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AWARENESS IN AGEING

by Cassandra Richardson

Deficits in awareness are found in diseases ohggeind with acute and traumatic brain
injury. Despite investigations of awareness in aggatient populations, little is known
about any potential effects of normal ageing onraness. The Hierarchies of Processing
model (Stuss, Picton & Alexander, 2001) provideteoretical framework for an
investigation of different types of awareness ialtigy ageing. Four empirical studies are
reported in this thesis.

An investigation of sensory processing using EBRponents found that older adults had
reduced attentional capture of auditory stimuli alidcated less attention to processing
target stimuli. However, behavioural performance wquivalent across groups, indicating
that the underlying differences found in sensoncpssing did not significantly impact on
functioning. Age-related differences were also imERP components associated with
performance monitoring: error detection; error @ssing; and, in reaction times.
However, again, behavioural performance was siyaliad indicated that older adults were
able to compensate for underlying brain changethdrhird study, there were no age
differences in any of the measures of awarenessfiadly focusing on current
functioning and abilities, which suggested that i@nass of abilities, did not alter as a
function of healthy ageing. The final exploratotydy found that the different levels of
awareness were related, and, that the patterdatiforeships was similar for younger and
older adults.

Normal healthy ageing was associated with sulitferences in some processes
underlying different types of awareness, but witremy functional impairment. It was
concluded that older adults may adapt to underlpiragn and cognitive changes occurring
during later life.
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Overview of Thesis

Awareness can be affected by diseases of agemgAleheimer’s disease: AD; Clare,
2004a, and Parkinson’s disease: PD; Leritz, Lo@isician, Friedman & Bowers, 2004),
but, despite development in our understanding @ramess as a psychological concept
(Chapter 1), the degree of change in awarenesswithal ageing is not established. This
calls into question the extent to which pathologgstirains awareness over and above any
normal age-related changes. Indeed, irrespectipatbiblogy, ageing has been shown to
be a time of significant neurological and cognittheinge (Chapter 2). Impairments in
awareness may, thus, be one result of the norneah@grocess. Moreover, evidence from
the metacognitive literature has indicated thdedent processes involved in awareness

are differentially affected by age.

The empirical studies presented herein were degignaddress two main issues. Firstly,
the extent to which our understanding of awarengght be improved by the application
of cognitive neuroscience techniques. Secondlyddggee to which awareness changes
with age. Thus, traditional theory and modern nscience approaches are combined to
offer a perspective on the investigation of awassne normal ageing. The third chapter
describes, in detail, the method employed to thds &raditional neuropsychological
techniques were applied, but also extended, twvaji@ater understanding of the
underlying brain mechanisms involved in awaren€ks.aim was to replicate and extend

understanding of different types of awarenessyaumger and older sample.

Event-related potentials (ERPs) were introducea mswer approach to investigating
sensory awareness and performance monitoring. BB&iated with the processing of
basic sound or visual stimuli (stimulus-locked)eef the moment at which attention is
captured (Chapter 4). More complex cognitive fumtsi are reflected in response-locked
components, for example, the error-related nedgtiglicited by a choice-response
paradigm (Chapter 5). The third study (Chaptertiisad traditional metacognitive and
clinical approaches to the study of awareness.rélationships between the traditional and
neuroscientific measures of awareness were subsiyegplored (Chapter 7). The final
chapter discussed the utility of this approach cihvribution of the present data to

existing models, and the possible implicationsheffindings for clinical populations.
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Chapter 1. Introductian

If the fact of subjectivity runs counter to a certdefinition of ‘science’,
then it is the definition and not the fact which wil have to abandon.
Searle (1991, p. 25).

1.1. Introduction.

Awareness is a complex and multidimensional constmextricably linked with
consciousness. Whilst the aim of this thesis igmatvestigate consciousness per se, any
discussion of awareness should consider conscissshiés not proposed that
consciousness and awareness are synonymous, éeenohangeable terms, but rather that
the development of these concepts has a sharedyhistdeed, the concepts of
consciousness and awareness have long been adocliscussion by philosophers,
theorists and psychologists (e.g. Chalmers, 1986n&sio, 1999; Dennett, 1993; Duval &
Wicklund, 1972; Searle, 1991, 2000; Tulving, 198&man, 2001, 2006). Consequently, a
number of psychological, neuropsychological andolegical theories and models exist,
some of which will be reviewed in this chapter. Tomceptualisation of levels of
awareness found in some neurological models ofaousness is particularly influential
(e.g. Prigatano & Johnson, 2003; Stuss, Picton &ahder, 2001). The basic tenet is that
there are different types of awareness, and tleaethypes are hierarchically organised,
and dependent on the functioning and inter-convigég®f neural assemblies in the brain.
The development of brain imaging technology hasifaied investigation of candidate
neural correlates of consciousness and awarengs®@nasio, 1999; Frith, Perry &
Lumer, 1999; Koch & Crick, 2000). The neuroscienoexmunity is thus moving towards
empirical examination of the ancient and long-deBatoncepts of consciousness and
awareness, where previously these concepts westdepad too nebulous for scientific
enquiry. An unavoidable challenge is first to opiersalise awareness for objective study.
As suggested by Searle (1991), rather than avomslibgective concepts, a re-examination
of definitions may indicate a way in which to fagte modern neuroscience enquiry. The

approach of this chapter is to offer an historpaispective into the evolution of the
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definitions of consciousness and awareness. Thiswas focussed rather than exhaustive,

with the aim being to demonstrate how the subjeatinay be objectively tested.

1.2. Philosophical Approaches to Consciousness.

A definitive description of consciousness doesaxist, but this has not limited debate
(see Blackmore, 2005). There is some consensugamwhat consciousness incorporates
the multiple concepts of subjectivity, intentiomgliqualitativeness, unity and awareness
(e.g. Chalmers, 1996; Searle, 2000); still thesebanad concepts and not a definition, per
se. Describing consciousness has a long histgukiilosophy. Indeed, the relationship
between consciousness and the physical body isfahe prominent issues in philosophy,
popularly referred to as the ‘mind-body problemarly philosophers acknowledged the
existence of a subjective thought process, andhated to delineate its relationship with
the body. During the Age of Enlightenment over @augand years later, this theme was
revisited by philosophers such as Descartes, wiafleetions on the nature of
consciousness promoted a separation of mind angl Baane present day philosophers
(e.g. Dennett, 1993; Searle, 1991) have activefjpgad with the neuroscience literature,
and modified opinions about consciousness to irchanhsideration of the fact that

consciousness, awareness and brain function axeigably linked.

1.2.1. Ancient Philosophy: Attempts to Demystifybfactive Experience.

To strive for an understanding and awareness af¢lidhas been a feature of human
existence for thousands of years, evidenced byndeem “know thyself” which is often
attributed to Socrates (c470-399 BC, cited in Weidyy 2006). Although the early Greek
philosophers did not explicitly address the consepbtconsciousness and awareness, they
provided an early form of dualism which speculaipdn the relationship between the soul
and the body, and between the person and the seivier hisTheory of FormsPlato
(c427-347 BC, cited in Warburton, 2006) posited therience is an illusion, and only
the eternal is real. Forms are the ideal for exapees by which the world is made possible.
The observable world and physical bodies were memgberfect ‘copies’ of Forms. The
goal of human intelligence is to reach a higherausnding of this relationship

17



(Robinson, 2003). Plato’s theory was developedIbyiris (205-270 AD, cited in Stokes,
2006) who described a trilogy of: ‘the one’, whistthe source of our reality; ‘the
intellect’, the knowledge by which ‘the oneiay contemplate itself (and the basis for
Plato’s Forms); and the highest level, ‘the soliie soul has two types, one type is
concerned with the body, whilst the other is conedrwith rational thinking; the
individual may focus on one or the other (Stok€@9&). One of the obvious criticisms
levelled at Plato, among other early philosopherhis failure to explain the connection
between a given body and soul (Robinson, 2003).d¥ew Aristotle (c384-322 BC, cited
in Warburton, 2006) argued against Plato’s Forntspaoposed that the soul was the very
nature and property of the body, indelatking the soul and the body. Aristotle proposed
that although intelligence was part of the southaiit a bodily organ it did not have
material limits, hence it was immaterial. Intellige was therefore not constrained by the
properties of an organ, rather it was capable agiveng and reflecting upon all forms of
information (Robinson, 2003). These are some ottréest conceptualisations of a
human characteristic, for example intelligencengeoutside’ and separate from the
physical domain, a philosophical legacy that heldnhany years.

