .07.
A significant group difference, with a large effect size, was also apparent
on the independent samples t test comparing executive attention index scores
between groups, t(151) = -6.54, p < .01, d =1.06, with the HOA group scoring
more highly than the aMCI group. Examination of the individual executive
attention tests comprising the index revealed that the HOA group significantly
outperformed the aMCI group on all measures with the exception of letter
fluency (see Table 1).

Relationship between Executive Attention and Strategy Use
Examination of Pearson correlations within each group revealed that the
executive attention index correlated significantly with internal strategy use for
both the aMCI group, R2 = .05, p = .04, and the HOA group, R2= .10, p < .01,
but not with external strategy use (R2 = .01, p = .33 and R2 = .02, p = .21
respectively).
Hierarchical regressions predicting internal and external strategy use
were performed independently for aMCI and HOA groups with the demographic
variables of age and education entered at Step 1, followed by the executive
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attention index at Step 2. For the HOA group, there was a significant change to
the amount of variance in semantic clustering explained by the model with the
addition of demographics, R2 change = .11, with age as the only significant
predictor with a small to medium effect size (see Table 2). In contrast, the
executive attention index was the only significant predictor of semantic
clustering for the aMCI group, with a small to medium effect size.
Regarding external strategy use, none of the predictors of note taking on
the CAMPROMPT were significant for the HOA group, while age was the only
significant (negative) predictor with a medium to large effect size for the aMCI
group. The executive attention index did not significantly predict external
strategy use for either of the groups after controlling for age and education.

Self-reported Strategy Use
Self-reported use of both internal and external strategies was statistically
equivalent for aMCI and HOA groups (see Table 1). Given the lack of group
differences, consistent with previous research, no further analyses were
conducted using the self-reported strategy use data.

Discussion
Consistent with the existing literature, the aMCI group in the current
study demonstrated reduced spontaneous semantic clustering (use of an internal
strategy) compared with healthy older adults (Perri et al., 2005; Price et al.,
2010; Ribeiro et al., 2007). Importantly, however, the study also confirmed
preliminary findings (Hutchens et al., 2011) that the groups were equivalent in
note taking (use of an external strategy), providing further evidence of a
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distinction between spontaneous use of internal and external memory strategies
in aMCI. Establishing whether these findings reflect a generalised pattern or are
specific to the strategies and memory tasks investigated is an important avenue
for future research.
Understanding the cause for the deficient use of semantic clustering in
aMCI would give an indication as to which other strategies will be impaired, as
well as providing guidance for the development of targeted cognitive
interventions. In this regard, the current study indicated that executive attention
was both impaired in the aMCI group, and significantly associated with
observed use of an internal but not an external strategy. This association
between higher order attentional allocation and capacity for internal strategy use
has previously been theorised (Moscovitch & Winocur, 1992; Bouazzaoui et al.,
2010) and demonstrated with healthy adults (e.g., Bryan et al., 1999).
Furthermore, its relationship with internal strategies is logical in relation to the
semantic clustering strategy; in order to employ the strategy individuals must
selectively attend to the relevant semantic attributes of words while ignoring
irrelevant attributes (e.g., lexical features), and shift their attention between
registering the incoming information and forming associations with previously
encountered words. Interestingly, in the current study executive attention only
accounted for a small to medium proportion of the variance in semantic
clustering in the aMCI group. Moreover, Price et al. (2010) failed to find
significant correlations between semantic clustering and individual measures of
set-shifting and divided attention. It is possible that employing a composite
measure of executive attention enabled us to detect a relatively weak
relationship between executive attention and semantic clustering in this
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population, and therefore future research is necessary to determine the clinical
relevance of this finding, and other factors that might impact on internal strategy
use in aMCI.
Although executive attention and semantic clustering were also
significantly correlated in the HOA group, the effect size was somewhat larger
than for the aMCI group (a medium effect, which is considered large enough to
be visible to the naked eye; Cohen, 1988). After controlling for age and
education in Step 1 of the regression (in which increases in age predicted lower
use of semantic clustering), however, executive attention did not remain a
significant predictor. Given that increasing age and lower executive attention
performance were significantly correlated in the HOA group (R2 = .08), it is not
surprising that executive attention failed to contribute further to explaining the
variance in semantic clustering after age had been entered first into the
regression. In the aMCI group, increasing chronological age and executive
attention were no longer highly correlated reflecting the impact of
neurodegenerative pathological changes associated with aMCI overriding these
typical age-related changes, thereby, allowing executive attention performance
to emerge as a significant predictor of internal strategy use, independent of age.
In regards to the objective measure of external strategy use, neither
group demonstrated a significant association between executive attention and
note taking, as theorised (Bouazzaoui et al., 2010; Moscovitch & Winocur,
1992) and as found by Bouazaaoui et al. (2010) using a self-report measure.
This is the first study to demonstrate this lack of association in either aMCI or
healthy aging using an objective measure of external strategy use. In addition,
age and education were not significant predictors of note taking for the HOA
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group, although age was a significant predictor for the aMCI group. This
differential relationship between age and note taking in the two groups could be
accounted for by an unconsidered variable mediating this relationship. For
example, it is possible that the most cognitively impaired persons with aMCI
failed to take notes (irrespective of executive attention abilities) and that
cognitive impairment was greatest in the oldest participants due to a longer
duration of the condition. Alternatively, strategy use on laboratory tasks may be
a function of the extent to which that strategy is used in everyday life. While
healthy older adults are functionally independent and have unlimited
opportunities to practise taking notes, individuals with aMCI may receive more
support from others and this support may increase according to their age,
thereby reducing their opportunities to employ memory strategies.
Similarly to note taking, self-reported use of both internal and external
strategies in everyday life was equivalent between the aMCI and HOA groups,
despite observed internal strategy use on a memory task being clearly reduced in
the aMCI group. This discrepancy between self-reported and observed measures
of internal strategy use in the aMCI group may be due to differences in strategy
use on laboratory as compared with everyday memory tasks or alternatively, due
to the impact of reduced levels of awareness on the accuracy of self-reports.
Roberts et al. (2009) identified substantial individual variability in awareness of
memory performance in aMCI and therefore it is conceivable that awareness of
a more abstract and internalised concept such as strategy use may also be
impaired. For this reason, the relationship between executive attention and selfreported strategy use was not examined. Awareness may be an important factor
for future research to consider both in relation to strategy use and the efficacy of
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interventions, as Clare, Wilson, Carter, Roth, and Hodges (2004) reported that
for a sample of individuals with early AD, greater awareness was associated
with more successful outcomes post cognitive rehabilitation.
Limitations of the current study include the observation of only one
example of an internal and an external strategy, preventing a clear answer to the
question of whether the distinction between internal and external strategy use in
aMCI is pervasive or limited to certain tasks. The use of recent developments in
smartphone technology offers an interesting avenue for further research given
the present study finding that external strategies minimise the demand on
cognitive (executive attention) resources. Furthermore, self-reported strategy
use was only measured in relation to everyday scenarios. Including self-reports
of strategy use on the laboratory tasks after their completion would have
provided further insight into any discrepancy between strategy use in laboratory
versus everyday scenarios and also the level of awareness of the aMCI group in
regards to their memory behaviours.
In summary, despite the lack of significant group differences in selfreported use of memory strategies, directly observed use of an internal memory
strategy (semantic clustering) was reduced in aMCI and was predicted by the
level of ability in executive attention. Spontaneous use of an external strategy
was equivalent between the groups and unrelated to executive attention.
Although further research is required to fully investigate the range of factors that
account for the substantial amount of variance in strategy use that remains
unexplained in aMCI, the results suggest that in addition to profiling memory
performance, screening the executive attentional abilities of individuals with
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aMCI may help to guide the selection of appropriate psychological
interventions.
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Table 1
Demographics, Strategy Use, and Executive Attention in aMCI and HOA
Groups

Age

aMCI

HOA

(n = 83)

(n = 83)

M

SD

M

SD

p

d

74.52

6.59

74.45

6.65

.94

0.01

Gender (% male)

47

36

.21

Years of Education

12.75

3.02

13.24

2.99

.29

0.16

Premorbid IQ

109.01

6.71

108.41

8.16

.61

0.08

Note Taking (% took notes)

50

57

.44

√Semantic Clustering

1.45

0.19

1.89

0.47

<.01

1.23

EAI

-0.45

0.90

0.48

0.86

<.01

1.06

Letter Fluency

37.02

11.63

39.99

11.88

.11

0.25

Category Fluency

31.59

7.39

38.83

8.55

<.01

0.91

Switching Fluency

10.16

2.77

13.06

3.12

<.01

0.98

√TMT B-A

9.83

3.05

7.72

2.01

<.01

0.82

√TEA-dd

2.37

0.53

2.14

0.38

<.01

0.50

MMQ Internal

11.65

6.33

12.43

5.77

.412

0.13

MMQ External

21.60

5.64

20.97

6.16

.493

0.11

Note: The EAI (Executive Attention Index) was comprised of Letter fluency, Category fluency,
Switching fluency, √TMT B-A and √TEA-dd (weighted according to the principle components
analysis); TMT B-A = Trail Making Test Part B – Part A; TEA-dd = Test of Everyday Attention
– dual decrement; MMQ = Multifactorial Metamemory Questionnaire. Due to technical failures
or participants’ inability to complete certain tests, the aMCI group were missing data for the
variables: Premorbid IQ and Letter fluency (n = 82), TMT B-A (n = 80), TEA-dd (n = 81) and
consequently the executive attention index (n = 78); the HOA group were missing data for the
variables: Note Taking, Category fluency and Switching fluency (n = 82), TMT B-A (n = 78),
TEA-dd (n = 79) and consequently the executive attention index (n = 75).
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Table 2
Prediction of Observed Internal and External Strategy Use
DV

IV

ΔF

ΔR2

0.46

.01

s

sr

p

√Semantic Clustering
aMCI
Step 1:

Step 2:

.64

Age

.09

.09

.45

Education

.07

.07

.56

.23

.24

.04

EAI

4.54

.06

4.60

.11

HOA
Step 1:

Step 2:

.01

Age

-.28

-.28

.01

Education

.19

.19

.10

.32

.21

.07

EAI

3.40

.04

5.25

.12

Note Taking
aMCI
Step 1:

Step 2:

<.01

Age

-.33

-.33

<.01

Education

.13

.14

.24

.11

.03

.81

EAI

0.06

<.01

0.23

<.01

HOA
Step 1:

Step 2:

.79

Age

-.08

-.08

.50

Education

<-.01

<-.01

.98

.15

.14

.25

EAI

1.36

.02

Note: DV = Dependent Variable; IV = Independent Variable; EAI = Executive Attention Index
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Chapter 5. Summary and Conclusions
5.1 Chapter Overview
This chapter will review and discuss the findings of the current research
in the context of the literature and research aims detailed in Chapter 1. A
primary aim of the current research was to characterise the nature of memory
strategy use in aMCI and to determine whether this differed from the strategy
use of healthy older adults. An extension of this aim was to investigate whether
there was a distinction between the use of internal and external memory
strategies in aMCI and whether strategy use was associated with better memory
performance for this population. The three studies reported in Chapters 2, 3, and
4 additionally examined factors that were hypothesised to account for the
deficient semantic clustering (use of an internal memory strategy) indicated by
the pre-existing literature on aMCI. These factors were: a reduced ability to
access and apply knowledge of memory strategies, decreased belief in the
controllability of memory, and impaired levels of executive attention. The
samples in Studies 1 and 2 were entirely independent of one another, while the
sample in Study 3 comprised a combination of participants from the first two
studies. As such, the results reported in Study 3 regarding comparisons of
strategy use between the aMCI and HOA groups partially overlap with those
reported in Studies 1 and 2. The implications of the results for both the
development of cognitive interventions for aMCI and for theoretical purposes
are discussed. The chapter concludes with an examination of the strengths and
limitations of the current research and directions for future research.
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5.2 Strategy Use in aMCI Compared with Healthy Aging
As described in Chapter 1, there is a paucity of literature regarding the
spontaneous use of memory strategies in aMCI and how this compares with
strategy use in typical aging. This information is critical for the development of
targeted cognitive interventions, given that the majority of interventions for
aMCI either include, or have a singular focus on, memory strategy training.
Evidence for a reduction in the spontaneous use of memory strategies in aMCI
as compared with typical aging would provide a strong argument for including
strategy training in interventions, however the content and format of such
interventions will depend on the pattern of strategy use (i.e. which strategies are
reduced or intact) and the cause of any change in strategy use. For example, if
use of a particular strategy were reduced due to cognitive deficits preventing
application of that memory strategy, interventions could place a greater
emphasis on strategies that could be successfully implemented. On the other
hand, if there was a generalised reduction in strategy use due to psychological
factors (e.g. expectations and beliefs), interventions would benefit from
targeting these factors, in addition to training memory strategies.
Examining the pattern of strategy use in aMCI requires consideration of
the distinction between internal and external memory strategies. As defined in
Chapter 1, internal memory strategies are those that are self-reliant, in contrast
to external strategies, which rely on overt cues provided by the environment or
other people (Fort, Adoul, Holl, Kaddour, & Gana, 2004). Internal memory
strategies are considered to be more cognitively demanding than external
strategies (Troyer, 2001), and are used less frequently in older age despite an
increase in the use of external strategies (Bouazzaoui et al., 2010; Devolder &
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Pressley, 1992; Dixon & de Frias, 2007; Dunlosky & Hertzog, 1998; Sanders,
Murphy, Schmitt, & Walsh, 1980; Touron & Hertzog, 2004; Witte, Freund, &
Brown-Whistler, 1993; Witte, Freund, & Sebby, 1990). For this reason, it was
hypothesised that individuals with aMCI would be most impaired in their use of
internal memory strategies, while external strategy use would be relatively less
affected. This hypothesis was explored across the three studies reported in
Chapters 2, 3, and 4, using both objective measures of strategy use (i.e.
observations of strategy use on standardised memory tasks) and self-reports of
strategy use in everyday life.