1.2.2. Cartesian Dualism: Separation of Mind and\yBo

Perhaps the most influential form of dualism wasvpated by Descartes (1596-1650, cited
in Warburton, 2006), who wrotdeditationsduring the seventeenth century, a time of
significant conflict between religion and scienbescartes undertook a process of calling
into doubt all of his own beliefs. This processneulated in the discovery of his only
certainty, namely that he existed, and this lethéostatement “I think, therefore | am”.
The belief that thinking and existence were insaplay; led Descartes to support a
conceptual separation between the mind and the. lielcartes argued that the mind was
an immaterial substance whose property was thoudtgreas the body was non-thinking,
therefore the mind was substantially distinct fribra body (Robinson, 2003; Warburton,
2006). Cartesian dualism, nevertheless, held ttaiwgh the mind and body were
different substances, they causally interactefadh Descartes believed that the mind
communicated with the body via the pineal glandated between the cerebral
hemispheres. One of the challenges posed by thiseptualisation is in explaining how

the immaterial mind communicated with the pineahgl. Interestingly, Damasio (2005)
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later noted that the pineal gland is located véogecto the hypothalamus, the brain stem
and limbic system, all regions which are involvedhe integration of physiological
regulation and emotion. The social consequenceestaxtes’ division was the belief that
the mind came under the jurisdiction of religiorheseas the physical, material aspects of
the person came under the auspices of sciencddS2@00); herein is reflected the
separation of the science of medicine from psyaol@he logical conclusion of this line
of thought is that the body may be scientificallyestigated, but not necessarily the
functioning of the mind. Descartes’ legacy: “I thjtherefore | am” had popular appeal,
but the lesser known rebuttal from the Materialistsam, therefore | think(Gibson,

2004), suggests the alternative definition, nantiedy subjective thought is in fact

constrainedby physiological processes.

1.2.3. Development of Consciousness.

Other philosophers writing during and since theesgésenth century have been concerned
with the origins of thought, and the relationshgivibeen thought and reality. Locke (1632-
1704, cited in Warburton, 2006) posited that, ghban individual possesses no innate
knowledge and that only experience provided knogadedia sensory information. Locke
believed that ideas were derived from experience,that the perception of an object
incorporated both sensation and an idea, whichmemtal representation of the object
(Warburton, 2006). As ideas are derived from exgrere, ideas would therefore be
modified over time; a causal theory of perceptiStokes, 2006). For Locke this had
implications for the stability of mental function& more generally, for personal identity,
which he associated with consciousness. Locke stggpthe view that without input from
an ‘external’ reality, the mind would not be abdegenerate ideas, which may lead to an
unstable personal identity (Warburton, 2006). HosveBerkeley (1685-1783) argued
against aspects of this philosophy with the prapmsihat an individual only has access to
their mind, and therefore only the mind existst thare is no evidence for an external
world (Warburton, 2006). In other words, a vast anmtf sensory information is
perceived, and it is the mind that organises tifsrmation into coherent schemas of the
external objects, thus giving them ‘existence’. Agreess of an idea is not caused by

perception, iis perception: “To be is to be perceived” (Berkelb§85-1783).

19



Hume (1711-1776, cited in Warburton, 2006) wasurficed by Locke to the extent that
he believed that the contents of the mind werevddrfrom experience with the external
world. He relied on observation and introspectmsupport his conceptualisations,
bringing philosophical views under scientific assaent. Hume expanded on Locke’s
conceptualisation of ideas, in that he employedéhm perceptions to incorporate the
contents of experience, and separated perceptitmgmpressions and ideas. Impressions
were sensory experiences, whereas ideas were adpmapressions and comprised the
content of memories. Hume suggested a numberatforthips between ideas that
underlay thinking; resemblance, contiguity (timinghd cause and effect. Hume posited
that his conceptualisation of perceptions and ¢hegionships between ideas accounted for
the conscious mind (Warburton, 2006). Although Hutekenot directly address the
concept of consciousness, conscious experiencbecaiewed as the incorporation of
incoming sensory experience and the relationshepsden ideas. More importantly for the
present discussion, Hume and Locke offer anottesare for believing that the subjective
mind is related to the body. If a process must tgmldevelopment, then the process is
more consistent with the human body than with &eretal, unchanging soul.

1.2.4. Levels of Consciousness.

In the nineteenth century, the conceptualisatiolewéls of consciousness was a focus for
the emerging field of psychology. Indeed, Nietzs(®&14-1900, cited in Warburton,
2006) described an extra-moral stage of human &ealyromoting the recognition of
unconscious rather than conscious motivations diondn behaviour (Warburton, 2006).
Nietzsche’s focus on unconscious drives was pdatilguinfluential on Freud’s thinking
(Warburton, 2006). One of the prominent featureBreid’s psychoanalytic theory was
the role of unconscious processes in motivatingabielr (Freud, 1946, cited in
Warburton, 2006). Freud (1856-1939, cited in Waidnur2006) proposed that the
personality was composed of the Id, Ego and Supeaad that a balance between the
three constructs was necessary for mental heattndRvas concerned with the
unconscious mind, as he believed that negativerexmes were repressed, which led to
anxiety and conflict. In his view, defence mechargsvere the unconscious strategies
employed by the Ego to relieve this anxiety andflatir(Freud, 1946, cited in Warburton,

2006). Freud employed hypnosis, free associatidrdasam interpretation as methods for
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assessing the unconscious mind. A critical assumpsi that an individual may be aware
of some levels of conscious thought, but not othEng ‘inaccessible’ levels of
consciousness (e.g. the Id and Superego), nevesthekert influence over behaviour, and
may become accessible through examination of beiavioural manifestations, for
example, obsessive-compulsive behaviour in an iddat with neurosis. This theory
suggests that there are levels of consciousneshkioh we are not aware, but about which

the individual maypecomeaware.

1.2.5. Contemporary Philosophy: Mind-Body Assocati

Contemporary philosophers have incorporated theased knowledge and understanding
of the processes involved in brain functioning ititeir theories of consciousness (e.g.
Chalmers, 1996; Dennett, 1993; Searle, 1991). De(i@93), in his Multiple Drafts

model of consciousness, proposed that at any aoné mpamerous brain processes are
interpreting incoming sensory information and tiied stream of information is
continuously being edited. Experience and consaiess are the products of these ongoing
processes (Dennett, 1993). The many “editorial ggses” (Dennett, 1993, p. 112)
occurring at any one time contribute to an explanadf the subjective experience of
consciousness; different points in the stream formation being processed will elicit
different “narratives” (Dennett, 1993, p. 113).contrast, Chalmers (1996) has argued that
consciousness is a fundamental property of thedjyarld cannot be wholly explained in

physical terms and relationships.

Searle (1991) has also argued for acceptancedhatiousness is a feature of the brain.
However, he describes the relationship betweenciansness and underlying brain
function in terms of a system’s properties: mestates are caused by and realised in the
micro-structure and functioning of neurons. Se@®0) advocated the investigation of
neural correlates of consciousness, because “[e .y, in short, to dispel the mystery is
to understand the processes.” (Searle, 1991, pTh8)processes of awareness are a
feature of consciousness (Searle, 2000), with Caiarfl996) conceptualising awareness
as “the psychological correlate of consciousnegs220).
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The combination of philosophical and neuroscientifoproaches to the study of
consciousness has been viewed as progressived SE20lL), but could also be overtly
reductionist (cf. Wittgenstein, included in Ros2@00). Francis Crick stated that
“philosophers often ask good questions, but thexe m techniques for getting the
answers” (Crick irConversations On Consciousnggs74, Blackmore, 2005), but that is

not necessarily the purpose of philosophy.

1.3.Introduction to Psychological Theories of Awareness

This chapter began by saying that the terms coansn&ss and awareness are inextricably
linked. Indeed, contemporary philosophers (e.g.liGees, Searle) consider awareness to
be a central construct in consciousness. Howewgare psychologists have distinguished
between these concepts: “awareness presumes aas13ess, but consciousness does not
imply awareness” (Wheeler, Stuss & Tulving, 199733b). This statement is quite
profound, and requires consideration. Firstly,ghgposition that ‘awareness presumes
consciousness’ may be true for many cognitive meee such as language comprehension,
but it may also be argued that there are some tyjpeie-conscious awareness. For
example, physiological regulatory mechanisms tranawareness of needs (e.g. hunger
and thirst) into consciousness in order for thatipaar drive to be satisfied (Damasio,
2005). Arguably, these are forms of awareness. Mane Broadbent (1958) theorised that
all environmental stimuli are processed on somel]avith only those judged to be most
significant passing though an attentional filteecBnt research into error processing also
indicates the existence of a performance-

monitoring system, operating within about 100marmfction (see Falkenstein,
Hohnsbein, Hoorman & Blanke, 1991; Gehring, CoMsyer & Donchin, 1993). This
system monitors for the presence of an error anglateat the brain to take remedial
action; the brain may thus lb&varethat an error has occurred before the individsial i
consciously aware. The second part of the statestatas that ‘consciousness does not
imply awareness’. In other words, an individual nb@yconscious, but without being
aware of certain aspects of the environment. Trapgsition will now be discussed in

more detail.
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Modern philosophy has considered that consciousmasawareness may be constructs of
the brain, but a major challenge for psychologihesrelationship between these concepts,
with some definitions of awareness being easiéesbthan others. Psychologists have
responded by identifying components of awarenestsniay be individually tested. Social
psychological theories of self-awareness havegtample, identified attention as a critical
cognitive process producing self-awareness. Thusnportant aim of the next section is
to demonstrate that awareness is not a unitarytremdsnd that different aspects of
awareness lend themselves to empirical researcldAiional aim is to show that these

facets may be differentially affected by ageing.

1.3.1. Metacognition.

Metacognition is the study of self-reflected aspaxttcognition; that is how an individual
reasons about their own thinking and memory, as agehe executive processes that
facilitate the selection of strategies and condfdhe allocation of processing resources
(Wellman, 1983). Awareness has been conceptuais@dmetacognitive process, in that
monitoring abilities and awareness are analogoestfdg & Dixon, 1994). Metamemory,
in particular, has been a focus for research. Metaany is a multidimensional construct
that is comprised of knowledge of, and strategsesrhemory functioning, awareness of
one’s own memory, and self-referent beliefs aboertory (Hertzog & Dixon, 1994). The
metamemory literature typically does not employttren awareness; rather, studies have
investigated memory monitoring, which has beenngefias the mechanism facilitating the
revision of memory knowledge (Bieman-Copland & Clems, 1994). Nelson and Narens
(1990) provided a framework for the empirical assgnt of the monitoring and control
processes involved in memory and learning. The inddatified four types of monitoring,
each defined by the judgments involved at diffepints in the course of performance in
a memory task: ease-of-learning; judgements-ofilegrand feeling-of-knowing
judgements in the initial prediction of performamtese of the task; feeling-of-knowing;

and confidence judgements in the test phase dathke
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1.3.2. Social Psychological Theories of Self-Awasn

The relationship between self-awareness and selivlailge has been extensively debated
within the social psychology literature. This magydmartly due to the assumption that the
relationship is complex and difficult to investigampirically. A review by Silvia and
Gendolla (2001) explored the moderating role dielused attention on self-awareness
and argued that the process of introspection magtifon to alter the view of the self. In
other words, requesting that a person considensgeki-awareness can fundamentally
change the process under observation. In essémcpetson may become more self-aware.
The role and consequences of self-focused attentiderpins each of the main social
psychological theories of self-awareness (see&#visendolla, 2001). Some theories are
considered in greater detail below due to theirartgnt contribution to our understanding

of self-awareness.

Before the self-awareness theories can be consideogvever, it is necessary to
understand the definitions of self-awareness orchwvthey are based. The consensus of
opinion appears to be behind the definition of-sireness presented by Duval and
Wicklund (1972): “when attention is directed inwanald the individual’s consciousness is
focused on himself” (p. 2). This is where the corsses ends as there are two approaches to
the actual study of self-awareness based on achsin between situational self-awareness
and dispositional self-awareness, otherwise terse#feconsciousness. Although both
research traditions view self-awareness as an ertimt variable, the situational literature
manipulates self-awareness by assigning particsgata either a control condition or to a
condition that elicits ‘high’ self-awareness, faiaeple, through the use of mirrors, video
cameras or reminders of the self (e.g. Duval & Wiokl, 1972; Macrae, Bodenhausen &
Milne, 1998). In contrast, the dispositional liten@ focuses on individual differences in
self-consciousness, which is typically measureddifsreport of self-symbolic thoughts. A
median split on the Private Self-ConsciousnesscaldgFenigstein, Scheier & Buss,

1975) is commonly employed to create high and lelfrconsciousness groups (e.g. Hull,
Sloane, Meteyer & Matthews, 2002).

The objective self-awareness theory (Duval & Wicklu1972; Silvia & Duval, 2001)
posited two types of self-awareness: ‘objectivé-aeiareness’ which arises from self-

focused attention, and ‘subjective self-awarenessch occurs through the experience of
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activity. The theory states that when attentiofo@zised in on the self (self-focused
attention), objective self-awareness may be eticiténis can lead to a comparison between
the self, defined as knowledge held about the iddad, and a standard defined as “a
mental representation of correct behaviour, attisyénd traits” (Duval & Wicklund, 1972,
p. 3). Any discrepancy found between the self daddards from this self-evaluation

could lead to negative affect, which could in tarativate the person to reduce the
discrepancy, either by modifying their standardbyavoiding introspection. Since the
original theory was published, research has focoseglucidating those processes
potentially involved in reducing any discrepanay, éxample, attributions involved in

explaining the discrepancy (Silvia & Duval, 2001).

Two later theories of self-awareness also havedneept of an automatic internal
comparison with a standard as a central tenetlbfesgulation and behaviour (Carver &
Scheier, 1981; Gibbon, 1990). These later thedwoegever, differ in their
conceptualisation of standards. Carver and Sclsgi£881) model incorporated the view
that self-focused attention could be towards eighdalic or private aspects of the self; the
external environment or the internal. Additionallyey proposed that mental
representations of standards were hierarchicalgnged. There are two critical points:
firstly, if the standard chosen during the evakmprocess does not correspond with
behaviour in the current evaluation this can leadissonance; secondly, lower level
standards can be accessed leading to the selfategubf behaviour (Carver & Scheier,
1981). Gibbon (1990) also presented a multi-levetieh suggesting that at the experiential
level, attention is focused on arousal and bodihysations; at the behavioural level, a
consideration of standards regarding correct belasioccurs; and at the evaluative level,
there is a comparison with the ‘ideal’ self. In suary, the automatic, internal focusing of
attention was considered to provide accurate indbion necessary for self-regulation of

behaviour.

Failure of self-focused attention and self-regulajmrocesses (processes that facilitate
regulation of behaviour) have been linked with peyzathology (e.g. Ingram, 1990;
Pyszczynski & Greenberg, 1987). Intense self-faarselicit hyper-sensitivity to
psychopathological symptoms which, in turn, maghatt with other processes such as
catastrophic thoughts and rumination, which canmaumnd the problem. Pyszczynski and

Greenberg (1987) presented a ‘self-awareness thefargactive depression, proposing
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that self-focused attention exacerbated negatifeetadnd a perception of negative
outcomes, which in turn created a “depressivefseliising style” (Pyszczynski &
Greenberg, 1987, p. 127), a style of focusing #tiarnto depressive symptomatology.
Similarly, Ingram (1990) proposed that this relasibip between self-focused attention and
self-focusing style was central to the majoritypsf/chopathological conditions (e.g.
depression, anxiety, alcohol abuse, vulnerability schizophrenia). Again, a limitation of
these theories is the difficulty in testing themthis case from an ethical perspective. It
may be problematic and unethical to manipulatepredsive self-focusing style, and in

separating illness symptomatology from a self-faogistyle.

In contrast to the theories of self-awarenessahabased on self-focused attention, Hull
and Levy (1979) proposed that self-awareness imgoillie automatic encoding of self-
relevant information from the environment. Thisemsfto the sensitivity of self-relevant
environmental cues. The point of this theory id ey information that is processed as
self-relevant may influence behaviour, regardldgb® applicability of the information to
the participant. More recently, in support of Halid Levy’s (1979) earlier theory, Hull,
Slone, Meteyer and Matthews (2002) used implicit smbliminal primes to investigate
self-consciousness and its relationship to behavidull et al. (2002) employed a median
split on the Private Self-Consciousness subscaldamd that high, private self-
consciousness (high awareness of internal, selbslimthoughts) was associated with
behaviours influenced by the primes presentedwalking more slowly after presentation
to an elderly prime (elderly stereotype: Studiesdd 1b), and increased blood pressure to
an angry prime (Study 4). These results suggestriisviduals high in private self-
consciousness have greater sensitivity to enviromsheues that may be processed as self-
referent. One challenge for the Hull and Levy ()3F@ory, in particular, is in accounting
for behavioural consistency. That is, the degreefth an individual may maintain ‘high’
self-awareness, for example, the extent to whighisha trait rather than is state, is not

known.

In summary, the social psychological theories rdefened self-awareness as either
situational or dispositional. In other words, s@lfareness either arises from self-focused
attention or is a personality characteristic. Wthitgestigators have focused on the

relationships between self-awareness and the eglitation of behaviour, none address
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possible developmental influences on self-awareoeti®e influence of experience on the

development and maintenance of standards.

1.3.3. Psychological Models of Awareness.

Cavanaugh (1989) presented a theoretical framemar@&unting for different perspectives
of awareness in memory, drawing heavily from theéamemory literature. The model
incorporates several variables identified as ingpdrto memory functioning namely;
experience, task demands, knowledge, personaétigfs, and motivation. Three types of
awareness are distinguished: (i) systemic awaredefised as knowledge and beliefs
about memory functioning; (ii) epistemic awaren&gsich represents the ability to
evaluate the knowledge base; and, (iii) on-linerawass, which refers to the monitoring
of processing during memory tasks. Each type ofemess may be tested using different
methodologies. Systemic awareness can be assegbadetamemory questionnaires,
epistemic awareness with feeling-of-knowing (FO#ggements, and on-line awareness
with processes of recollection. The model predigatthways between systemic awareness
and the knowledge base, knowledge evaluation aistkeic awareness, and executive
processing and on-line awareness. However, therdiif types of awareness are not
connected. A search of the available literaturenditifind any studies empirically
assessing this model. Memory monitoring studieghagvertheless employed FOK
judgements and predictions across trials (e.g. Bre@opland & Charness, 1994; Perrotin,
Isingrini, Souchay, Clarys & Taconnat, 2005; Soyc&dsingrini, 2004; Souchay,
Isingrini & Espagnet, 2000) and, it can be argued these processes also represent on-
line awareness. Although Cavanaugh’s (1989) mooes$ ehot account for the dynamic
relationship between awareness and memory funatipitidoes provide testable
hypotheses about awareness and its underlying ggeseFor example, investigating
relationships between knowledge evaluation and R@igements may contribute to an

assessment of epistemic awareness.