5.2.1 Observed strategy use.
Across the three studies, results were consistent with regards to
comparisons of observed strategy use between the aMCI and HOA groups.
Compared with controls, the aMCI groups demonstrated a clear reduction in the
use of two internal memory strategies (semantic and subjective clustering) on a
word-list learning task, despite a similar proportion of the aMCI and control
groups using an external memory strategy (note taking) on a prospective
memory task. As noted in Chapter 1, previous research comparing strategy use
between aMCI and healthy older adult groups has only examined semantic
clustering and, in line with the current research, has consistently identified
reduced levels of clustering in aMCI (Perri, Carlesimo, Serra, Caltagirone, &
The Early Diagnosis Group of the Italian Interdisciplinary Network on
Alzheimer’s Disease; Ribeiro, Guerrerio, & De Mendonça, 2007; Price et al.,
2010).
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Use of internal memory strategies.
Although deficient use of the semantic clustering strategy in aMCI has
been consistent across different word-list tasks, contradictory patterns of
clustering across learning and recall trials have been described in the literature.
This information can provide an indication as to why strategy use is reduced in
this population, signifying whether persons with aMCI are applying the strategy
- albeit less efficiently than healthy older adults, or are unable to apply the
strategy successfully despite attempts to do so, or are failing to recognise the
opportunity to apply the strategy. Perri et al. (2005) was the first to examine the
pattern of semantic clustering over trials in aMCI and reported a slight but nonsignificant increase in clustering across five learning trials for both aMCI and
control groups. In contrast, Price et al. (2010) identified a continuous increase in
semantic clustering across learning and delayed recall trials for their healthy
older adult group, but did not find any significant change in clustering across
trials for the aMCI group. Lastly, Ribeiro et al. (2007) did not examine changes
in clustering across learning trials but reported a significant increase in semantic
clustering for both aMCI and control groups after being provided with semantic
cues. In light of this inconsistency in the literature, the patterns of semantic
clustering over the five learning trials and the delayed recall trial of the CVLT-II
were examined for both aMCI and HOA groups in Study 1.
The results were essentially identical to those of Price et al. (2010), with
the HOA group demonstrating a significant main effect of trials; the greatest
increase occurred between the first and second trial and then continuing across
each subsequent trial. Although the aMCI group employed the semantic
clustering strategy to the same degree as the control group on the first trial, the
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profile of semantic clustering over the remaining trials was markedly flat, and
consequently, the main effect of trials was not significant. Interestingly,
semantic clustering did not increase from trial 5 to the delayed recall trial in the
aMCI group, despite the CVLT-II incorporating semantic cues in the interim.
Specifically, cueing involved participants being provided with the semantic
categories encompassed in the list and recalling the words associated with each
category. Although these results closely replicate those of Price et al., and are
consistent with the non-significant effect of trials for the aMCI group in Perri et
al.’s (2005) study, they contradict the findings of Ribeiro et al. (2007), who
employed the only other word-list task to incorporate semantic cueing. It is
difficult to directly compare these studies given that each of the studies
employed different word-list tasks, and that different characteristics of the tasks
may impact on strategy use. Nevertheless, the low and fairly restricted range of
semantic clustering scores for the aMCI group in the current study, in
conjunction with the minimal increase in clustering across trials, suggests that
the aMCI group as a whole were either not attempting, or were unable, to
employ the semantic clustering strategy. The pattern of clustering is not in
keeping with a less efficient application of the strategy compared with healthy
older adults (as clustering did not increase over trials), or a failure to employ the
strategy due to an unawareness of the opportunity to apply the strategy (as there
was no increase in clustering after this was made salient through semantic
cueing).
The pattern of semantic clustering, and the argument that the aMCI
group were not attempting, or were unable, to apply the strategy is concordant
with research into internal memory strategy use in AD. In both Study 1 and the
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study by Price et al. (2010), control groups demonstrated the largest increase in
semantic clustering from trial 1 to trial 2, presumably reflecting a shift in
strategic approach to the task. In contrast, the aMCI group did not demonstrate a
significant shift to semantic clustering at any time point. In a similar manner,
Greene, Baddeley, and Hodges (1996) found that while control participants
shifted from a simple recency strategy (focusing on recalling words presented
most recently) to a strategy more supportive of long-term recall over three trials
of a word-list, an AD group failed to demonstrate this shift. They argued that
this reflected an over-reliance on primary (or working) memory in AD, at the
expense of strategic acquisition of information. However, while the now robust
findings of deficient semantic clustering suggest that this explanation could be
extended to aMCI, the possibility that semantic clustering is simply reduced due
to difficulty in identifying semantic associations between items could not
previously be excluded due to the dearth of research into the use of other
memory strategies.
In this regard, the current research provides an important extension of
the previous literature by also comparing the use of another internal memory
strategy (subjective clustering) and the use of a non-strategic approach (serial
clustering) to the word-list task between the aMCI and HOA groups. Although
not explicitly defined, subjective clustering requires active reorganisation of the
study materials in order to assist later recall, and so can be considered an
internal memory strategy. In contrast, serial clustering is simply recall of the
information in the order in which it was presented and therefore reflects a nonstrategic approach to the task (Delis, Kramer, Kaplan, & Ober, 2000). In
addition to reduced semantic clustering, the aMCI group demonstrated deficient
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use of the subjective clustering strategy compared with the control group.
Despite this being the first study to compare subjective clustering with a healthy
older adult group, Ramakers et al. (2010) has also reported that within a sample
of individuals with aMCI, those who used less subjective clustering were more
likely to convert to AD over a follow-up period of ten years. These findings of
decreased subjective clustering in aMCI are valuable as they indicate that the
semantic clustering deficit is not simply due to difficulty identifying semantic
associations between words but can be conceptualised more broadly as an
impairment in using categorisation per se as a strategy to aid memory recall.
In Study 1, it was hypothesised that if the reduction in semantic
clustering were due to difficulty employing semantic associations specifically,
the measure of subjective clustering, in contrast, would capture internal
strategies used as an alternative to semantic clustering (e.g., the use of visual
imagery or linking words to form a story). This accommodation did not occur,
however, given the reduced level of subjective clustering in the aMCI group.
While these alternative internal strategies do not require identification of
semantic associations between items, they do require access to semantic
knowledge, as do most internal memory strategies. For example, to use visual
imagery an individual must have general knowledge of what items look like and
how they usually interact with one another in everyday life. Therefore, the
recent research suggesting that semantic memory deficits are common in aMCI
(as outlined in Chapter 1; Ahmed, Arnold, Thompson, Gaham, & Hodges, 2008;
Alladi, Arnold, Mitchell, Nestor, & Hodges, 2006; Dudas, Clague, Thompson,
Graham, & Hodges, 2005; Estévez-González et al., 2004; Lonie, Herrmann,
Donaghey, & Ebmeier, 2008; Lonie et al., 2009; Murphy, Rich, & Troyer,
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2006), may offer an account for the deficient use of both the internal memory
strategies investigated in the current research. Alternatively, the reduced use of
both semantic and subjective clustering strategies could reflect a more
generalised difficulty with strategically organising material to be remembered
and subsequently recalled due to impaired prefrontal cortex functioning (e.g.,
deficient allocation of executive attention). In contrast to semantic and
subjective clustering, the passive approach to the task (serial clustering) was
equivalent between the aMCI and HOA groups. Therefore, the low levels of
semantic and subjective clustering were not simply an artefact of the few words
recalled by the aMCI group, but reflect an actual phenomenon that requires
explanation.

Use of an external memory strategy.
In addition to examining two internal memory strategies on a
retrospective memory task, the current research extended upon the pre-existing
literature by observing use of an external strategy (note taking) on a prospective
memory task. In keeping with the hypothesised distinction between the use of
internal and external memory strategies, an equivalent proportion of both the
aMCI and HOA groups took notes regarding the tasks they needed to remember
to complete in the future. Nearly all of the participants who took notes
subsequently used those notes as they carried out the various tasks, thus this did
not distinguish the groups either. It is unclear whether this finding can be
generalised to a wider range of external strategies (smartphone technology for
example), given that this is the first research to evaluate external strategy use in
this population. Nevertheless, it does highlight the fact that memory strategy use

218
is not a one-dimensional concept, and that investigation of a variety of strategies
is necessary in order to identify the best targets for cognitive intervention.

Pattern of strategy use.
Overall, observations of memory strategy use on standardised memory
tasks revealed a distinction between the ability to employ internal and external
memory strategies in aMCI. This distinction has previously been drawn in the
literature on healthy aging, with older age associated with a decrease in the use
of internal strategies, but an increase in the use of external memory strategies
(Bouazzaoui et al., 2010; Dixon and de Frias, 2007). Anderson and Craik (2000)
have explained this divergence in terms of the different cognitive demands
associated with internal and external memory strategies, and a reduction in the
cognitive processing resources available in older age. In regards to aMCI, there
are a number of possible explanations for a decrease in the use of more
cognitively demanding strategies despite maintenance of less demanding
strategies. In addition to the effect of decreased cognitive processing resources
(specifically executive attention), the current research evaluated the possible
impact of reduced access to strategy knowledge and reduced belief in the
controllability of memory on strategy use, as reported later in this chapter.
An alternative interpretation of the results is that the distinction is not
actually between the use of internal and external memory strategies, but rather
differences in the characteristics of the memory tasks or the familiarity of the
memory strategies investigated. For example, it is possible that persons with
aMCI demonstrated intact use of an external strategy such as note taking
because it is highly familiar to them and something that they commonly employ
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in everyday life. In contrast, semantic and subjective clustering are more
abstract strategies that may only be relevant to specific laboratory-style memory
tasks. In accordance with this proposition, Brigham and Pressley (1988) found
that older adults more commonly reported selecting their memory strategies
based on their familiarity with the strategy, or its ease of use, while younger
adults based their choice on the efficacy of memory strategies. Although
providing a feasible account for the distinction between use of internal and
external memory strategies in the aMCI group, this reasoning cannot
satisfactorily explain why internal memory strategy use was further reduced in
the aMCI groups as compared with the HOA groups (as semantic and subjective
clustering should be equally unfamiliar in the two groups).
The differential reduction in internal as compared with external memory
strategy use in the aMCI group may also have stemmed from differences in the
memory tasks on which strategy use was observed. In particular, the
standardised instructions for the CAMPROMPT (the prospective memory task)
require administrators to inform participants that they can use any memory
strategy of their choice. This instruction, in conjunction with the provision of a
notepad and pencil, may have provided a cue for individuals with aMCI to use
the note taking strategy, resulting in the equivalent external strategy use between
the groups. The CVLT-II (the retrospective memory task) does not include
explicit instructions regarding strategy use. However, the inclusion of a recall
trial based on semantic cueing prior to the delayed free-recall trial does provide
a prompt to use the semantic clustering strategy, and yet the aMCI group did not
demonstrate comparable levels of semantic clustering to the HOA group at
delayed recall, or even an increase in clustering following cueing.
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While the use of different memory tasks to explore internal and external
strategy use was a limitation of the current research, the same issue plagues all
research utilising objective measures of strategy use. Standardised memory tasks
only allow for a limited range of strategies to be observed and so, for this
reason, many studies of memory strategy use have employed questionnaires that
cover a wide range of internal and external strategies relevant to everyday life.
In addition to the objective measures of strategy use, a questionnaire focusing
on strategy use in everyday life was also employed in the current research, and
therefore it was of interest to compare self-reported strategy use with objective
measures of strategy use.

5.2.2 Self-reported strategy use.
Although self-reported strategy use was consistent across Studies 1 and
3, it was not consistent with objective measures of strategy use. The aMCI
groups self-reported using internal and external memory strategies to the same
degree as the control groups over a two-week period, despite clearly
demonstrating deficient use of two internal memory strategies on a standardised
memory test. One explanation for this discrepancy is that strategy use differs
between laboratory-style memory tasks and everyday memory tasks. As noted
previously, questionnaires measuring strategy use in everyday life cover a much
broader range of memory strategies than can be practically examined on
standardised memory tests, and are likely to include strategies that are more
familiar to participants. Therefore, the results could reflect maintained use of
familiar internal strategies by persons with aMCI but impaired use of unfamiliar
and more abstract internal strategies. In this way, questionnaire measures of

221
strategy use may be critical to gaining a comprehensive understanding of
strategy use in different scenarios.
Alternatively, the discrepancy between self-reported and observed
measures of internal strategy use may be a product of the invalidity of selfreports. In addition to accounting for the discrepancy between different
measures of strategy use, this explanation could also account for the discrepancy
between the results of the current research and those of the two studies that have
previously examined self-reported strategy use in cognitively impaired (but not
classified as aMCI) samples. Chung and Man (2009), and Dixon and de Frias
(2007) both found reduced levels of self-reported strategy use in cognitively
impaired samples compared with healthy older adults, however their results are
not directly comparable with the current research, or each other, due to the use
of vastly different populations and measures of strategy use. Chung and Man
investigated self-reported strategy use on the Multifactorial Metamemory
Questionnaire (Troyer & Rich, 2002; as employed by the current research) with
a sample of individuals classified as MCI on the basis of a score of 0.5
(questionable dementia) on the Clinical Dementia Rating scale in conjunction
with self- or informant-reported reductions in cognitive function and impaired
performance on a category fluency test. Although the MCI group self-reported
reduced use of memory strategies compared with the control group, there was
no distinction made between the use of internal and external memory strategies.
Furthermore, Chung and Man’s Chinese sample endorsed substantially lower
levels of strategy use across both MCI and control groups in comparison to
previous research with Western samples (Troyer & Rich, 2002), and the current
research (with strategy scores of the control group approximately half of those
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in the Study 1), raising questions about the impact of cultural factors on the selfreport of memory strategy use.
Also in contradiction to the results of the current research, Dixon and de
Frias (2007) found that a memory-impaired sample (who performed 1 SD below
a parent sample on episodic and semantic memory tests) reported a significant
decrease in external strategy use on the Memory Compensation Questionnaire
(de Frias & Dixon, 2005) over a six-year period, while not-impaired controls
reported a significant increase in external strategy use. Self-reported use of
internal memory strategies, however, was consistent between the groups over
this period. This is in contrast to the numerous studies now identifying a
reduction in the observed use of internal memory strategies by persons with
emerging memory impairment, and therefore may reflect issues with the validity
of self-reports.