The relationship between awareness and memorgasaatentral tenet of one of the most
influential psychological models of awareness. TngW1985) introduced the concept that
different types of awareness corresponded witlenetl from different types of memory.

In his seminal paper, Tulving (1985) linked semantemory with noetic (knowing)

awareness, and episodic memory with autonoetitKselwing) awareness. Tulving
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(1985) developed the remember/know paradigm engtlyito assess the concepts of
autonoetic and noetic awareness. These conceptparationalised by retrieval from
episodic memory. The experience of ‘reliving’ themory (remember), corresponds to
autonoetic awareness, whilst knowing, retrievahaitt an experiential component,
corresponds to noetic awareness. There is an exditsrature regarding these concepts
(see Yonelinas, 2002, for a review), and they Hmen shown to be dissociable processes
with differing neural substrates; converging eviceesuggests that remembering and
knowing are associated with activation in separ@g@ns of the medial temporal lobes
(Yonelinas, 2002).

1.3.4. Clinical Approaches to Awareness.

The clinical literature has focused on deficit@uareness of specific functions found in a
number of patient populations: Alzheimer’s dise@3are, 2004a, 2004b), acquired and
traumatic brain injury (Prigatano & Schacter, 19%¥3arkinson’s disease (Leritz et al.,
2004) and schizophrenia (Medalia & Lim, 2004). Beslii (1914) first introduced the term
anosognosiaa( without; nosq diseasegnosig knowledge) to describe a lack of awareness
of hemiplegia in stroke patients. The term is noarencommonly used to indicate a lack
of awareness of impaired neurological and/or nesyodpological functions (McGlynn &
Kaszniak, 1991). There has been increased interasiosognosia in Alzheimer’s disease
(AD) in particular, over recent years (e.g. Cl&@04a, 2004b). One consistent finding is
that anosognosia is a common feature of AD andesgnt in the early stages of the iliness
(Correa, Graves & Costa, 1996; Dalla Barba, Parlat@rone & Boller, 1995; Derouesne
et al., 1999; Vogel et al., 2004). A lack of awass of deficits in AD may delay self-
referral to health care professionals (Carr, GBaty & Morris, 2000), reduce the
effectiveness of cognitive rehabilitation intervens (Clare, Wilson, Carter, Roth &
Hodges, 2004; Koltai, Welsh-Bohmer & Schmechel,1)06ontributes to caregiver

burden (DeBettingnies, Mahurin & Pirozzolo, 199@|t&er, Vasterling, Yoder &
Thompson, 1997), and may lead to the continuedpeence of potentially dangerous

behaviours (e.g. poor car driving; Rizzo, ReinddhGhee & Dawson, 1997).

A variety of conceptualisations, operationalisasiamd methodologies has been employed

to measure anosognosia and may, in part, accoumdonsistent findings. Several
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methods have been employed in the clinical litesatar investigating awareness of
cognitive functioning: clinician ratings; questiaires; and, combinations of these
methods. Discrepancies between patient and canegsaand between prediction and
performance are also frequently employed as indi€asvareness (see Clare 2004b, for a

review).

Impaired awareness of numerous domains has bestifields memory functioning
(Eslinger et al., 2005; Vasterling, Seltzer, Fos¥ahderbrook, 1995), cognitive and
behavioural functioning (Migliorelli et al., 1995tarkstein, Sabe, Chemerinski, Jason &
Leiguarda, 1996), activities of daily living (DeBighies, Mahurin & Pirozzolo, 1990),
naturalistic action errors (Giovannetti, Libon & #§&2002) and metacognition (Gil et al.,
2001). These findings indicate that deficits in eam@ss appear to be domain specific
rather than generalised. Behavioural correlatesiobognosia have also been found in
relation to organic disease severity=(.60; Kashiwa et al., 2005), apathiy¢ € .48;
Derouesné et al., 1999), social skills and behasi¢u= .52; Seltzer, Vasterling, Yoder &
Thompson, 1997) and frontal lobe functioning=(.70; Michon, Deweer, Pillon, Agid &
Dubois, 1994). However, there are highly divergesults, in particular with regard to
depression and frontal lobe functioning (e.g. Brieslinger, Ballentine & Heilman,
2005; Dalla Barba, Parlato, lavarone & Boller, 1p9%e relationship between
anosognosia and depression is complex, as somessfad to find a relationship between
anosognosia and depression (e.g. Barrett et &5;20ichon et al., 1994), whilst others
have found negative correlations indicating thairdssion decreases as anosognosia
increases (e.g. Kashiwa et al., 2005; Smith, HewteMcCleary, Murdock &
Buckwalter, 2000). These results suggest that gréadight into the condition may be of
therapeutic benefit. It is also conceivable, howgtraat greater knowledge about a

condition may lead to more negative mood.

Similar discrepancies are found in the literatuneestigating frontal lobe functioning and
anosognosia. Michon et al. (1994) created a fr@adate from performance on the
Wisconsin Card Sorting Test, verbal fluency andaphic series task and found that
greater anosognosia was significantly associatéudwarse performance on these tasks. A
similar finding between verbal fluency and awarsngismemory abilitiesr(= .56) was
found by Dalla Barba et al. (1995), however, nceotielationships were found between

anosognosia and other frontal lobe tasks (Modiiadd Sorting Test, cognitive estimates
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and Graphic Sequences). In contrast, Barrett €2@05) required participants to predict
their performance pre- and post-testing on a rafgeuropsychological tasks assessing
multiple domains of function (naming, visuo-spaskill, memory, limb praxis, attention
and generative behaviour). Barrett et al. (2008)utated an anosognosia ratio for each
group (controls and AD) by (i) subtracting estintebe®m actual performance percentages
and (ii) adding estimated and actual performancegmages, then dividing these two
numbers (i/ii) to provide a ratio score between with O representing perfect awareness.
The authors found significant differences betwdenratios of the groups on pre-test
visuo-spatial skill prediction and post-test mempogtdicton. Interestingly, Derouesné et
al. (1999) failed to find relationships between sognosia and the Wechsler Memory
Scale, verbal fluency or WAIS similarities. Althdu®erouesné et al. (1999) found that
those with anosognosia presented with more behealisigns consistent with frontal lobe
dysfunction, there was no significant differencewareness in those who reported one or

more behavioural signs and those who reported none.

1.3.4.1. Neuropsychological Models of Awareness.

Neuropsychological models of awareness have beeriated from the clinical
assessment of patients presenting with deficissnareness of level of cognitive
functioning, particularly those with dementia. Nepsychological assessment is
undertaken to measure the degree to which cogrdtiveains are affected by

neurodegenerative diseases.

1.3.4.1.1. Neuropsychological Models of Awarenesalzheimer’s Disease.

Agnew and Morris (1998) reviewed the literatureamosognosia in AD and developed a
cognitive model to account for the heterogeneoasgntation of anosognosia (see Figure
1.1). This model suggested possible mechanisms$vedan memory functioning, and
identified ways in which deficits may influence rmebgnition. The authors proposed that
deficits at various, crucial points within the mbdeuld result in three types of
anosognosia. Mnemonic anosognosia refers to fatiturevise the personal knowledge
base (PKB): a mismatch concerning functioning iecded, but the mismatch is not

encoded in the PKB. However, due to the links betwthe comparator mechanism,jC
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and consciousness via implicit memory, the mismataly be encoded into implicit
memory; this implicit knowledge of impaired funatiog may be exhibited behaviourally
(e.g. by avoiding tasks relying on the impairedchion). Executive anosognosia refers to
the perception of an error, but due to a failuréhefG,, a comparison with the PKB does
not occur; a mismatch signal is not created aretetbre, there is no output from the
comparator mechanism such that there is no commtimncabout a deficit into memory.
Primary anosognosia is global unawareness of ilmgaognitive functioning due to a
deficit in the Conscious Awareness System, despitemunication of impairments from
the G, and the PKB. However, negative affect may be egpeed due to the link between
implicit memory and consciousness. The model hasrexently been directly tested (see
Ansell & Bucks, 2006; Graham, Kunik, Doody & Snd2@05), with limited support being
found for mnemonic anosognosia; in that the renisibthe PKB does appear to be
affected with AD. However, Ansell and Bucks (20@&)nd that older adults were able to
update their memory predictions, indicating thad thipe of awareness deficit was specific
to AD.

Figure 1.1. A Cognitive Model of Anosognosia of Memy Impairment (adapted from
Agnew & Morris, 1998).
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Clare (2004b) presented a biopsychosocial modaaieness in AD in her review and
included neurological, neuropsychological, psycaitand psychosocial perspectives.
Clare (2004b) proposed that the self was “the umgfgontext for experience over time”

(p. 169), a cognitive schema, and socially constdjovith age, personality, coping styles,
norms and experience influencing the self. The rhdescribed biological, psychological
and social dimensions of awareness, each of whidhded factors to be considered when
examining an individual’s level of awareness. Faraple, the biological dimension
included: domain-specific unawareness; executi@uaneness; mnemonic, executive and
primary anosognosia; damaged and/or disconnectaddi@us Awareness System; and,
general metacognitive deficit. The model positeat the biological and social dimensions
influenced psychological aspects of awareness, @dth of the dimensions interacting
with different aspects of the self. For examplegr€l(2004b) argued that AD threatened
the sense of self, and combined with personaldpjng styles and beliefs would influence
the psychological dimension of awareness, whicluted the concept of denial. A
dynamic interaction was posited between the sgeililand the social dimension of
awareness, which included interactions with sigatiit others, and opportunities for
participation in activities and social roles. Thedal has integrated a wide range of
concepts from diverse literatures and whilst corensive, has not been empirically
assessed, probably due its complexity. Althoughhbdel was developed from existing
literature, it does not offer testable hypothedesiaawareness; rather it suggests possible

relationships between different dimensions of awess in AD.

1.3.4.1.2. Neuropsychological Models of Awaren@sBriain Injury.

Deficits in awareness alongside neuropsychologiefitits are found in other neurological
conditions (e.g. acquired and traumatic brain ¥jjuending validity to the close
association between awareness and brain functiowihgst the previous
neuropsychological models may be applied to mdti@urological conditions, they have
been specifically developed from the literaturearelgng deficits in awareness in AD.
There has been little comparison of deficits in @mass in differing patient populations
(however, see Eslinger et al., 2005, for a comparef awareness deficits in different
types of dementia). Crosson et al. (1989) presehe&®yramid Model of Awareness,

which was developed to account for deficits in amass found in individuals with brain
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injury. The model describes three levels of awasstmeerarchically arranged, with higher
levels being dependent on lower levels. Specifficde in awareness were outlined for
each of the levels. Intellectual awareness at thi®in level, represents the awareness that
there is impairment in some domain. Emergent avemgrat the middle level, is awareness
that the impairment is a problem. At the top leaglticipatory awareness is the

understanding that the impairment is causing tbhélpm.

Little support has been found for the Pyramid ManfeAwareness. For example, Abreu, et
al. (2001) compared patients’ predicted and agiadbrmance as assessed by clinicians,
on basic activities of daily living (ADL), meal plaing and money management.
Questions regarding their prediction (intellectieakel), performance (emergent level) and
assessment of performance effects on independamng [lanticipatory level) were
employed. The study found significant differencesazen the patients’ different
assessments and their actual performance for ddbbk tasks, with the exception of
performance of basic ADL and their assessmentedf #ttual performance. Two groups
were created on the basis of their response testign regarding their awareness of
changes in abilities. Crosson et al. (1989) prediat the Pyramid Model of Awareness
that aware patients would have greater accurathein assessments. However, the groups
(aware/unaware) in the Abreu et al. (2001) studsewet significantly different on the
discrepancy between the patients’ predictions hactlinicians’ ratings of performance.

Both unaware and aware patients significantly cstereated their abilities.

Toglia and Kirk (2000) argued against the hierarahstructure of the Pyramid Model of
Awareness and expanded the model to incorporateyti@mic relationships between
awareness and performance (see Figure 1.2). Thelmmeparates metacognitive
knowledge and on-line awareness, with the formlating to general knowledge existing
prior to task engagement, whilst the latter isatitnal and activates with task
performance. The Domain of Concern influenced teptb of Awareness concept, as well
as prior knowledge of task performance and assatitrategies. Depth of Awareness
influenced self knowledge and beliefs (intellectaafareness). The model proposed a
dynamic interaction between prior knowledge anflls@dwledge. These constructs, in
turn, interact with situational, on-line awarenegkich was linked to anticipatory
awareness (the understanding that the impairmeyaLising the problem), task experience,

monitoring of cognitive state (emergent awarenass)self-evaluation. On-line awareness
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was also influenced by cognitive deficits, fatigoetivation and social influences. The
model posited that self knowledge, the construttsdine awareness and the other
factors, impacted on the individual’s responsee¢éalback. Although the model does
provide possible hypotheses about awareness andgs@s involved in awareness during
task performance, the multitude of variables aneractions makes any empirical
investigation difficult. However, O’Keefe, Dockredploney, Carton and Robertson
(2007) investigated Toglia and Kirk’s (2000) modeid employed a multidimensional
approach to assess awareness in individuals vaitimatic brain injury. This study
examined different types of awareness, using @&tyaof measures to operationalise each
type, with 31 adults with traumatic brain injury€an age 28.74, SD 8.52 years) and a
control group of 31 adults, matched on sex, agdevrel of education. This study found
that metacognitive knowledge about personal aedlitvas not related to either emergent or
anticipatory awareness. However, there was a higjglyificant relationship between
emergent and anticipatory awareness (72), indicating that better monitoring of errors
during a sustained attention task was associatédmore accurate prediction of
performance. These findings indicate a separatiwden metacognitive knowledge and
on-line monitoring, supporting Toglia and Kirk’sQ@0) conceptualisations of these

different types of awareness.

Figure 1.2. Model of Awareness. Adapted from Togha Kirk (2000).

Domain of
Concern
Metacognitive Knowledge PN On-line Awareness
“Knowing that” N “Situational”
Depth of —
Awareness Knowledge Appraisal of task
4 yY
A 4
Self Knowledge Self Monitoring

Responses to Feedback
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In summary, each of the neuropsychological modeigewed above has attempted to
conceptualise different types of awareness intaméwork and has incorporated existing
metacognitive evidence to delineate processesrthgtunderlie deficits in awareness of
various domains. However, these models have beeriaped to account for evidence of
awareness deficits in patient populations, and haredy been empirically tested, limiting
conclusions that can be drawn about their utibtym investigation of awareness in normal
ageing. An investigation of these models considgboth age and disease, particularly as
AD is a disease of ageing, would contribute to adenstanding and separation of the

effects of neurological diseases on awareness.

1.3.4.2. Neurological Models of Awareness.

The advent of brain imaging techniques has provajgzbrtunities directly to investigate
functional neuroanatomy. The following section diss two prominent neurological
models of awareness, both of which have been deedlrom brain imaging studies
indicating that injury is associated with defigitsdifferent types of awareness. The value
of the neurological models is in the linking offdient types of awareness with underlying
neural architecture. Although the neuropsycholdgimadels provide frameworks to
account for the presentation of deficits in awassnéey do not specify the associated

neuroanatomy.

Most of the neuroimaging work has been conductecesthe mid 1990s. Wheeler et al.
(1997) reviewed positron emission tomography (P&uijlies, which suggest areas of
relative metabolic activation in the brain, prowgievidence for the significant role of the
frontal lobes in autonoetic awareness (awarenesgised with experiential
remembering). Stuss, Picton and Alexander (2004grid#ed in more detail in Section
2.6.2, Chapter 2) developed a model to accourthfodeficits in awareness often found in
patients with brain lesions, incorporating curdembwledge of neural systems and their
functioning. The authors suggested that awarenmesg &#om “processes that construct
models of the world” (Stuss et al., 2001, p. 1@ijterent types of awareness are
associated with processing at different neurall&swehich are hierarchically arranged.
The concept of mental representations (modelsjrsas to that proposed by the social

psychological theories of self-awareness and, agamvague explanation of neural
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processing that does not lend itself to empirieatihg. The value of Stuss et al. model,
however, is in the separation of different typeswareness, and the description of the
processes involved in each type of awareness, vdaigtibe more easily tested, and the
association of these components with functionateenatomy.

The lowest level of the Hierarchies of Processimuglehl (HoP; Stuss et al., 2001) is
Arousal and relates to from coma to waking state Jecond level, Sensorimotor
Awareness results from the processing of senséoynration in the posterior regions of
the brain. The final two levels of the model inwlprocessing within the frontal lobes.
Consistent Consciousness, at the third level,g@ireexecutive functioning and the ability
to organise sensory information underlying behawvi8elf-Awareness is the highest level
in the model, and involves accurate monitoringhef $elf and personal abilities.

The second neurological model of awareness is siorglistic than that of Stuss et al.
(2001). Based on the review of consciousness byadgi2001), Prigatano and Johnson
(2003) proposed a hierarchical model of consciosst@ account for deficits in self-
awareness found in traumatic brain injury. Thedbas, similarly to Stuss et al. (2001),
proposed that the neural circuits underlying défdrtypes of consciousness interact.
Vector 1 of this model represents the waking stht second vector relates to the
phenomenological sense of self and the third cpards with theory of mind; insight into
the self and an understanding of others’ menta&tsid#rigatano and Johnson (2003)
identified specific structures and their intercocthaty underlying the different vectors.
The brain stem and reticular formation and theattmals underpin the waking state. The
anterior and posterior cingulate, the prefrontaktprior parietal, and lateral temporal
cortices underlie the experience of being a ‘s&ifd theory of mind. Whilst both models
describe how neurological damage is involved incitsfof awareness, Prigatano and
Johnson (2003) also suggested possible avenuebalfilitation: medication can elevate
energy levels during the waking state, thus imprg\engagement with tasks; teaching of
coping strategies and performance feedback magtakese with some degree of accurate

self-awareness; and, cognitive therapy may assisetwith deficits in theory of mind.