Validity of self-report measures.
Herrmann (1982) argued that people’s responses on questionnaires are
often reliable but not particularly accurate, as they are based on an interaction
between people’s beliefs and their actual memory performance. Similarly, Blair
and Burton (1987) found that individuals responding to survey items regarding
the frequency of behaviours often estimated their behaviour based on selfschemas, rather than episodic recall of previous scenarios in which the
behaviour or performance occurred. In line with these suppositions, numerous
studies have found weak correlations between estimates of memory
performance or self-reported memory ability, and actual performance on
standardised memory tests (Little, Williams, & Long, 1986; Rabbitt & Abson,
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1990; Troyer & Rich, 2002). This led Herrmann to conclude that memory
questionnaires cannot replace objective measures of memory performance.
Specific to the MMQ, Troyer and Rich (2002) similarly found very low
correlations (of a small to negligible effect size) between questionnaire ratings
of memory ability and performance on both standardised memory tasks and
tasks with greater ecological validity. They suggested that this low correlation
was due to a number of factors, including the impact of general beliefs about
aging and memory, and a lack of awareness regarding behaviour and
performance.
In regards to aMCI, degree of awareness is likely to be particularly
relevant to the validity of self-reports, given that impairments in awareness have
commonly been identified in early-stage AD (Clare, 2003; Green, Goldstein,
Sirockman, & Green, 1993; Smith, Henderson, McCleary, Murdock, &
Buckwalter, 2000). Although this is the case, no consensus has been reached
regarding the prevalence of awareness deficits (with estimates ranging from 20
to 80% in probable AD; Migliorelli et al., 1995; Sevush & Leve, 1993) or the
underlying cause of these deficits (Clare, 2004). As recognised by Clare,
Marková, Roth, and Morris (2011), this is likely due to the fact that awareness is
an extremely complex phenomenon that can vary with regards to many factors,
including the object of awareness (e.g., awareness of having a medical condition
as opposed to awareness of functional independence). In aMCI, most of the
research has examined awareness of memory impairment, instigated by the
inclusion of memory complaint as a selection criterion for aMCI samples, and
contentions that this criterion may be void because of the invalidity of selfreports (Collie, Maruff, & Currie, 2002; Fisk, Merry, & Rockwood, 2003). In
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line with these contentions, recent criteria for aMCI allow for the memory
complaint to be made by the individual being investigated, a close informant, or
a skilled clinician (Albert et al., 2011). Substantiating the claims of invalid selfreports in aMCI, Ganguli, Dodge, Shen, and DeKosky (2004) found that
removing the criterion of memory complaint approximately doubled the
prevalence of aMCI in their community-based cohort. Furthermore, they found
that approximately 60-70% of participants who demonstrated a decline in
memory over a two-year period did not report any memory complaint, while 2035% of participants reporting a memory complaint did not demonstrate any
evidence of memory decline. Similarly, Eschen, Martin, Gasser, & Kliegel
(2009) found that memory complaint could not discriminate between aMCI,
AD, and control groups, and Lin et al. (2010) reported no difference in ratings
of everyday memory abilities between elderly adults diagnosed with AD or
MCI, suspected of AD or MCI, or classified as cognitively normal based on
standardised test scores. Demonstrating the impact that reduced awareness can
have on self-reports, Lin et al. also found that the cognitively impaired groups in
their study showed significantly greater discrepancies between estimated and
objective memory performances, and were significantly more likely to
overestimate their performance on objective memory tasks than the nonimpaired group.
Nevertheless, Roberts, Clare, and Woods (2009) reviewed 16 studies
conducted on memory awareness in aMCI and concluded that awareness is not
equally impaired across persons with aMCI, but that a substantial degree of
individual variability exists. In addition to this individual variability, multiple
studies have indicated that degree of awareness may depend on the measure of
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awareness employed (Derouesné et al., 1999; Seelye, Schmitter-Edgecombe, &
Flores, 2010). In particular, prediction and self-monitoring of memory
performance on specific and temporally proximal tasks has been shown to be
relatively accurate in aMCI (Akhtar, Moulin, & Bowie, 2006; Seelye et al.,
2010), while over- or under-estimations of memory performance commonly
occur with offline assessment measures (e.g., estimates of performance on
temporally distant tasks or ratings of everyday memory; Collie et al., 2002;
Kalbe et al., 2005; Roberts et al., 2009; Vogel et al., 2004). In line with these
findings, Cavanaugh, Feldman, and Hertzog (1998) theorised that detailed and
specific items on questionnaires are more likely to elicit episodic recall of
relevant scenarios and accurate judgements than are more general items, for
which responses will be based on stereotypes or memory beliefs.
The influence of different questionnaire attributes on the accuracy of
self-reports might explain some of the discrepancy between the results of the
current study and those of Dixon and de Frias (2007), given that the Memory
Compensation Questionnaire (employed by Dixon and de Frias) asks more
about strategy use in specific scenarios than does the MMQ which was used in
the current research. In addition, the different selection criteria for the samples
employed in the current research compared to those in the studies by Dixon and
de Frias, and Chung and Man (2009), may have resulted in samples with
different levels of awareness, thus affecting self-reports. For example, Chung
and Man did not require participants to demonstrate cognitive deficits on
standardised tests (other than performance on a category fluency test being at
least 1 SD below means) or to report any impairment in memory. Dixon and de
Frias classified individuals as memory-impaired on the basis of how their
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memory performance compared to a parent sample without requiring any reports
of cognitive decline. Therefore, the samples in the studies by Chung and Man,
and Dixon and de Frias were likely functioning at a higher level than the sample
in the current research, and thus may have maintained greater awareness of their
strategy use.
While awareness of memory ability has received attention in the
literature, no research to date has examined awareness of memory strategy use
in aMCI. Memory strategy use is arguably a more abstract and internalised
concept for which feedback is less readily available than memory performance.
It is therefore feasible that even subtle impairment in awareness may have a
significant impact on questionnaire reports of strategy use. This suggests that
much more in-depth examination of awareness of memory strategy use is
required before questionnaire responses can be confidently accepted as credible
indicators of strategy use in aMCI. The finding that individuals with aMCI make
more accurate predictions of memory performance on specific and temporally
proximal tasks, however, intimates that self-report of strategy use might be more
reliable when ascertained immediately after completion of a memory task.
Nevertheless, this approach was avoided in the current research due to the
impact it may have had on subsequent tasks. More information regarding the
reliability of self-report could be gained by examining the relationship between
self-reported and observed measures of strategy use and memory performance,
although the primary aim of these analyses was to examine whether individuals
with aMCI were able to benefit from using memory strategies.
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5.2.3 Relationships between strategy use and memory performance.
Observed strategy use and memory performance.
Consistent with the inclusion criteria, the aMCI groups demonstrated
significantly poorer performance on both retrospective and prospective memory
tasks in comparison to the control groups. Still, results were encouraging
regarding the relationship between observed strategy use and memory
performance, and thus the ability of the aMCI group to benefit from memory
strategy use. The relationships between strategy use and both retrospective and
prospective memory performance were primarily examined in Study 1, although
the association between semantic clustering and retrospective memory was also
examined in Study 2.
In regards to objective measures of internal strategy use, after controlling
for background variables (i.e. age and education), semantic clustering was
positively related to both immediate and delayed recall of a word-list with a
moderate to large effect size for the aMCI groups. Importantly, this was
equivalent to the results for the HOA groups, with the exception that semantic
clustering was related to immediate recall with a slightly larger effect for the
controls. The study conducted by Price et al. (2010) is the only other study to
have investigated the relationship between semantic clustering and memory
performance, and similarly found a positive and significant relationship between
these variables for an aMCI group. These consistent results suggest that
although persons with aMCI are less efficient at employing a semantic
clustering strategy than healthy older adults, they are able to benefit from using
the strategy to the same degree, providing impetus for increasing the use of
memory strategies through cognitive intervention. In contrast to semantic
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clustering, subjective clustering was not significantly associated with
retrospective memory performance for either the HOA or the aMCI group.
Although subjective clustering has been implicated as a useful strategy on wordlists comprised of unrelated words (Earhard, 1967; Bowler, Gaigg, & Gardiner,
2008), a link between subjective clustering and recall has not been demonstrated
on semantically related word-lists (Matsui, Yuuki, Kato, & Kurachi, 2006). This
suggests that although measures of subjective clustering can capture a range of
internal memory strategies, these strategies are generally inferior to semantic
clustering when there is an opportunity to use this strategy. In a similar manner,
serial clustering was not significantly related to delayed recall of the word-list
for the aMCI group and was negatively associated with recall (with a small to
medium effect size) for the HOA group. This provides further support for the
argument that serial clustering does not reflect a strategic approach to word-list
tasks, but rather a passive approach that impairs instead of aids recall.
In keeping with the results for semantic clustering, observed use of an
external strategy (note taking) significantly predicted prospective memory
performance for the aMCI group with a large effect. This is the first study to
objectively examine external strategy use in aMCI, and therefore the
relationship between external strategy use and memory performance, however
numerous intervention studies have suggested that individuals with more severe
memory deficits (e.g. AD) can learn to use and benefit from external aids
(Oriani et al., 2003). Interestingly, the same association was not apparent for the
HOA group, with note taking predicting only a small to moderate amount of the
variance in prospective memory performance. The HOA group did not perform
at ceiling on the CAMPROMPT task, and therefore this weaker relationship
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between note taking and memory performance does not reflect perfect
performance regardless of strategy use. It is possible, however, that it reflects a
decreased reliance on notes to complete the various tasks in the CAMPROMPT
when provided with a cue. On the CAMPROMPT, whenever a task is not
completed at the appropriate time a cue is provided, which may be sufficient to
prompt recall of the tasks in a cognitively normal group with intact retrospective
memory ability. In contrast, the strong relationship between note taking and
memory performance in the aMCI group suggests that even with prompts, the
aMCI group were heavily reliant on their notes to carry out the tasks, which is
unsurprising given the significant retrospective memory deficits in this group.

Self-reported strategy use and memory performance.
In contrast to objective measures, self-reported use of memory strategies
was not predictive of performance on the retrospective or prospective memory
tasks for either the HOA or aMCI groups. In light of the earlier discussion
regarding the evidence for invalidity of self-reports (in both clinical and nonclinical samples), this lack of an association (despite strong associations
between objective measures of strategy use and memory performance) is not
particularly surprising. This differential relationship between self-reported and
observed measures of strategy use and memory performance may provide
additional, albeit indirect, evidence for the poor validity of self-reports;
however, the possibility that the strategies reported on the questionnaires did not
relate to the laboratory-style memory tasks cannot be discounted. This is
particularly relevant to the questionnaire used in the current research (the
MMQ), which focuses on memory strategies used in everyday life that may not
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be relevant to an abstract task such as memorising a list of words. In saying this,
the tasks in the CAMPROMPT correspond more closely with everyday memory
tasks (e.g., remembering to give someone a message at a certain time), and
therefore it could be argued that performance on this task should show a larger
association with self-reported use of external memory strategies, which it did
not.

5.2.4 Summary.
In regards to the pattern of strategy use in aMCI compared with healthy
aging, the three studies reported in Chapters 2, 3, and 4, identified a clear
reduction in the use of both semantic and subjective clustering (internal
strategies) in aMCI, despite maintained use of note taking (an external strategy).
In contradiction to these findings, the aMCI group reported equivalent use of
both internal and external memory strategies to the control group in everyday
life, adding to the body of literature on the questionable validity of self-reports.
Furthermore, although objective measures of strategy use were strongly related
to memory performance for the aMCI group, self-report measures did not show
any significant associations. This differential reduction in the observed use of
internal, as compared with external memory strategies, has significant
implications for the design of cognitive interventions for emerging memory
difficulties. Understanding the underlying cause for this differential effect,
however, is also necessary to ensure that interventions are targeted
appropriately. On this basis, the studies presented in Chapters 2, 3, and 4, each
examined a factor that was hypothesised to account for the pattern of strategy
use in aMCI – changes in strategy knowledge, memory control beliefs, and
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executive attention. Given the uncertainty regarding the validity of self-report
measures raised in Study 1, Studies 2 and 3 did not examine the relationship
between self-reported strategy use and either memory control beliefs or
executive attention.

5.3 Predictors of Strategy Use: Strategy Knowledge
Study 1 investigated whether changes in strategy knowledge could
account for the pattern of spontaneous strategy use identified in the aMCI group.
A link between strategy knowledge and strategy use was hypothesised on the
basis of a metacognitive model proposed by Borkowski, Carr, and Pressley
(1987), wherein developmental increases in strategy knowledge result in greater
strategy use and memory performance in children. In addition to this model,
logical reasoning prescribes that knowledge of a memory strategy (including
how to apply the strategy and how to identify situations in which it will be
relevant) is an important factor in strategy use. The hypothesised means by
which strategy knowledge could account for the deficient use of internal
memory strategies in aMCI are elaborated upon below.

5.3.1 Strategy knowledge in aMCI.
The semantic memory system consists of general knowledge that is
shared amongst individuals (in contrast to episodic memories which are
personally experienced; Tulving, 1972) and thus includes knowledge of memory
strategies. In accordance with the increasing number of studies identifying
semantic memory deficits in aMCI (as detailed in Chapter 1; Ahmed et al.,
2008; Alladi et al., 2006; Dudas et al., 2005; Estévez-González et al., 2004;
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Lonie et al., 2008; 2009; Murphy et al., 2006), it was hypothesised that access to
knowledge of memory strategies would also be reduced in this population.
Consistent with this hypothesis, the results of Study 1 indicated that strategy
knowledge was significantly lower in the aMCI group compared with the
control group. Although this appears to add to the body of research identifying
semantic memory impairment in aMCI, there were a number of aspects of the
task with which aMCI participants might have struggled, accounting for the
reduced performance. Strategy knowledge was measured by asking participants
to list memory strategies relevant to hypothetical scenarios, with the best
response scored for each item. The choice to score only the best response was
made to eliminate the possible impact of executive difficulties on generating,
and shifting attention between, multiple memory strategies. Despite eliminating
this factor, competent performance on the task still necessitated the existence of
intact semantic memory stores, adequate access to the information in these
stores, and recognition of the strategies that would be relevant and appropriate
to the scenarios. Therefore, it is unclear which of these aspects, either alone or
in combination, contributed to the poorer performance of the aMCI group.
Although it would be useful for future research to identify the underlying cause
of this reduction in strategy knowledge for theoretical purposes, it is not highly
relevant to the clinical application of these results, which was the main concern
of the current research. In everyday life, a combination of these components (i.e.
the ability to access and apply stored semantic knowledge) is considered a
prerequisite to the use of memory strategies (c.f., Borkowski et al., 1987).
Despite this being the first study to compare knowledge of memory
strategies between aMCI and typical aging, both Troyer, Murphy, Anderson,
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Moscovitch, and Craik (2008) and Kinsella et al. (2009) identified increases in
strategy knowledge following memory strategy training interventions for aMCI.
Encouragingly, their findings suggest that strategy knowledge is not fixed and
unamenable to intervention due to underlying pathological changes in aMCI.
Following on from this, if the reduction in strategy knowledge could account for
the reduction in semantic and subjective clustering in aMCI, increasing strategy
knowledge would provide a worthwhile target for cognitive interventions. To
determine whether increasing strategy knowledge could provide a viable means
for increasing strategy use and subsequently memory performance in aMCI, the
relationships between strategy knowledge, strategy use, and memory
performance were examined.

5.3.2 Relationships between strategy knowledge, strategy use, and memory
performance.
The relationships between strategy knowledge, strategy use, and memory
performance were addressed in two ways. As reported in Chapter 2, partial
correlations (controlling for age and education) were initially examined between
strategy knowledge and all measures of strategy use (self-reported and observed
internal and external strategy use). The measures of strategy knowledge and
strategy use were then included in hierarchical regressions predicting
retrospective and prospective memory performance for both aMCI and HOA
groups.
Although strategy knowledge was reduced in the aMCI group, it could
not account for the deficient levels of semantic or subjective clustering, as
strategy knowledge was not significantly correlated with any measure of
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strategy use (either self-reported or observed). The weak associations between
the measures of strategy knowledge and strategy use were also apparent for the
HOA group, confirming that the non-significant correlations in the aMCI group
were not simply due to factors associated with condition (e.g., an inability to
employ the strategy despite attempts to do so). Borkowski et al.’s (1987) model
specifies that increases in strategy use accompany increased strategy
knowledge; however this model was proposed from a developmental
perspective and may only be applicable to children who have a limited range of
memory strategies to choose from. In comparison, older adults are expected to
have attained knowledge of a wide range of memory strategies, and thus other
factors such as habit or preference may play a larger role in their selection and
use. Supporting this notion, Brigham and Pressley (1988) found that older adults
frequently reported basing their choice of memory strategy on familiarity and
ease of use.
The disconnection between strategy knowledge and strategy use
highlights a key issue for much of the pre-existing research into strategy training
interventions for aMCI. The majority of these studies have trained participants
in the use of memory strategies (thereby increasing strategy knowledge) and
examined pre- to post-intervention changes in memory performance. This
methodology relies on the assumption that increasing knowledge of memory
strategies will increase the use of these strategies and subsequently performance;
however, the current research suggests that this premise may be faulty. Studies
that have directly examined both strategy knowledge and strategy use before
and after strategy training have provided additional support for this
disconnection in both typical aging and aMCI. Troyer (2001) identified a large
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increase in strategy knowledge after memory strategy training for healthy older
adults but did not find any corresponding increase in strategy use. Likewise,
despite both Kinsella et al. (2009) and Troyer et al. (2008) finding significant
and maintained increases in strategy knowledge following intervention, the
findings regarding strategy use and memory performance where inconsistent.
Troyer et al. (2008) documented a sustained increase in self-reported strategy
use but no improvement on retrospective memory tasks, while Kinsella et al.
found only a short-term increase in self-reported strategy use but sustained
improvements on prospective memory tasks. The results of the current study, in
the context of the pre-existing literature, therefore highlight the need to
distinguish between strategy knowledge and strategy use and to directly
examine the relationship between these factors in order to understand what is
causing treatment effects in intervention studies. It may be that although
increasing strategy knowledge does not result in increased strategy use,
interventions that train memory strategies may still impact on strategy use by
altering perceptions of the familiarity and ease of use of trained strategies.
Despite strategy knowledge being only weakly related to all measures of
strategy use, it was found to be a significant predictor of delayed recall on the
word-list task for the aMCI group but not for the HOA group. This suggests that
a reduced ability to access semantic knowledge or to utilise semantic knowledge
in a problem-solving scenario has an impact on the ability to encode and recall
new information, independent of its effect on semantic clustering. A clue as to
why these factors might be associated in the aMCI, but not the HOA group,
stems from research into the accessibility of knowledge or information.
Empirical research has indicated that items of information differ in terms of
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their accessibility, with more typical exemplars of categories being more
accessible than less typical examples (Bjorklund, Thompson, & Orstein, 1983;
Rosch, 1973). Furthermore, accessibility has been found to impact on memory
performance, with typical items on categorical lists being recalled more often
than atypical examples (Bjorklund, 1988; Rabinowitz, 1984). In accordance
with this research, it is possible that the semantic memory deficits in aMCI
result in reduced accessibility to the items in the word-list, which in turn impairs
recall. In a related vein, the semantic memory deficits associated with aMCI
(and as suggested by the poorer performance on the strategy knowledge task)
might impair the ability to link items in the list with information retained in
semantic memory stores, reducing deep encoding of the information and
subsequently reducing recall (Craik & Lockhart, 1972).
Although strategy knowledge was related to retrospective memory
performance for the aMCI group, it was not a significant predictor of
prospective memory performance for either the aMCI or HOA groups. Further
investigation is needed to determine whether this result reflects a differential
relationship between strategy knowledge and retrospective or prospective
memory, or is an artefact of task characteristics (e.g., the ability to use external
memory strategies on the CAMPROMPT).

5.3.3 Summary.
Despite finding that access to strategy knowledge was reduced in the
aMCI group as compared with the HOA group, there was no evidence to suggest
that this reduced level of strategy knowledge could account for the deficient use
of observed internal memory strategies. Furthermore, the weak correlations
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between strategy knowledge and memory strategy use (in both the HOA and
aMCI samples) suggest that increasing strategy knowledge will not necessarily
result in an increase in strategy use as assumed by many previous intervention
studies – strategy knowledge does not necessarily generalise to strategy use in
specific situations. Although having important implications for the development
of cognitive interventions, the lack of a relationship between strategy knowledge
and strategy use does not preclude the possibility that strategy training will have
a beneficial influence on strategy use and memory performance by other means,
for example, by increasing familiarity with the memory strategies and altering
perceptions about the utility of memory strategies to improve performance.

5.4 Predictors of Strategy Use: Memory Control Beliefs
In light of the weak relationship between strategy knowledge and
strategy use, Study 2 investigated beliefs regarding the controllability of
memory as a possible predictor of strategy use and, more specifically, as an
explanation for the differential reduction in the use of internal memory
strategies in aMCI. As outlined in Chapter 1, Miller and Lachman’s (1999;
2000) model of memory control beliefs suggests that declines in control beliefs
result in reduced application of effort to memory tasks, reduced strategy use,
and increased anxiety, which in turn reduces memory performance and
subsequently reinforces the lowered control beliefs. This model provides a
framework for understanding how strategy use might be reduced in aMCI, given
the hypothesised impact of repeated experiences of memory failure on control
beliefs and the subsequent impact on strategy use. Additionally, the stipulated
impact of reduced control beliefs on effort could account for a decrease in the
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use of effortful and cognitively demanding internal memory strategies, despite
maintained use of less effortful strategies (e.g., external memory strategies).

5.4.1 Memory control beliefs in aMCI.
In line with the hypothesised application of Miller and Lachman’s (1999;
2000) model to aMCI, memory control beliefs were reduced in the aMCI group
in comparison with the HOA group. This difference was upheld when beliefs
regarding memory ability were removed from the controllability measure,
verifying that the finding was not simply an artefact of the aMCI group
accurately judging their memory as poorer than the HOA group. As this is the
first study to compare memory control beliefs between aMCI and typical aging
it is unclear which of two possible interpretations of this result is correct. Firstly,
the lower control beliefs could reflect an accurate appraisal of the reduced level
of control individuals with aMCI have over their memory due to pathological
factors underlying the condition. Secondly, perceptions of control may be
negatively influenced by stereotypes or perceptions of dementia and AD, and
thirdly, these two factors may have a synergistic effect on lowering control
beliefs.
The impact of a label of aMCI on a person’s perceptions and
psychosocial functioning has received very little attention to date. Furthermore,
findings from other medical conditions cannot necessarily be generalised to
aMCI because of the unique nature of the condition, specifically, the
heterogeneity in symptoms and outcomes associated with aMCI. The few
studies that have examined psychosocial reactions to a diagnosis of AD or aMCI
have generally documented negative responses that could plausibly impact on
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beliefs. Indeed, Corner and Bond (2006) found that individuals diagnosed with
early-stage dementia, their carers, and an independent healthy older adult
sample all associated a diagnosis of dementia with a loss of control (amongst
other negative attributes). Similarly, Banningh, Vernooij-Dassen, Rikkert, and
Teunisse (2008) interviewed eight individuals shortly after being informed that
they had aMCI and found that participants could only identify negative
consequences and emotions associated with the condition, including: anxiety,
shame, rejection, and a loss of self-confidence. Clearly, these reactions could
lead to reduced control beliefs and as suggested by Sabat (2006), ultimately to a
state of learned helplessness. Some researchers have argued that beyond
negative reactions and emotions, a label of aMCI may damage peoples’ selfconcepts and therefore, the benefits of having a specific label must be carefully
weighed against the possible harmful consequences (Corner & Bond; Petersen et
al., 2001). Clearly, this is an important area for future research to investigate,
both to understand the decrease in memory control beliefs in aMCI and to
protect the welfare of people with emerging memory difficulties.
Encouragingly, Rapp, Brenes, and Marsh (2002) demonstrated that memory
control beliefs could be improved in a sample of individuals with aMCI (via
cognitive restructuring techniques), highlighting a possible avenue for
psychological interventions.