In summary, the neurological models of awareness @eveloped to account for evidence
that focal brain lesions produce deficits in diffiet types of awareness, probably due to

disruption to neural networks. The main contribatad the neurological models is the
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suggestion that different types of awareness amltuhically arranged and that neural
processing at different levels can be level spetitit can also impact on the interaction of
processing at higher levels in the model. DespieHoP model being developed to
account for deficits in awareness found with bigjary, the descriptions of the processes
underlying each type of awareness provide testajpjetheses appropriate for healthy
ageing. Although there has been some investigafitwo of the neuropsychological
models (Agnew & Morris, 1998; Toglia & Kirk, 200ach of the neuropsychological
models reviewed previously (Agnew & Morris, 1998ar@ 2004b; Toglia & Kirk, 2000),
assumeshe presence of deficits in awareness associatidwuropathology (e.g. AD) or
brain injury. Whilst ageing is associated with re@@and cognitive changes, there is little
evidence of impairments in awareness with increpage. Moreover, only Ansell and
Bucks (2006) and Graham et al. (2005) includedthgallder adult control groups. Of
particular note, Ansell and Bucks (2006) found thlder adults were able to update their
personal knowledge base, which indicated that ggeas not associated with mnemonic
anosognosia, the failure to revise the knowledge lfAgnew and Morris, 1998).

Critically, the definitions of awareness providgd&tuss et al. (2001) move from the
generalised, for example, “when attention is dedéhward and the individual’s
consciousness is focused on himself’ (Duval & Wickd, 1972, p.2.), and somewhat
problematic to assess empirically, to the spedficaccepting that awareness is composed
of a number of hierarchically organised componesnspirical investigation is facilitated

by the specification of processes underlying tygfesmwvareness.

Although Stuss et al. (2001) have indicated a aatdineuroanatomy for the different
types of awareness, the nature of on-line awardmessot been confirmed, partly due to
the limited temporal resolution of most brain imagtechniques. The
electroencephalogram (EEG), however, provides asureaf the electrical activity of the
brain and has excellent temporal resolution, alhgaor the investigation of brain
functioning underlying processing of sensory infatimn and cognitive functions in ‘real’
time. There is some discussion that event-relatéeinpial (ERP) components may be
associated with awareness, for example, the easitiyity (Pe) has been linked with the
conscious awareness of an error (Nieuwenhuis, Riddef, Blom, Band & Kok, 2001;
see also Chapter 5). In addition, other stimulatdéd ERP components reflect perceptual
sensory processing and attentional engagementhwicesent Stuss et al. (2001) second

level of Sensorimotor Awareness, while other respeincked ERP components reflect
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on-line performance monitoring and are associaté tive third level of the Stuss et al.
(2001) model.

1.4. Summary.

This chapter began with a quote by Searle (1999gesting that if a definition of a

process was not useful, the definition, not thetexice of the process should be
challenged. In retrospect, early philosophical apphes to consciousness and awareness
appear ‘mystical’; however, they initiated a longdition of debate into the nature of these
subjective phenomena. Separation of mind and badypwomoted in later years, and
while this was based on a process of introspeceti@hself-reflection, it effectively limited
opportunities to develop testable definitions afistiousness and/or awareness. The
beginnings of a testable account of awareness méyund in the Materialists’ response to

Descartes: | am, therefore I think (Gibson, 2004).

It is important to reiterate that there are nomléfie definitions within the literature,
distinguishing consciousness from awareness. Alpopumary definition of
consciousness is ‘the state of being consciousfd@xEnglish Dictionary, 1989), whereas
to be aware is to have ‘knowledge or perceptioa situation or fact’. In other words,
awareness implies perhaps a greater degree oft@gimvolvement than simply being
conscious, which may be more popularly used withimedical-context. Within the
scientific community, attempts to distinguish betweonsciousness and awareness have
also proved challenging. For example, Zeman (2d3&ussed different meanings of
consciousness: the waking state; self-consciousimessding self-monitoring and theory
of mind; narrow and broad consciousness, the forglating to awareness involved in
self-report, the latter to the acquisition of knedde; inner and outer consciousness, the
former being private; and the easy and hard questd consciousness. Some
contemporary philosophers and scientists (e.g.roé@, 1996; Searle, 2000; Wheeler et
al., 1997) take the view that awareness is an agpeonsciousness, and seek no further
clarification. Indeed, Koch and Crick (2000) studhasual awareness in their investigation
of neural correlates of consciousness, apparentywmsg greater concern to emphasise
that visual awareness was amenable to scientifiesiigation and provided a starting point

for research into the neural correlates of consriess, than to seek to distinguish between
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consciousness and awareness. Based on this cavehi view taken in this thesis is that
awareness is a feature of consciousness, that a@&srés multidimensional, and that
different aspects of awareness can be investigatedgh identifying and testing
definitions of the processes underlying awareness Stuss et al., 2001). Otherwise
stated, rather than aim to provide new definitiohawareness or consciousness, it is the
author’s intention to review definitions of awarea@pplicable and appropriate for
empirical assessment within healthy ageing, argklect a model within which the
interpretation of empirical data may be exploréd i assumed that consciousness and
awareness are to a degree synonymous, then thod tnseterm ‘awareness’ rather than

‘consciousness’ becomes an arbitrary choice.

The critical underlying assumption for this theasishat awareness is a function of the
brain (cf. Koch & Crick, 2000; Searle, 2000), mewnihat assessment of brain function
will facilitate assessment of awareness. Moreos@eial and experimental psychology has
indicated that awareness may be separated inttsleveomponent parts, such as error
recognition. These two conceptualisations are dnadation of contemporary models of
awareness (e.g. Stuss et al., 2001), and the foasi®e interpretation of data presented in

this thesis.
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Chapter 2. Neural and Cognitive Development Actbsd. ifespan

“Age is simply a surrogate index of maturation axgerience.”
Mabbott, Noseworthy, Bouffet, Laughlin and RocK&@6, p. 937).

Brain development involves numerous processesigih during the early gestational
period and continue throughout the lifespan. Tira®been much focus on early
development and later senescence, but less is kabawtt the trajectory of brain
development during the period between childhoodaddedr age. The neural changes
found in later life should not be viewed in isotettiof earlier processes, as the division of
the lifespan into distinct age bands can be mistgadndeed, older adulthood represents
an accumulation of the dynamic interaction betweeural change and experience. It is for
this reason that this discussion of brain and dognfunction in later life is set within the
context of brain and cognitive development acrbsdifespan (see Sections 2.1 and 2.2).
The purpose of this review is to demonstrate thgtdnanges in awareness in older age
occur against a background of more general bradncagnitive change. As awareness is
defined as a multi-level brain function (Stusslgt2001), the extent to which change

occurs in one or more of its component structurdsrctions may be explored.

2.1.Gross Neuroanatomy of the Brain.

There are five major divisions within the braine tterebral hemispheres; the thalamus and
hypothalamus; the midbrain; the pons and cerebeltund, the medulla. The latter four
divisions collectively form the brain stem. Theaenal hemispheres are symmetrical and
are linked by the corpus callosum, a large traettute matter facilitating communication

in the form of neural impulses between the hemisgghel he cerebral hemispheres are
comprised of the cortex (outer layer), myelinatedress and subcortical structures and
systems. The limbic system surrounds the thalamdsrecorporates the cingulate cortex,
the fornix, the hippocampus, the septum and thegdadg. The basal ganglia motor system
Is situated either side of the thalamus and indute globus pallidus and the striatum
which is in turn composed of the caudate and putaf@ael, 2003). Each hemisphere is

subdivided into four lobes: frontal, parietal, teorgd, and occipital.
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2.2.The Cortex.

The gross laminar (columnar) organisation and fonabf the cortex is highly similar
across individuals and is considered to be geritidatermined (Rakic, 2002). The cortex
is typically formed of six layers of cells, whiclhgvide the structure of the grey matter.
Layer | is closest to the scalp and is mainly cosggoof axons and dendrites. Pyramidal
cells form the majority of the cortex (layers ll, M and VI) and are the output projection
neurons to the spinal cord, brainstem and otheicabregions. Stellate cells are a second
major group of neurons found in the cortex withr&groaxons and an inhibitory function
via neurotransmitters. There are regional variatiorthe cortical layers dependent on the
function of the area. Layer V of the motor cortsxthie largest, due to the pyramidal cells
in this layer projecting from the cortex to theibratem and spinal cord, allowing for
motor function (Pinel, 2003). Some subcortical &intes are also considered to be grey
matter structures, due to the laminar organisaifdhe cell layers, for example the
thalamus and basal ganglia (Alexander & Crutch@®01 Sullivan, Rosenbloom, Serventi
& Pfefferbum, 2004; Xiao & Barbas, 2004).

2.3.Brain Connectivity.