5.4.2 Relationships between control beliefs, semantic clustering, and
memory performance.
Given the lower memory control beliefs endorsed by the aMCI group,
the relationships between control beliefs, internal strategy use (semantic
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clustering), and memory performance (immediate recall) were examined by path
analysis to determine whether this decrease could account for the consistent
findings of reduced semantic clustering by persons with aMCI. The background
variables of age and education were included in the path analysis and will be
discussed briefly given the note-worthy differences that emerged for the aMCI
and HOA groups. For the HOA group, age had a moderate, negative association
with both control beliefs and memory performance (although not reaching
statistical significance), and a significant, negative association with semantic
clustering, wherein semantic clustering decreased with increasing age. While
age-related changes in all of these factors have previously been identified in the
literature (Hultsch, Hertzog, & Dixon, 1987; Jopp & Hertzog, 2007; Lachman,
1991; Sanders et al., 1980), most research has compared young and older adult
samples, and therefore it is of note that these associations emerged even with a
more restricted age range. The negative correlation between age and semantic
clustering is consistent with Anderson and Craik’s (2000) theory that internal
memory strategies become more difficult in older age due to a decrease in the
effortful self-initiated processes necessary to support their use. Using self-report
measures, Bouazzaoui et al. (2010) reported that this decline in internal strategy
use tends to emerge from approximately 60 years of age and thus it is
unsurprising it was identified in the current sample. In contrast to the HOA
group, age was not significantly related to control beliefs, semantic clustering,
or memory performance for the aMCI group, with effect sizes ranging from
negligible to small. This different pattern of results may be due to the overriding
effects of condition-related factors (e.g., underlying neuropathology), which
occur independently of age.
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Similarly to age, group differences emerged regarding the impact of
education on both memory control beliefs and memory performance. Education
was significantly and positively related to memory control beliefs for the HOA
group, consistent with previous research that has identified an association
between education and beliefs regarding the controllability of memory
(Lachman & Andreoletti, 2006) and other lifestyle domains (e.g., health and
work; Lachman & Weaver, 1998). This relationship has been suggested to
reflect either a tendency for individuals with greater control beliefs to pursue
further education, or the increased opportunity that individuals with greater
educational backgrounds have to exert control and develop stronger control
beliefs (Gurin & Brim, 1984; Lachman & Weaver, 1998). Again in contrast to
the HOA group, the aMCI group did not demonstrate a significant correlation
between education and control beliefs, but did show a significant and positive
association between education and memory performance, with those with more
years of education recalling more words on the CVLT-II. This finding can be
interpreted as support for Stern’s (2002; 2009) theory of cognitive reserve,
which stipulates that despite similar degrees of neuropathology, individual
differences in the neural networks or cognitive processes employed to
compensate for this pathology (conferred by lifetime experiences such as level
of education) result in different cognitive presentations or levels of performance
on cognitive tasks.
As noted in Chapter 1, a number of healthy older adults demonstrate AD
pathology at death and indeed, the Neuropathology Group of the Medical
Research Council Cognitive Function and Ageing Study (2001) found that 30 to
60% of non-demented older adults had moderate to severe levels of AD
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pathology at post-mortem examination. Similarly, Davis, Schmitt, Wekstein,
and Markesbery (1999) found that many of their 59 elderly participants had
abundant neurofibrillary tangles or senile plaques at autopsy, despite performing
normally on neuropsychological testing. Stern (2002) has suggested that this
separation of pathology and clinical presentation occurs because of cognitive
reserve (the degree to which the brain can actively cope with the
neuropathology). Empirical research on this theory has commonly used
education as a proxy for cognitive reserve (Stern, 2009), given the reduced risk
for dementia and slower age-related memory declines associated with a higher
education (Stern et al., 1994; Valenzuela & Sachdev, 2006). In line with Stern’s
theory, the positive relationship between education and memory performance
for the aMCI group in Study 2 could reflect an increase in the ability to cope
with the pathology causing the memory difficulties by those with greater
cognitive reserve. Supporting this interpretation, Bennett et al. (2003) found a
similar association in an AD sample; when the extent of neuropathology was
held constant, each year of education was associated with an increase in
cognitive function. An alternative and equally plausible explanation for the
association between education and memory performance is that those with a
higher level of education seek investigation for memory complaints at an earlier
stage than those with a limited educational background, when memory is less
impaired.
Although the inclusion of the background variables in the path analysis
produced interesting and informative results regarding aMCI, the primary aim of
Study 2 was to investigate the relationship between memory control beliefs,
strategy use, and memory performance. Examination of the relationships
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between this triad of variables revealed striking group differences. The HOA
group produced the expected pattern of results on the basis of previous research
(Hertzog, McGuire, & Lineweaver, 1998; Lachman, Andreoletti, & Pearman,
2006; Riggs, Lachman, & Wingfield, 1997), with positive associations of a
small to medium effect size between memory control beliefs and both semantic
clustering and memory performance, and a significant and large relationship
between semantic clustering and memory performance (as found in Study 1).
Furthermore, semantic clustering was a partial mediator of the relationship
between control beliefs and memory performance. This is consistent with the
results of Lachman and Andreoletti (2006), who conducted the only other study
to statistically examine the meditational effect of semantic clustering. Although
the direct effect of control beliefs on memory performance was relatively weak,
as documented by other research (Lachman, Steinberg, & Trotter, 1987; Hertzog
et al., 1998; Windsor & Anstey, 2008), the strong association between strategy
use and memory performance suggests that even small increases in beliefs
regarding control over memory may result in clinically significant increases in
memory performance.
The hypothesised pattern of relationships, which was upheld in the HOA
group, was not replicated in the aMCI group. In fact, control beliefs were
negatively, albeit non-significantly, related to strategy use (such that participants
reporting greater control over their memory were less likely to use semantic
clustering), and were unrelated to memory performance. Heterogeneous levels
of awareness in the aMCI group could account for this lack of a discernable
pattern of results. For example, participants with intact awareness of their
memory difficulties might report lower control over their memory but attempt to
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use strategies to compensate for their memory difficulties, while persons with
impaired awareness might believe that they have adequate control over their
memory and fail to see the need for memory strategies. Clearly, greater
examination of the impact of awareness on these factors is necessary to
determine whether this can account for the disruption of the typical pattern of
results in the aMCI group. The weak relationship between control beliefs and
strategy use for the aMCI group could also be accounted for by Beaudoin and
Desrichard’s (2011) proposition that control beliefs only impact on effort (and
thus effortful strategies such as semantic clustering) when the application of
effort is considered useful. In keeping with this theory, the aMCI participants
might have perceived the word-list task as too difficult and therefore the
expenditure of effort necessary to employ the semantic clustering strategy as not
being worthwhile.
The results of Study 2 do not provide strong evidence that increasing the
memory control beliefs held by individuals with aMCI will result in a direct
increase in strategy use. It is not possible, however, to discount the positive
effect that manipulation of control beliefs may have on memory performance
through mediators other than strategy use. For example, Hess, Auman,
Colcombe, and Rahhal (2003) have argued that high control beliefs may
mitigate the negative effects of stereotype threat on memory performance.
Stereotype threat involves non-adaptive changes to behaviour when an
individual is placed in a situation where they could confirm the stereotype, and
affects cognitive performance by raising anxiety, lowering motivation, or
diverting processing resources (Hess, Emery, & Queen, 2009; Steele, 1997;
Steele & Aronson, 1995). Demonstrating the effect of stereotype threat on
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memory, Rahhal, Hasher, and Colcombe (2001) found that younger adults
outperformed older adults on a memory test when the memory component of the
task was emphasised, but the two age groups performed equivalently when the
memory component was de-emphasised. Similarly, Hess et al. found that
stereotype threat (induced by reports describing poorer memory performance in
certain age groups) negatively affected recall for an older, but not a younger,
adult group and that the greatest threat was evident for those who strongly
identified with the stereotyped domain. It is therefore possible that a label of
aMCI might induce significant stereotype threat in situations that place a focus
on memory performance, particularly given that Hess et al. found evidence of
stereotype threat even when the stereotype was not explicitly activated. It
follows that stereotype threat could have a large impact on memory performance
for individuals with aMCI and therefore increasing control beliefs could
improve memory performance by reducing or eliminating this threat.
Additionally, Hess et al.’s finding that stereotype threat significantly affected
strategy use, suggests that eliminating threat may also indirectly increase the use
of memory strategies.
In addition to the possibility that memory control beliefs may impact on
memory performance by inhibiting the effect of stereotype threat, it has been
argued that control beliefs might determine the efficacy of interventions.
Lachman, Bandura, Weaver, and Elliott (1995) claimed that individuals must
perceive an issue as controllable before they will take steps to manage the issue,
and Borkowski, Carr, Rellinger, and Pressley (1990) similarly contended that an
individual’s motivational state (including their beliefs) will determine whether
new memory strategies are acquired and how these are generalised. In
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accordance with these notions, Lachman et al. (2006) found that preintervention control beliefs significantly predicted both improvements in
strategy use and memory performance post-intervention. It is possible that these
findings might extend to determining how effectively individuals transfer
strategies taught in interventions to their everyday lives and the duration for
which they continue to apply strategies post-intervention. Nevertheless, these
propositions require investigation in aMCI, given the disruption of the typical
pattern of relationships between control beliefs, strategy use, and memory
performance discovered in Study 2.

5.4.3 Summary.
Although the aMCI groups’ lower beliefs in the controllability of
memory were predicted, the accuracy and clinical implications of these beliefs
remain unclear. It is possible that this reduction in control beliefs is at least
partly due to negative perceptions and stereotypes of dementia, in which case
manipulating control beliefs through psychological intervention might provide a
useful means for improving self-concept and quality of life for persons with
aMCI. There was little evidence to suggest, however, that memory control
beliefs have a strong direct influence on strategy use (semantic clustering) or
memory performance in aMCI. It is highly unlikely therefore, that the reduction
in control beliefs could account for the findings of deficient internal strategy use
in this population. In this regard, the last of the three studies examined whether
changes in cognitive functioning (specifically executive attention) could account
for the pattern of strategy use in aMCI.
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5.5 Predictors of Strategy Use: Executive Attention
Executive attention was considered as a possible candidate to explain the
differential impairment in internal as opposed to external memory strategy use
in aMCI, given that deficits in executive attention have been increasingly
identified in aMCI (Brandt et al., 2009; Crowell, Luis, Vanderploeg, Schinka, &
Mullan, 2002; Kramer et al., 2006; Tales, Haworth, Nelson, Snowden, &
Wilcock, 2005; Tales, Snowden, Haworth, & Wilcock, 2005), and a link
between executive attention and use of internal memory strategies has both been
theorised and demonstrated in non-clinical samples (Bryan, Luszcz, & Pointer,
1999; Moscovitch & Winocur, 1992; Taconnat, Clarys, Vanneste, Bouazzaoui,
& Isingrini, 2007). Moscovitch and Winocur’s (1992) working with memory
model stipulates that the core feature of encoding strategies is the allocation of
attention in order to select and organise relevant information to provide
adequate cues at retrieval. As external memory strategies automatically provide
retrieval cues, it follows that their use will not rely as heavily on intact executive
attention skills. Individuals with executive attention deficits may therefore
struggle to use internal memory strategies, while able to sufficiently employ
external strategies. On this background, Study 3 aimed to investigate whether
executive attention was impaired in the aMCI group and whether this could
account for the reduction in semantic clustering identified across the studies.

5.5.1 Executive attention in aMCI.
In accordance with the literature outlined in Chapter 1 and the study’s
hypotheses, the aMCI group demonstrated reduced performance on an executive
attention index in comparison with the HOA group. Examination of the
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individual measures comprising this index (measures of selective attention,
divided attention, and set-shifting) revealed that the aMCI group’s performances
on all of the measures were significantly impaired in comparison with the HOA
group, with the exception of letter fluency. This is consistent with research into
AD, where letter fluency has been shown to be relatively less impaired than
semantic fluency, despite non-clinical and other cognitively impaired samples
showing either the opposite pattern of impairment or equal impairment across
the two tasks (Monsch et al., 1994; Murphy et al., 2006; Strauss, Sherman, &
Spreen, 2006).
As detailed in Chapter 1, the finding of reduced performances on
executive attention tasks is not novel in aMCI. Indeed, many studies have
identified deficits in executive attention, even when samples have been strictly
limited to individuals classified as single-domain aMCI (where deficits are
supposedly restricted to memory; Brandt et al., 2009, Crowell et al., 2002;
Kramer et al., 2006; Levinoff, Saumier & Chertkow, 2005; Okonkwo, Wadley,
Ball, Vance, & Crowe, 2008; Perry & Hodges, 2003; Tales, Haworth et al.,
2005; Tales, Snowden et al., 2005). This high occurrence of subclinical levels of
impairment across cognitive domains other than memory has led some
researchers to argue that single-domain aMCI is either extremely rare or is not a
useful conception (Crowell et al., 2002; Kramer et al., 2006). An alternative way
of conceptualising aMCI (which allows for various levels of impairment across
a range of cognitive domains) is to consider aMCI on a continuum with AD,
with relatively circumscribed deficits in memory emerging early and deficits
extending across multiple cognitive domains as individuals near a diagnosis of
AD. Conceiving of aMCI in this way, it is not surprising that impairments in
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executive attention emerge, given that executive dysfunction has been
implicated as a prominent feature of AD (Baddeley, Bressi, Della Sala, Logie, &
Spinnler, 1991), and that deficits in executive attention commonly follow the
cardinal episodic memory deficit (Binetti et al., 1996; Lafleche & Albert, 1995).

5.5.2 Executive attention as a predictor of internal and external strategy
use.
To determine whether the executive attention deficit identified in the
aMCI group could account for the deficient use of the semantic clustering
strategy, regressions were conducted with executive attention predicting internal
and external strategy use (controlling for the effects of age and education). It
was hypothesised that performance on the executive attention index would
predict internal, but not external, strategy use for both aMCI and HOA groups.
This hypothesis was based on Moscovitch and Winocur’s (1992) theoretical
model of memory, empirical findings of a relationship between executive
attention and internal strategy use (Anderson & Craik, 2000; Buckner, 2004;
Craik, 1986), and logical consideration of the cognitive abilities necessary to
apply the semantic clustering strategy. For example, in order to cluster words by
semantic categories, individuals must be able to focus their attention on the task
at hand, selectively attend to the attributes of items that are relevant for
clustering, and shift attention between sorting items into their various categories
and attending to the items still being presented.
Although these hypotheses were supported by the results of Study 3,
with executive attention significantly predicting semantic clustering on the
CVLT-II but not note taking on the CAMPROMPT for both groups, the
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executive attention index accounted for only a small proportion of the variance
in semantic clustering for the aMCI group. Furthermore, none of the partial
correlations between individual measures of executive attention and semantic
clustering (controlling for age and education) were significant for the aMCI
group. This is consistent with the only other study conducted in the area; Price
et al. (2010) found that only category verbal fluency, and not other measures of
executive attention, was significantly associated with semantic clustering in an
aMCI group. Although this association between category fluency and semantic
clustering was not evident in Study 3, Price et al. examined raw correlations
between the variables (without controlling for the effects of age and education),
possibly enabling category fluency to account for more of the variance in
clustering and emerge as a significant predictor. Overall, the results suggest that
the significant value of executive attention as a predictor of semantic clustering
in Study 3 stemmed from the use of a composite measure, which was able to
capture small contributions from multiple measures of executive attention in
order to produce a significant result. In light of this finding, and the small effect
size identified, the clinical significance of the results is unclear and requires
further investigation.
One explanation for the relatively small effect size in Study 3 is the use
of executive attention measures without considering broader executive
functioning skills. Executive functions are cognitive skills that are necessary for
goal-directed behaviour, which as well as executive attention includes the ability
to plan, monitor, and control behaviour (Lezak, Howieson, & Loring, 2004). A
number of researchers have theorised that executive functions (including
executive attention) underlie both the generation of memory strategies and the

251
control necessary to monitor memory functioning (Gershberg & Shimamura,
1995; Taconnat et al., 2007; Taconnat et al., 2009). Consistent with these
theories, much of the research into strategy use in healthy aging has focused on
the relationship between executive functioning and strategy use, rather than the
more specific role of executive attention in strategy use. Although there is
overlap in terms of the rudimentary cognitive operations involved (e.g. all
demand basic attentional skills to be intact), executive skills can be
distinguished from one another and may account for different aspects of the
variance in strategy use (Parkin & Walter, 1992). For example, Taconnat et al.
(2007) found that perseverative errors on the Wisconsin Card Sorting Test (a
commonly used measure of executive function that reflects the ability to
discontinue using a strategy that is no longer relevant), accounted for
approximately 44% of the age-related variance in strategic retrieval between
younger and older adult groups, and approximately 50% of the variance in
strategic retrieval within the older group alone. This suggests that executive
skills other than executive attention may be important for understanding internal
strategy use in aMCI and warrant further investigation. Consideration of the role
of various executive functions in strategy use will help to identify the strategies
that individuals with executive deficits are still able to use competently and
those that will be more difficult to use.
Providing preliminary evidence of a distinction between the role of
executive attention in internal as compared with external memory strategies,
performance on the executive attention index did not predict external strategy
use (note taking on the CAMPROMPT) for either the HOA or the aMCI group
in Study 3. This outcome was hypothesised on the basis of Moscovitch and
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Winocur’s (1992) memory model, which prescribes that the role of attention
allocation is to provide cues for memory retrieval, and the fact that external
memory strategies eliminate this need to generate retrieval cues. This distinction
between the role of executive attention in internal as compared with external
memory strategy use has been indirectly demonstrated by Bouazzaoui et al.
(2010) who found that the self-reported internal but not external strategy use of
healthy older adults was significantly associated with a composite measure of
executive functioning (including measures of executive attention). This is the
first study, however, to directly investigate the relationship (or lack thereof)
between executive attention and external strategy use using objective measures
in either healthy adults or aMCI. The negligible association between these two
variables suggests that persons with aMCI who demonstrate deficits in executive
attention will still be able to employ external memory strategies successfully,
even if struggling to use internal memory strategies. This is in agreement with
reports indicating that individuals with AD are able to adequately employ
external memory strategies to improve their everyday functioning (Oriani et al.,
2003).

5.5.3 Summary.
In summary, Study 3 identified impairments in executive attention in the
aMCI group compared with the HOA group, and found that executive attention
was a significant predictor of internal, but not of external, memory strategy use.
Nevertheless, the composite measure of executive attention only accounted for a
small proportion of the variance in semantic clustering and therefore the clinical
implications of this finding are unclear and warrant further investigation. It is
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possible that other executive functions (such as planning, inhibition, and
cognitive flexibility) may play a greater role in determining internal strategy use
and that impairment of these functions will prevent individuals with aMCI from
efficiently employing certain internal memory strategies. The lack of a
relationship between executive attention and external strategy use, however,
implies that even individuals with executive attention deficits will be able to
employ external memory strategies, as also suggested by the literature on
strategy use in AD (Oriani et al., 2003).

5.6 Clinical and Theoretical Implications of the Current Research
The current research was conducted with a view to inform the
development of more targeted cognitive interventions for aMCI. In this regard, a
number of important clinical implications emerged from the results of the
studies presented in Chapters 2, 3, and 4. Firstly, although the pattern of strategy
use (across observed and self-reported internal and external strategy measures)
has not previously been comprehensively examined in aMCI, this information is
useful for understanding strategy use in aMCI and how it can best be targeted
through cognitive intervention. Most importantly, using objective measures of
strategy use, the current research identified a clear distinction between the
spontaneous application of internal memory strategies (semantic and subjective
clustering) by aMCI and HOA groups, although spontaneous use of an external
strategy (note taking) was equivalent between the groups. The deficient use of
internal strategies has previously been demonstrated by a number of studies
examining semantic clustering in aMCI (Perri et al., 2005; Price et al., 2010;
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Ribeiro et al., 2007), however this is the first study to examine external strategy
use in aMCI.
These findings, of a discrepancy between internal and external strategy
use, suggest that individuals with aMCI have an intact ability to employ external
memory strategies, and therefore these strategies may be easier to encourage
through cognitive intervention, and may provide a simpler means of
accommodating for memory difficulties in everyday life. Indeed, research into
healthy aging provides evidence for an age-related increase in the use of
external memory strategies (Bouazzaoui et al., 2010; Devolder & Pressley,
1992; Dixon & de Frias, 2007; Fort et al., 2004), presumably to accommodate
for typical age-related declines in memory, suggesting that increasing the
external strategy use of individuals with aMCI may provide a feasible means for
improving everyday memory performance. This is of particular relevance, given
that external strategy use in the current study was equivalent between the two
groups and not higher in the aMCI group, as would be expected if this group
were attempting to accommodate for their memory difficulties. Furthermore,
external strategy use was not at ceiling in the aMCI group, with approximately
half of the group not employing the note taking strategy, highlighting the scope
for intervention. It is necessary, however, to ascertain external strategy use in
everyday life in order to determine the strategies that are not being used by
participants and may be targeted in interventions. While the current research
identified a reduction in the use of internal memory strategies in aMCI, creating
an argument for targeting these strategies in interventions, understanding the
underlying cause of this reduction is necessary to determine whether increasing
internal strategy use is viable in this population.
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In the quest to determine the underlying cause of the reduction in
internal strategy use in aMCI, a number of results stood out as relevant to future
intervention designs. In particular, strategy knowledge was not found to predict
either internal or external strategy use in either the aMCI group or the control
group. This disconnection between strategy knowledge and strategy use has
significant implications for much of the previous literature on cognitive
interventions in aMCI, which rests on the assumption that an increase in strategy
knowledge (through strategy training) will result in an increase in strategy use
and subsequently memory performance. This is not to say that strategy training
will not increase strategy use by other means (e.g., by increasing familiarity
with the strategy or changing perceptions about how easy it is to use), but it does
warn that a greater understanding is needed regarding the processes involved in
increasing strategy use in order to develop more targeted cognitive
interventions.
The current research also provided evidence that although control beliefs
are reduced in aMCI, these beliefs do not have a large direct effect on internal
strategy use or memory performance, and thus manipulating these beliefs
through intervention is not likely to eliminate the deficient internal strategy use
in this population. Nevertheless, control beliefs may be relevant to an
individual’s ability to cope with the label of aMCI, as well as maintain a
positive self-concept and satisfactory quality of life, and therefore may warrant
inclusion in interventions from a psychological perspective. This is yet to be
demonstrated empirically, however.
The last factor examined as a possible explanation for the reduction in
internal strategy use in aMCI (and therefore as a means to improving strategy
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use in interventions) was changes in executive attention. Although executive
attention was significantly related to semantic clustering, it could only account
for a small proportion of the variance in use of this strategy in the aMCI group
and therefore does not appear to provide an optimum target for interventions. It
does suggest however, that persons with executive attention difficulties may
struggle more with internal memory strategies as opposed to external memory
strategies, and will therefore benefit from interventions focusing on external
memory strategies.
Although the current research has clearly provided important
information regarding factors that are unlikely to be useful for increasing
strategy use in aMCI, much more research is needed on this largely overlooked
topic in order to ensure that persons with aMCI are being provided with the
most efficacious interventions possible. In particular, research on other factors
that might explain the pattern of strategy use in this population is required. One
such factor that continuously emerged as a possible explanation for both the
reduction in strategy use and the disrupted relationships between the
investigated predictors and strategy use in the aMCI group was impaired levels
of awareness. Although awareness of memory ability has received some
attention in aMCI, its relationship to memory strategy use has not been
investigated. Moreover, awareness of strategy use (rather than memory ability)
has not received any attention although this information is critical to
understanding whether self-report measures can provide a valid indication of
everyday strategy use in aMCI. Further emphasising the need to investigate
awareness in this population is preliminary evidence linking level of awareness
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to the outcome of cognitive rehabilitation (Clare, Wilson, Carter, Roth, &
Hodges, 2004; Koltai, Welsh-Bohmer, & Schmechel, 2001).
In addition to the implications for the development of cognitive
interventions (as described above), the current research has implications for the
characterisation of aMCI. Although aMCI is typically characterised by deficits
in episodic memory, impairment across other aspects of memory and other
cognitive domains (i.e., executive attention) were also identified in the current
research. For example, in Study 1, aMCI participants demonstrated difficulty
accessing and applying semantic knowledge to hypothetical memory scenarios.
This finding, in conjunction with previous studies identifying reduced
performances on other tests of semantic memory (e.g., semantic verbal fluency
and naming tasks, Ahmed et al., 2008; Alladi et al., 2006; Dudas et al., 2005;
Estévez-González et al., 2004; Lonie et al., 2008; Lonie et al., 2009; Murphy et
al., 2006), suggests that the episodic memory deficit in aMCI is frequently
accompanied by a semantic memory deficit. Impairment in semantic memory
could contribute to the findings of reduced new learning and recall in aMCI,
given that access to semantic knowledge allows a deeper level of encoding to
occur (Craik & Lockhart, 1972). This close interconnection of the episodic and
semantic memory systems has previously been described by Tulving (1987),
and is relevant to understanding the memory deficit in aMCI.
An alternative interpretation of the aMCI group’s reduced performance
on the strategy knowledge task in Study 1 is that the aMCI participants
performed poorly due to a reduced ability to plan and select the appropriate
memory strategies for the various scenarios as a result of executive function
deficits. This interpretation is plausible in the context of the reduction in
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executive attention identified in Study 3, and the many studies that have
identified evidence of executive dysfunction in both single- and multipledomain aMCI (Brandt et al., 2009, Crowell et al., 2002; Kramer et al., 2006;
Levinoff et al., 2005; Okonkwo et al., 2008; Perry & Hodges, 2003; Tales,
Haworth et al., 2005; Tales, Snowden et al., 2005). The extension of the
characterisation of aMCI beyond a selective deficit in episodic memory raises
questions about the appropriateness of dividing aMCI into subtypes rather than
conceptualising the condition on a continuum from relatively isolated deficits in
memory to more widespread cognitive deficits that eventually reach criteria for
a diagnosis of AD.
Finally, the reduction in control beliefs in aMCI identified in Study 2,
although restricted to beliefs regarding control over memory, highlights the fact
that aMCI cannot be conceptualised as a purely cognitive disorder. Few studies
have examined the psychosocial implications of a label of aMCI and therefore
this aspect of the condition requires further investigation and management in
interventions in order to improve the quality of life and socio-emotional
functioning of affected individuals. The need to consider psychosocial aspects
of aMCI is further emphasised by research documenting a common occurrence
of depression and mood disturbance in aMCI (Hwang, Masterman, Ortiz,
Fairbanks, & Cummings, 2004; Lyketsos et al., 2002), particularly given the
recognised impact that depression can have on both control beliefs (Lachman et
al., 1995) and cognitive functioning (e.g., Taconnat et al., 2010).
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5.7 Strengths and Limitations of the Current Research and Directions for
Future Research
As detailed above, the current research reported a number of significant
findings that have important implications both for future research into strategy
use in aMCI and the development of cognitive interventions. Given the
extremely limited pre-existing literature in the area, however, the findings have
also raised a number of questions that require addressing in future research in
order to further advance the development of cognitive interventions for this
population.
The addition of the current research to the previous studies
investigating semantic clustering in aMCI provides strong evidence for the
deficient use of this memory strategy. It remains unclear, however, whether
these findings reflect decreased attempts to employ this memory strategy or a
reduced ability to successfully apply the strategy despite attempts to do so. This
has been raised as an important issue to consider in memory strategy research in
healthy aging (Gershberg & Shimamura, 1995) and has obvious consequences
for intervention designs and the interpretation of the current results. For
example, it is possible that the weak relationship between control beliefs and
semantic clustering for the aMCI group in Study 2 stemmed from an inability to
apply the strategy despite sufficient motivation to use it (based on beliefs that
using the strategy would improve memory performance). Asking participants to
self-report their use of memory strategies immediately after completing the
memory tasks could have provided further insight into this question (as well as a
greater understanding of the level of awareness of strategy use) but was avoided
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due to the impact it may have had on behaviour and performance on the
remaining memory tasks.
Further, the possible existence of a production deficiency in aMCI
(whereby differences in the ability to produce appropriate learning strategies
account for the variation in memory performance; Kausler, 1994) could have
been explored by comparing strategy use between conditions varying in the
instructions given regarding strategy use (e.g., from no instructions to explicit
instructions regarding the best strategy to use). Research employing this
technique would also help to determine whether the differences in strategy use
found on the CVLT-II and the CAMPROMPT in the current research were a
product of task differences (and particularly differences in instructions) or
reflect actual differences in the ability to use internal and external memory
strategies in aMCI. Although comparing strategy use on two different memory
tasks was a limitation of the current study, this was deemed necessary given the
shortage of standardised memory tests that allow for the use of both internal and
external memory strategies.
Despite using different memory tasks to investigate internal and external
strategy use, one of the major strengths of the current research was the use of
multiple measures of strategy use. This is the first research to compare observed
use of both an internal strategy other than semantic clustering (subjective
clustering) and an external strategy (note taking) between aMCI and typical
aging. Furthermore, no previous research has compared self-reported use of
memory strategies between a carefully classified aMCI group and healthy older
adults. The current research therefore makes a significant contribution in
extending knowledge in this area, although additional research is necessary to
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determine whether these findings can be generalised across other memory
strategies or are specific to the measures employed in the current research.
In a similar vein, although a broad distinction was drawn between
internal and external memory strategies in the current research (as employed by
the majority of the literature on memory strategy use in non-clinical samples), it
might be that distinguishing between memory strategies on the basis of
cognitive rehabilitation approach is more beneficial in a clinical sample such as
aMCI. As outlined in Chapter 1, memory strategies can be classified on the
basis of three cognitive rehabilitation approaches: maximisation of residual
function, substitution of impaired functions, and external compensation. While
memory strategies aligned with the maximisation of residual function approach,
and the substitution of impaired function approach, are considered to be internal
memory strategies, it may be that persons with aMCI have difficulty using the
former but not the latter. For example, Akhtar et al. (2006) have demonstrated
that individuals with aMCI can benefit from using an errorless learning strategy,
which relies on the intact implicit memory system. In addition to the type of
memory strategies employed, the ability to generalise efficient memory
strategies to a range of scenarios is an important topic that has not been
investigated in aMCI. This is particularly relevant to strategy training
interventions given that taught strategies must be generalised to everyday
memory tasks in order to have a meaningful impact on functioning.
Furthermore, this generalisation of trained strategies has often been absent in
intervention studies with non-clinical samples (Dixon, Rust, Feltmate, & See,
2007; Troyer, 2001; Verhaeghen, Marcoen, & Goossens, 1992).
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5.8 Conclusions
In conclusion, the current research identified a selective reduction in the
observed use of two internal memory strategies (semantic and subjective
clustering) despite retained use of an external strategy (note taking) in aMCI
groups as compared with HOA groups. In contrast, self-reported use of both
internal and external memory strategies was equivalent between the groups,
raising queries about the validity of self-report measures for this population.
Although both strategy knowledge and memory control beliefs were also
reduced in the aMCI groups, these factors could not account for the deficient use
of internal memory strategies. In contrast, performance on a composite measure
of executive attention was both reduced in the aMCI group and significantly
related to semantic clustering, however, this factor only predicted a small
proportion of the variance in use of this strategy. These findings provide a
significant contribution to the literature on memory strategy use in aMCI by
investigating a range of memory strategies and possible predictors of strategy
use. The results indicate, however, that other factors must contribute to strategy
use in aMCI and warrant consideration in future research. This information is
critical to the development of targeted cognitive interventions for aMCI in order
to improve both independence in daily functioning and quality of life for those
who are affected.
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Appendix A	
  