The cortical regions do not function independentlgural pathways allow for
communication between the cortex and other sulwadsiructures including the limbic
system, the basal ganglia, the midbrain, and thmIstem, to process sensory information,
and store memories. This facilitates the high lefeleural communication required for
cognitive functioning and behaviour. White mattbowas for the rapid transmission of
neural impulses between brain structures. Moreipaty, axons provide the
connectivity between neurons, and large numbensyefinated axons provide the neural
pathways between structures, as in the corpusscatioA number of pathological and,
more recently, neuroimaging studies has investifjatain connectivity in order to further
the understanding of the relationship between stra@nd function (e.g. Alexander,
DelLong & Strick, 1986; Behrens et al., 2003; JokarBerg et al., 2004; Parker et al.,
2005).
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Alexander et al. (1986) proposed that five neuirauits connect the cortex and the basal
ganglia. Each circuit forms a feedback loop betwsmatific regions of the cortex through
specific regions of the striatum, pallidum, sub8tanigra and the thalamus. These circuits
are hypothesised preferentially to subserve ceftaiations. The motor circuit is involved
in movement and may be further subdivided into nspecific pathways for different
limbs. The oculomotor circuit is involved in visiamd eye movement. At the time of
Alexander et al.” (1986) review, the functions loé fprefrontal circuits were less well
understood compared to the other circuits. Howeateras suggested that the dorsolateral
prefrontal circuit may be involved in spatial memowhilst, based on primate lesion
studies, the lateral orbitofrontal circuit was ktkwith perseveration. The anterior
cingulate circuit includes projections from variagegiions of the limbic system; however,

a function was not specified.

More recent functional neuroimaging studies havthér elucidated the functions of the
prefrontal circuits. The dorsolateral pathway hasrblinked with working memory, and is
activated in conditions of high cognitive demangr{fpa & D’Esposito, 2003). The
orbitofrontal cortex has been linked with the ps®ieg of reward and punishment, and, in
a recent review, the lateral orbitofrontal cirouds specifically associated with the
evaluation of punishment stimuli (Kringelback & Rpl2004). Both imaging and
electrophysiological studies have indicated thatahterior cingulate cortex may be
involved in performance monitoring processes (CaBeaver, Barch, Botvinivk, Noll &
Cohen, 1998; van Veen & Carter, 2002). The anteiifmgulate cortex has been implicated
in both cognitive and emotional processing, buliaising specific functions for this circuit
Is complicated due to its inter-connectivity withmerous other brain regions (Bush, Luu
& Posner, 2000).

2.4. Overview of the Human Brain across the Lifespa

At birth, the infant brain appears similar to tb&an adult. However, a number of
processes begin during gestation and continughetpostnatal period to modify the
maturing brain: the growth of axons and dendritedl (ifferentiation), the establishment
of inter-connectivity with other cells (synaptogsisd, the pruning of redundant synapses

and the formation of myelin along the axons (Jos2pB0; Webb, Monk & Nelson, 2001).
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The gestational and childhood period is charaadris/ overabundant production of cells
and synapses, but also by the subsequent prunicmnokctions that are less optimal than
others. As development progresses, neural patharaysioulded by the input of sensory
experiences (e.g. Hebb, 1948), suggesting a dynaaitonship between the genetically
determined cortical structure (Rakic, 2002) andeth@ironmentally influenced
connectivity between and within cortical regionkeTneural pathways that are
strengthened are those which transmit neural ineguisost efficiently, and are dependent
on incoming sensory stimuli (Forssberg, 1999; Gr&bkthompson, 2004; Katz & Shatz,
1996). Synaptic plasticity is an essential progeske continuing development of the
human brain (Martin, Grimwood & Morris, 2000) arat Bdapting to the dynamic
demands of the environment. The processes invatvplthsticity underlie the
development of higher cognitive functions; the ifptio maintain and restructure cortical
networks is fundamental to learning, memory antiaghreness, and continues into later
life (Arendt, 2001; Martiret al., 2000).

Grey matter volumes continue to increase well adolescence, however these increases
are regionally specific. Giedet al. (1999) found that grey matter volumes wesagimal

at age 12 for frontal and parietal cortices, agéoi@he temporal cortex and age 20 for the
occipital cortex. Following adolescence there agianally specific grey matter volume
decreases (Giedd et al., 1999; Paus et al., 2@@telSet al., 2003; Sowell, Thompson,
Holmes, Jernigan & Toga, 1999; Sowell, Thompsosher & Toga, 2001; Sowell,
Trauner, Gamst & Jernigan, 2002; Sullivan, RosembloServenti & Pfefferbum, 2004).
This is illustrated in Figure 2.1. This schemasiintended as a representation of published
data, as different volumetric measures were usedch study. As grey matter has
differential rates of decline, the schematic préseata from various cortical regions.
Although the decreases in grey matter are regipsakcific, and grey matter volumes
change in a non-linear pattern (see Gogtay e2@0b4), there is an overall decline in grey

matter from adolescence.
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Figure 2.1. Schematic of grey matter changes deelifespan.
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Conversely, white matter density (myelin) increases linear pattern until middle age and
then declines (Giedd et al., 1999; Paus et al.1280well et al., 2003; Sowell et al., 2002;
Sullivan et al., 2004). This is illustrated in Figl2.2; as with the previous figure, the
schematic is a representation of the data. Theare been variable findings with regard to
white matter changes in later life. Numerous vdesitan influence studies: imaging
techniques; age range of the sample; and, regionseoest. For example, the three studies
including wide age-ranges (18-79 years; Good eR801; 7-87 years; Sowell et al., 2003;
20-85 years; Sullivan et al., 2004) did not indéchbw many participants were in each age

group, thus it is not known how many participamatfire in the later decades.

Resnick, Pham, Kraut, Zonderman and Davatzikos3pfaund annual volume decreases
of 2.4 £ 0.4 and 3.1 + 0.4 cm? for grey and whitatter, respectively, over a five year
period in a sample aged 59-85 years. Sohmiya, BaWakara, Hirai and Okamoto (2001)
found that the volume of the midbrain decreaset age (age range 12-94 years). Good et
al. (2001) found, in a sample of 465 participaatge(range 18-79 years) using magnetic
resonance imaging (MRI), significant reductiongiey matter with ageind=¢ = .49).
Although Good et al. (2001) found that overall wembatter volumes did not decrease as a

function of age, regional losses were found in tabwhite matter and in the posterior
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Figure 2.2. Schematic of white matter changes thestifespan.
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internal capsule. However, again it is not knowmwmoany participants feature in the later
decades. Salat et al. (2005) employed diffusioedeimaging (DTI) to assess white
matter as decreases in myelin and changes iriistste are found with ageing. Salat et al.
(2005) found a strong relationship between fraeti@misotropy, a measure of the
structure of white matter derived from the patteirfiow of water molecules along tracts,
and ageingr(= -.75), with significant differences in white rtetmicrostructure between
younger and middle aged and older adults. Supmpttie findings of Good et al. (2001),
regional differences in myelin degeneration weranfbin the frontal white matter,

posterior internal capsule and the genu of theugallosum (Salat et al., 2005).

Widespread neuronal loss has been a prevailing@eapbn for grey matter losses in later

life (e.g. Coleman & Flood, 1987). However, Mornisand Hof (1997) reviewed the
evidence for this hypothesis and concluded thaihggeas not characterised by significant
neuronal loss. In addition, Scheff, Price and Sp§Pk01) focused on synaptic density in
the superior-middle frontal cortex and did not fendecrease in synapses between the ages
of 20-89 years. Scheff et al. (2001) further inigeged the relationship between synaptic
density and the later age groups (50-89 years)again, did not find a significant

decrease in synaptic volumes in these older agggrdNevertheless, there is some
consensus that one of the features of ageing eésedse in total brain volume (Raz, 2000,
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2004; Resnick et al., 2003; Sohmiya et al., 20Bak (2004) reviewed MRI volumetric
studies and extended a previous extensive revia, (B000) by including data from
participants < 30 years and > 60 years. He fouatttie prefrontal cortex (PFC) displayed
the greatest reductions in grey matter with agéirg-.58), followed by the striatum € -
.47 for the caudate,= -.44 for the putamen), the temporal lokes ¢.35), the
hippocampusr(= -.34), the cerebellar hemispheres ¢.33) and the parahippocampal
gyrus € = -.27). Interestingly, the anterior cingulatewsyrwhich has been linked with a
number of cognitive functions including performameenitoring (e.g. Gehring & Knight,
2000), showed little change with ageimg=(-.17). Increases in cerebrospinal spaces have
also been found with ageing (Good et al., 2001; R8A0; Resnick et al., 2003; Sohmiya
et al., 2001), which may in part account for theomsistent findings of age-related
structural changes.