Memory Strategy Repertoire Questionnaire
Below are 8 hypothetical situations involving everyday memory.
We are interested in examining the different strategies used to assist both
healthy older adults and people with memory difficulties in these situations.
Please list all the strategies that you use or might use in the following situations.

1. Peter has just been introduced to his new neighbours. What strategies
could help Peter to remember their names?
2. Joan keeps misplacing her keys in the house. What strategies could help
Joan?
3. It is 9 a.m. and Betty has an appointment to get her hair cut at 2 p.m. in
the afternoon. What strategies could help Betty to remember the
appointment?
4. Ray is trying to remember the right word in a conversation. What
strategies could help Ray in the conversation?
5. David has promised to water the pot plants for his friend when she goes
away next weekend. What strategies could help David to remember to
water the plants?
6. Maxine needs to remember to take different medications at certain times
in the day. What strategies could help Maxine to remember which
medications to take at various times in the day?
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7. Bill forgets to take a borrowed book with him when he goes to visit a
friend. What strategies could Bill use to remember to take the book with
him?
8.

Phyllis has received a new bank card with a new PIN. What strategies
could help Phyllis to remember the new PIN
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Participant Information and Consent Form (Caulfield General Medical
Centre)

A RANDOMISED TRIAL OF MEMORY
MANAGEMENT
Research Team:
Prof Glynda Kinsella
Prof David Ames
Prof Elsdon Storey
Dr Ben Ong
A/Prof Michael Saling
Elizabeth Mullaly
Elizabeth Rand
Dr Kerryn Pike
Jacinta Delprado
Rachel Hutchens

1.

Psychology Department, CGMC &
Psychological Science, La Trobe
University
National Aging Research Institute
Cognitive Dementia and Memory
Service, CGMC
Psychological Science, La Trobe
University
Clinical Neuropsychology, Austin Health
Psychology Department, CGMC
Cognitive Dementia and Memory
Service, CGMC
Psychological Science, La Trobe
University
Psychological Science, La Trobe
University
Psychological Science, La Trobe
University

Introduction

You are invited to take part in this research project. We are contacting you
as you recently attended the memory clinic at Caulfield General Medical
Centre and indicated to one of the clinical staff that you might be willing to
participate in this research study. The research project aims to investigate
whether providing information about memory and also training in memory
strategies can improve memory skills in everyday activities.
This Participant Information and Consent Form tells you about the research
project. It explains what is involved to help you decide if you want to take
part.
Please read this information carefully. Ask questions about anything that
you don’t understand or want to know more about. Before deciding whether
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or not to take part, you might want to talk about it with a relative, friend or
your local health worker.
Participation in this research is voluntary. If you don’t wish to take part, you
don’t have to.
If you decide you want to take part in the research project, you will be
asked to sign the consent form. By signing it you are telling us that you:
•
•
•
•

understand what you have read;
consent to take part in the research project;
consent to be involved in the procedures described;
consent to the use of your personal health information as described

You will be given a copy of this Participant Information and Consent Form to
keep.

2.

What is the purpose of this research project?

The aim of the project is to understand if memory training can improve
memory in everyday life, especially for people who are experiencing
memory difficulties as a result of health issues. We know that memory
training for older adults can improve performance on memory tests but we
don’t know if this training also improves everyday memory skills; nor do we
know if memory training can assist people who are self-reporting memory
difficulties. This study is an extension of an earlier pilot study which has
provided encouragingly positive results for the usefulness of our
intervention.
We will recruit 300 people to take part in the study and participants will
include older adults who are reporting memory difficulties and also older
adults who simply wish to improve their memory skills in day to day tasks.
The study will be conducted in several locations across Melbourne and
involves researchers from several organizations working in collaboration.
Some of this research will be used by Ms Jacinta Delprado and Ms Rachel
Hutchens to obtain a Doctor of Clinical Neuropsychology degree. The project
is funded by the National Health & Medical Research Council.

3.

What does participation in this research project

involve?
•

Procedures

- Firstly, we will ask you to sign the statement of informed consent to
participate in the study and to allow us to access your medical histories to
confirm your suitability for the study. In order to avoid duplication of
information, your previous neuropsychological assessments may need to be
viewed. We need your permission to view this information if necessary.
- We will then ask you to complete some assessments of attention and
memory and questionnaires of mood and capacity in daily activities. These
can be conducted in your own home and generally take about 60-90
minutes to complete. This phase of assessment is to ensure that our
intervention is suitable for you.
- Following this assessment process you will be assigned to a waiting list
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and randomly allocated to the next available memory group which maybe in
the next several weeks or can be delayed for up to six months.
- The memory group intervention requires attendance at one 2-hr session
every week for six weeks. The groups will be conducted at Caulfield General
Medical Centre or at other selected community health centres by skilled
health professionals that have extensive experience in memory and memory
strategies. The memory program is based on the latest research findings
and the emphasis is on practical strategies for dealing with everyday
memory problems. The sessions are interactive and will involve discussing
information about memory changes commonly experienced as a result of
age or health issues and will also provide presentations of information to
illustrate common memory difficulties in everyday situations and strategies
to respond to these difficulties. Each group will consist of about eight to
twelve people who meet weekly. These groups will include family partners
or close friends who are also invited to participate with you.
- We will ask you to complete several measures and questionnaires of
memory, memory strategies, attention, and mood to help us to determine
whether the intervention is having any effect in your life. These
assessments are paper and pencil measures or self-report questionnaires
and will be completed in your own home, or a location convenient to you.
The timing of these assessments is before the intervention, immediately
after the intervention and at six months follow-up. Each assessment will
take about 60-90 minutes to complete with one of our research officers.
- At the conclusion of the study, we will mail to you a summary of the
findings of the study.

•

Reimbursement

You will not be paid for your participation in this research but we may be
able to assist with transport costs to attend the intervention.

4.

What are the possible benefits?

We cannot guarantee that you will receive any benefits from this project.
However, we do expect that the intervention will increase your knowledge
about memory in everyday life and how certain aspects of memory
performance can change as a result of health and aging. We also expect
that you will become more skilled in the use of memory strategies that
may help to reduce memory failures in everyday activities.

5.

What are the possible risks?

There are no known risks or side-effects to this intervention, except that
occasionally people may be distressed if they think that their performance is
not as good as they expected. If you become upset or distressed as a result
of your participation in the research, the researcher is able to arrange for
counselling or other appropriate support. Any counselling or support will be
provided by staff who are not members of the research team.
Occasionally people may become fatigued during the assessments but if this
occurs you may take a break and resume the assessment at a later stage.
You are also given the choice to withdraw from the study at any stage
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and/or discuss any concerns with the researchers or with your treating
clinician.

6.

Do I have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take
part, you do not have to. If you decide to take part and later change your
mind, you are free to withdraw from the project at a later stage.
If you decide to withdraw, please notify a member of the research team. If
you decide to leave the project, we would like to keep the personal and
health information about you that has been collected. This is to help us to
make sure that the results of the research can be measured properly. . If
you do not want us to do this, you must tell us by sending in the Withdrawal
of Consent page (page 6 of this document) within 4 weeks of completion of
your participation in the research project.
Your decision whether to take part or not, or to take part and then
withdraw, will not affect your relationship with the researchers or Caulfield
General Medical Centre.

7.

How will I be informed of the final results of this

research project?
Upon request, a summary of the research outcomes will be mailed to you
following completion of the study in the next two to three years. If you wish
to find out more about your individual results, these can be discussed with
you following completion of assessment but will not represent a
comprehensive clinical neuropsychological assessment. Other people, such
as your local doctor, will only be given a copy of your results with your
permission.

8.

What will happen to information about me?

To ensure confidentially, all information collected will identify you by a
number only and will be stored securely in password protected files for at
least 15 years following completion of the study. These files will only be
accessible by the research team and will be stored in a locked cabinet in the
research office of Prof Glynda Kinsella, La Trobe University. If you give us
permission by signing the Consent Form we plan to publish the results in a
scientific journal, however any publication or presentation arising from this
research will include group data only and individual privacy will not be
compromised.
Any information obtained in connection with this research project that can
identify you will remain confidential and will only be used for the purpose of
this research project. We may extend this project by undertaking related
research. We are asking for your consent to allow us to use the study
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information for this purpose, however, any personally identifying
information will continue to remain confidential.

9.

Can I access research information kept about me?

In accordance with relevant Australian and/or Victorian privacy and other
relevant laws, you have the right to access the information collected and
stored by the researchers about you. Please contact one of the researchers
named at the end of this document if you would like to access your
information.
Further, in accordance with regulatory guidelines, the information collected
in this research project will be kept for at least 15 years.

10.

Is this research project approved?

The ethical aspects of this research project have been approved by the
Human Research Ethics Committee of Austin Health, Melbourne Health, St
Vincent’s Hospital, Eastern Health, Bayside Health, Barwon Health and La
Trobe University. This project will be carried out according to the National
Statement on Ethical Conduct in Human Research (2007) produced by the
National Health and Medical Research Council of Australia. This statement
has been developed to protect the interests of people who agree to
participate in human research studies.

	
  
11.

Consent

I have read and I understand the purposes, procedures and risks of this
research project as described within it.
I give my permission for the researcher to access, if necessary, my previous
neuropsychological assessments and medical history.
I have had an opportunity to ask questions and I am satisfied with the
answers I have received.
I freely agree to participate in this research project, as described.
I understand that I will be given a signed copy of this document to keep.

Participant’s name (printed) ……………………………………………………
Signature

Date
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Declaration by researcher*: I have given a verbal explanation of the
research project, its procedures and risks and I believe that the participant
has understood that explanation.

Researcher’s name (printed) ……………………………………………………
Signature

Date

Note: All parties signing the consent section must date their own signature.

	
  
Optional	
  
I	
  give	
  my	
  consent	
  for	
  my	
  contact	
  details	
  to	
  be	
  stored	
  so	
  that	
  I	
  may	
  be	
  
contacted	
  about	
  other	
  research	
  projects	
  in	
  the	
  future	
  	
  
	
  
Participant’s name (printed) ……………………………………………………
Signature

Date
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Withdrawal	
  of	
  Consent	
  for	
  Use	
  of	
  Data	
  Form	
  
	
  
	
  
A RANDOMISED TRIAL OF MEMORY MANAGEMENT

	
  
	
  
	
  
I,	
   (the	
   participant),	
   wish	
   to	
   WITHDRAW	
   my	
   consent	
   to	
   the	
   use	
   of	
   data	
  
arising	
   from	
   my	
   participation.	
   	
   	
   Data	
   arising	
   from	
   my	
   participation	
   must	
  
NOT	
   be	
   used	
   in	
   this	
   research	
   project	
   as	
   described	
   in	
   the	
   Information	
   and	
  
Consent	
  Form.	
  	
  	
  I	
  understand	
  that	
  data	
  arising	
  from	
  my	
  participation	
  will	
  be	
  
destroyed	
   provided	
   this	
   request	
   is	
   received	
   within	
   four	
   weeks	
   of	
   the	
  
completion	
   of	
   my	
   participation	
   in	
   this	
   project.	
   	
   I	
   understand	
   that	
   this	
  
notification	
  will	
  be	
  retained	
  together	
  with	
  my	
  consent	
  form	
  as	
  evidence	
  of	
  
the	
   withdrawal	
   of	
   my	
   consent	
   to	
   use	
   the	
   data	
   I	
   have	
   provided	
   specifically	
  
for	
  this	
  research	
  project.	
  
	
  
	
  
	
  
	
  
Participant’s	
  name	
  (printed):	
  	
  
	
  
…………………………………………………………	
  
	
  
Signature:	
  
	
  
…………………………………………………………	
  
	
  
	
  
Date:	
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12.

Who can I contact?

The person you may need to contact will depend on the nature of your
query. Therefore, please note the following:

For further information or appointments:
If you want any further information concerning this project or if you have
any problems which may be related to your involvement in the project, you
can contact Prof Glynda Kinsella on (03) 9479 2409 or any of the following
people:	
  
	
  
Name:

Dr Kerryn Pike

Role:

Research Coordinator

Tel number:

(03) 9479 1381

For complaints:
If you have any complaints about any aspect of the project, the way it is
being conducted or any questions about being a research participant in
general, then you can contact:

Name:

Ms Rowan Frew

Position:
Alfred Hospital

Ethics Manager, the Alfred Research and Ethics Unit,

Telephone:

03 9076 3848

Name:

Ethics liaison Officer

Position:

Human Ethics Committee, La Trobe University

Telephone:

03 9479 1443
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Participant Information and Consent Form (Community Participant)

A RANDOMISED TRIAL OF MEMORY
MANAGEMENT
Research Team:
Prof Glynda Kinsella
Prof David Ames
Prof Elsdon Storey
Dr Ben Ong
A/Prof Michael Saling
Elizabeth Mullaly
Elizabeth Rand
Dr Kerryn Pike
Jacinta Delprado
Rachel Hutchens

1.

Psychology Department, CGMC &
Psychological Science, La Trobe
University
National Aging Research Institute
Cognitive Dementia and Memory
Service, CGMC
Psychological Science, La Trobe
University
Clinical Neuropsychology, Austin Health
Psychology Department, CGMC
Cognitive Dementia and Memory
Service, CGMC
Psychological Science, La Trobe
University
Psychological Science, La Trobe
University
Psychological Science, La Trobe
University

Introduction

You are invited to take part in this research project. We are contacting you
as you responded to a request for volunteers to participate in the study. The
research project aims to investigate whether providing information about
memory and also training in memory strategies can improve memory skills
in everyday activities.
This Participant Information and Consent Form tells you about the research
project. It explains what is involved to help you decide if you want to take
part.
Please read this information carefully. Ask questions about anything that
you don’t understand or want to know more about. Before deciding whether
or not to take part, you might want to talk about it with a relative, friend or
your local health worker.
Participation in this research is voluntary. If you don’t wish to take part, you
don’t have to.
If you decide you want to take part in the research project, you will be
asked to sign the consent form. By signing it you are telling us that you:
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•
•
•
•

understand what you have read;
consent to take part in the research project;
consent to be involved in the procedures described;
consent to the use of your personal health information as described

You will be given a copy of this Participant Information and Consent Form to
keep.

2.

What is the purpose of this research project?

The aim of the project is to understand if memory training can improve
memory in everyday life, especially for people who are experiencing some
challenges in memory as a result of health issues. We know that memory
training for older adults can improve performance on memory tests but we
don’t know if this training also improves everyday memory skills; nor do we
know if memory training can assist people who are self-reporting memory
difficulties. This study is an extension of an earlier pilot study which has
provided encouragingly positive results for the usefulness of our
intervention.
We will recruit 300 people to take part in the present study and participants
will include older adults who are reporting memory difficulties and also older
adults who simply wish to improve their memory skills in day to day tasks.
The study will be conducted in several locations across Melbourne and
involves researchers from several organizations working in collaboration.
Some of this research will be used by Ms Jacinta Delprado and Ms Rachel
Hutchens to obtain a Doctor of Clinical Neuropsychology degree. The project
is funded by the National Health & Medical Research Council.

3.

What does participation in this research project

involve?
•

Procedures

- Firstly, we will ask you to sign the statement of informed consent to
participate in the study.
- We will then ask you to complete some assessments of attention and
memory and questionnaires of mood and capacity in daily activities. These
can be conducted in your own home and generally take about 60-90
minutes to complete. This phase of assessment is to ensure that our
intervention is suitable for you.
- Following this assessment process you will be assigned to a waiting list
and randomly allocated to the next available memory group which maybe in
the next several weeks or can be delayed for up to six months.
- The memory group intervention requires attendance at one 2-hr session
every week for six weeks. The groups will be conducted at Caulfield General
Medical Centre or at other selected community health centres by skilled
health professionals that have extensive experience in memory and memory
strategies. The memory program is based on the latest research findings
and the emphasis is on practical strategies for dealing with everyday
memory problems. The sessions are interactive and will involve discussing
information about memory changes commonly experienced as a result of
age or health issues and will also provide presentations of information to
illustrate common memory difficulties in everyday situations and strategies
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to respond to these difficulties. Each group will consist of about eight to
twelve people who meet weekly – some people will be reporting memory
difficulties but others, like you, will not. These groups will also include family
partners of people who are reporting memory difficulties.
- We will ask you to complete several measures and questionnaires of
memory, memory strategies, attention, and mood to help us to determine
whether the intervention is having any effect in your life. These
assessments are paper and pencil measures or self-report questionnaires
and will be completed in your own home, or a location convenient to you.
The timing of these assessments is before the intervention, immediately
after the intervention and at six months follow-up. Each assessment will
take about 60-90 minutes to complete with one of our research officers.
- At the conclusion of the study, we will mail to you a summary of the
findings of the study.

•

Reimbursement

You will not be paid for your participation in this research but we may be
able to assist with transport costs to attend the intervention.

4.

What are the possible benefits?

We cannot guarantee that you will receive any benefits from this project.
However, we do expect that the intervention will increase your knowledge
about memory in everyday life and how certain aspects of memory
performance can change as a result of health and aging. We also expect
that you will become more skilled in the use of memory strategies that
may help to reduce memory failures in everyday activities.

5.

What are the possible risks?

There are no known risks or side-effects to this intervention, except that
occasionally people may be distressed if they think that their performance is
not as good as they expected. If you become upset or distressed as a result
of your participation in the research, the researcher is able to arrange for
counselling or other appropriate support. Any counselling or support will be
provided by staff who are not members of the research team.
Occasionally people may become fatigued during the assessments but if this
occurs you may take a break and resume the assessment at a later stage.
You are also given the choice to withdraw from the study at any stage
and/or discuss any concerns with the researchers or with your treating
clinician.

6.

Do I have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take
part, you do not have to. If you decide to take part and later change your
mind, you are free to withdraw from the project at a later stage.
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If you decide to withdraw, please notify a member of the research team. If
you decide to leave the project, we would like to keep the personal and
health information about you that has been collected. This is to help us to
make sure that the results of the research can be measured properly. If you
do not want us to do this, you must tell us by sending in the Withdrawal of
Consent page (page 6 of this document) within 4 weeks of completion of
your participation in the research project.

Your decision whether to take part or not, or to take part and then
withdraw, will not affect your relationship with the researchers or Caulfield
General Medical Centre.

7.

How will I be informed of the final results of this

research project?
Upon request, a summary of the research outcomes will be mailed to you
following completion of the study in the next two to three years. If you wish
to find out more about your individual results, these can be discussed with
you following completion of assessment but will not represent a
comprehensive clinical neuropsychological assessment. Other people, such
as your local doctor, will only be given a copy of your results with your
permission.

8.

What will happen to information about me?

To ensure confidentially, all information collected will identify you by a
number only and will be stored securely in password protected files for at
least 15 years following completion of the study. These files will only be
accessible by the research team and will be stored in a locked cabinet in the
research office of Prof Glynda Kinsella, La Trobe University. If you give us
permission by signing the Consent Form we plan to publish the results in a
scientific journal, however any publication or presentation arising from this
research will include group data only and individual privacy will not be
compromised.
Any information obtained in connection with this research project that can
identify you will remain confidential and will only be used for the purpose of
this research project. We may extend this project by undertaking related
research. We are asking for your consent to allow us to use the study
information for this purpose, however, any personally identifying
information will continue to remain confidential.

9.

Can I access research information kept about me?

In accordance with relevant Australian and/or Victorian privacy and other
relevant laws, you have the right to access the information collected and
stored by the researchers about you. Please contact one of the researchers
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named at the end of this document if you would like to access your
information.
Further, in accordance with regulatory guidelines, the information collected
in this research project will be kept for at least 15 years.

10.

Is this research project approved?

The ethical aspects of this research project have been approved by the
Human Research Ethics Committee of Austin Health, Melbourne Health, St
Vincent’s Hospital, Eastern Health, Bayside Health, Barwon Health and La
Trobe University. This project will be carried out according to the National
Statement on Ethical Conduct in Human Research (2007) produced by the
National Health and Medical Research Council of Australia. This statement
has been developed to protect the interests of people who agree to
participate in human research studies.

	
  
11.

Consent

I have read and I understand the purposes, procedures and risks of this
research project as described within it.
I have had an opportunity to ask questions and I am satisfied with the
answers I have received.
I freely agree to participate in this research project, as described.
I understand that I will be given a signed copy of this document to keep.

Participant’s name (printed) ……………………………………………………
Signature

Date

Declaration by researcher*: I have given a verbal explanation of the
research project, its procedures and risks and I believe that the participant
has understood that explanation.

Researcher’s name (printed) ……………………………………………………
Signature

Date

Note: All parties signing the consent section must date their own signature.
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Optional	
  
I	
  give	
  my	
  consent	
  for	
  my	
  contact	
  details	
  to	
  be	
  stored	
  so	
  that	
  I	
  may	
  be	
  
contacted	
  about	
  other	
  research	
  projects	
  in	
  the	
  future	
  	
  
	
  
Participant’s name (printed) ……………………………………………………
Signature

Date
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Withdrawal	
  of	
  Consent	
  for	
  Use	
  of	
  Data	
  Form	
  
	
  
	
  
A RANDOMISED TRIAL OF MEMORY MANAGEMENT

	
  
	
  
	
  
I,	
   (the	
   participant),	
   wish	
   to	
   WITHDRAW	
   my	
   consent	
   to	
   the	
   use	
   of	
   data	
  
arising	
   from	
   my	
   participation.	
   	
   	
   Data	
   arising	
   from	
   my	
   participation	
   must	
  
NOT	
   be	
   used	
   in	
   this	
   research	
   project	
   as	
   described	
   in	
   the	
   Information	
   and	
  
Consent	
  Form.	
  	
  	
  I	
  understand	
  that	
  data	
  arising	
  from	
  my	
  participation	
  will	
  be	
  
destroyed	
   provided	
   this	
   request	
   is	
   received	
   within	
   four	
   weeks	
   of	
   the	
  
completion	
   of	
   my	
   participation	
   in	
   this	
   project.	
   	
   I	
   understand	
   that	
   this	
  
notification	
  will	
  be	
  retained	
  together	
  with	
  my	
  consent	
  form	
  as	
  evidence	
  of	
  
the	
   withdrawal	
   of	
   my	
   consent	
   to	
   use	
   the	
   data	
   I	
   have	
   provided	
   specifically	
  
for	
  this	
  research	
  project.	
  
	
  
	
  
	
  
	
  
Participant’s	
  name	
  (printed):	
  	
  
	
  
…………………………………………………………	
  
	
  
Signature:	
  
	
  
…………………………………………………………	
  
	
  
	
  
Date:	
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Who can I contact?

The person you may need to contact will depend on the nature of your
query. Therefore, please note the following:

For further information or appointments:
If you want any further information concerning this project or if you have
any problems which may be related to your involvement in the project, you
can contact Prof Glynda Kinsella on (03) 9479 2409 or any of the following
people:	
  
	
  
Name:

Dr Kerryn Pike

Role:

Research Coordinator

Tel number:

(03) 9479 1381

For complaints:
If you have any complaints about any aspect of the project, the way it is
being conducted or any questions about being a research participant in
general, then you can contact:

Name:

Ms Rowan Frew

Position:
Alfred Hospital

Ethics Manager, the Alfred Research and Ethics Unit,

Telephone:

03 9076 3848

Name:

Ethics liaison Officer

Position:

Human Ethics Committee, La Trobe University

Telephone:

03 9479 1443