There are numerous possible factors which may ibutér to an explanation of these
neural changes. The distinction between grey antewimatter in MRI scans is not
straightforward, as there are a number of cellodemponents. For example, Paus (2005)
suggested that as much as one third of grey niepixels (‘voxels’) will show a white
matter signal. Secondly, the reduction in grey eraarlier in the lifespan is considered to
correspond with the normal, adaptive process o&gtya pruning rather than the processes
of cell death (Paus, 2005; Sowell et al., 2003; &bet al., 1999; Sowell et al., 2001;
Sowell et al., 2002). An alternative explanationtfte decreases in grey matter in late
adolescence is that the axons within layers V ahdfthe cortex become myelinated, thus
white matter proportionally increases (Paus, 2@hyell et al., 2003; Sowell et al., 1999;
Sowell et al., 2001; Sowell et al., 2002). Altholggime studies (e.g. Scheff et al., 2001)
suggest that there is not widespread synaptic antbnal loss in later life, gross structural
atrophy does appear to be a feature of ageingmeydbe related to cell shrinkage and
myelin degeneration (Raz, 2004). However, drawunchsconclusions from cross-sectional
studies is not without difficulties; age and coheffects, and variable methodologies,
measurement techniques, and statistical approachesll confound interpretation. Cross-
sectional studies provide percentage differencesdsn different age groups, but cannot
inform on age-related changes. Conversely, longialdtudies place high demand upon
participants, and are subject to high rates oitiatty reducing statistical power.
Longitudinal study participants may also represeselect group within society (Raz,
2004).
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In summary, the brain continues to develop and ghdrom gestation throughout the
lifespan. Grey matter increases in a non-linegjipraally specific pattern until adolescence
and then decreases. Conversely, white matter a@dito increase in a linear manner and
is maximal during middle age after which it decesasn addition to the gross structural
changes found in ageing, a number of neuropathedagyie also features of ageing; white
matter hyperintensities (WMH; Deary, Leaper, Murr@taff & Whalley, 2003), neuritic
plaques and neurofibrillary tangles (Anderton, 20@2rrison & Hof, 1997, 2003), and
argyrophilic grains (Keller, 2005). However, thegence of neuropathologies significantly
varies within the older adult population. Raz (208dggested that other neurochemical,
hormonal and disease factors should also be comsidas the interaction between the
various factors may contribute to the cognitivef@enance declines found in later life,
particularly as the gross structural changes addoum small proportion of the variance in
cognitive performance (Raz, 2004). More recent@&wig reviewed by Raz and Rodrigue
(2006) found that aerobic exercise had a proteeétifect on cognition in ageing, whereas
estrogen which had been thought to be a protebtymone, may interact with
inflammatory processes and lead to poorer memargtioning and smaller hippocampal
volumes (Raz & Rodrigue, 2006). This literaturstifl in its infancy and time will
undoubtedly lead to a greater clarification of plessible moderating roles of ageing
related systemic illness (e.g. cardiovascular ds@md hypertension), life style, and

medications on neural and cognitive functioninggeing.

2.5. Overview of Cognitive Development over theekipan, and its relation to Brain

Development.

The development of cognition is accelerated indtlobd, remains relatively stable
throughout adult life, with progressive, but graldiecline with senescence (Craik &
Bialystok, 2006). However, as with neuropatholdpgre is significant inter-individual
variation in cognitive abilities, particularly iater life. Although a number of theorists
have posited that cognitive development is closeligted to the development of the brain
in childhood (e.g. Fischer & Silvern, 1985; Hebb49, Luria, 1973), the exact neural
basis of cognition is not established, and anyticeiahip between different brain structures

and cognitive functions is likely to be highly colep. In older adults there is little
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evidence to relate gradual decline in neural fumctvith that of cognition. Hebb (1949)
stated that larger neural networks are requiredhilidhood to process the vast amount of
information that has to be learned efficiently dgrthis time. Thus, greater IQ may be
expected to correlate with brain size. Howevernmaturity, the brain is composed of a
smaller number of more efficiently working networks brain volume is not necessarily
the foundation of greater 1Q in adults; this mastlgaaccount for the lack of strong
correlations between brain structure and cognftimetion in older adults. Studies utilising
structural MRI data are reviewed first, followed $tydies of functional brain imaging

(e.g. functional magnetic resonance imaging: fMRisitron emission tomography: PET).

2.5.1. Studies based on Structural Brain Imaging.

Reiss, Abrams, Singer, Ross and Denckla (1996)dohat 1Q increased with cerebral
volume R = .21) during late childhood, reached a platealithereafter decreased: the
largest volumes were found in those aged 10.6 %&a®s and 10.7 + 2.8 years (females
and males, respectively). After controlling for agel gender, only prefrontal grey matter
volume was a significant predictor of IQ (Reisglet1996). Sowell et al. (2004), using a
cross-sequential design with a sample aged 5 eafisywith a 2 year interval, found
improvements in vocabulary were significantly rethto grey matter thinning in the left
lateral dorsal frontal and left lateral parietagioas. Whilst Nagy, Westerberg and
Klingberg (2004) found significant relationshipgween white matter and visuo-spatial
working memory in the left superior fronto-parietagion ¢ = .54), left inferior frontal
region ¢ = .55), corpus callosum € .58), and left temporo-occipital region<.58) in a
sample aged 7.8 - 18.5 years. White matter indfiegdmporal region significantly
correlated with reading ability € .44). Nagy et al. (2004) suggested that the raaitun of
white matter increases conduction speed: functimnpfovements are dependent on
increased efficiency of neural transmissions. Mecently, Mabbott, Noseworthy,

Bouffet, Laughlin and Rockel (2006) employed hiehacal regression analyses to separate
the effects of age and white matter maturatioomaasured by fractional anisotropy, on
information processing speed in a sample of 177 §ekr olds. These authors found white
matter maturity in the right frontal, right tempbead frontal-parietal regions uniquely
contributed to visual-spatial searchii® € .81, .81, .79, right frontal, right frontal-petal

and right temporal regions, respectively), indicgtihat white matter maturity rather than
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age per se was associated with improvements irepsotg speed. Hogan, Vargha-
Khadem, Kirkham and Baldewag (2005) suggestedésatperformance was more
dependent on the increasiefjiciencyof neural networks during adolescence than onsgros
structural changes which were likely to be limitgdthis time. It is likely that increased
efficiency is related to the increases in myeliortia process that allows for improved
connectivity and communication between neural abiem(Paus, 2005), suggesting that
the functional integrity of white matter contribat® cognitive functioning (see also
Mabbott et al., 2006). Of note, Menon, Boyett-Arsder and Reiss (2005) found a
significant reduction in activation in the left maidemporal lobe (MTL) with ageRé =
.52), and significant increases in white mattemamtivity between the left entorhinal
cortex and the left dorsolateral PR € .57), supporting the suggestions of Nagy et al.
(2004) and Hogan et al. (2005).

Research into age-related changes in cognitiomyipésally focused on childhood,
adolescence and later life, due to the dynamicitegrand neural changes occurring
particularly during these ages. Although therecagnitive and neural changes in middle
age (e.g. Salat et al., 2005; Schroeder & Salth@@®; see also Figures 2.1 and 2.2), it is
not a period of great change. It is possible thairder to obtain significant correlations,
many authors have focused on the periods in wihietetare considerable cognitive and
neural changes, namely childhood, adolescenceaaadlife; and perhaps that a lack of
positive correlations may have limited the drive pablication of data from the middle age
groups. However, there are some data availablexample, Schroeder and Salthouse
(2004) found that memory, spatial awareness argbréiag were relatively stable until age
35 and then decreased, whereas vocabulary increaedge, in an aggregated sample of
5391 participants. Annual rates of change (standawthtion units) of -.02 and -.02 for
memory and spatial awareness/reasoning respectwelan increase of .05 for vocabulary
were found. Schroeder and Salthouse (2004) sughtsteincreased knowledge may
counteract the declines found in other aspect®ghition. However, it was not clear how
this might work, and the relationship with undemkyibrain function was neither

investigated nor implied.

Although a range of cognitive functions may be ¢ased with age, there is also a
significant proportion of older adults who do n&play decline in memory or other
cognitive abilities (e.g. Collie et al., 2001; Sty Newell, Brady, Hedley-White & Perls,
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2002; Snowdon, 1997). Raz, Gunning-Dixon, Head,Usipnd Acker (1998) investigated
the neural bases of cognition in a sample aged7I8years, and found that perseverative
errors and responses on the Wisconsin Card Sartielg (WCST) increased with age<
.40 and .40, respectively), and performance orother measures (e.g. listening span,
spatial relations test, paired associate leartiimg patterns recognition test and word-stem
completion) decreased (range -.49 to -.21). The increases in WCST persevamnatiere
correlated with volume decreases in the PFC, limahit visual cortices E -.42, -.23, -

.29, respectively), volume decreases in these msgtso correlated with nonverbal
working memory ( = .29, .21, .33, respectively). Better explicitnmerbal memory
performance was associated with larger PFC andhtsutex volumesr(= .20 and .21,
respectively), and verbal working memory perfornewnith PFC, limbic cortex and
inferior parietal lobe volumes € .27, .21, .20, respectively). In summary, alaswees
suggest a relationship between poorer performamdeeuced volume of brain structures.
In a follow-up analysis with participants aged 60ygars, limbic cortex volume was
positively associated with explicit verbal and nerbal memory performance £ .44 and
.66, respectively), again suggesting that bettefiopmance was associated with larger
brain volume. In another study, Van Petten et28l04) did not find any correlations
between tests of executive function and frontay gnatter; although white matter
hyperintensities (WMH; micro lesions) predicted 8%éhe variance in executive
functioning, and this is compatible with the vidvat changes in the brain are associated
with changes in cognitive function. Neverthelesbgofactors undoubtedly impact on
executive functioning as indicated by the large ami@f variance not accounted for. For
example, there may be decline in cognitive dom#iascontribute to executive
functioning, such as memory. Interestingly, howevtm Petten et al. (2004) found
negative correlations between memory scores antéthgoral cortexr(= -.33) and the
middle frontal gyrus bilaterally (= -.42), indicating that smaller volumes were assted
with betterperformance. These authors suggested that theaddé brain is an
accumulation of developmental processes and nebazges, and memory ability in later
life may be more dependent on the effectivenessigiifetime process, than on the
current structure of the brain. Van Petten et20108) further suggested that white matter
changes may be more related to cognitive decline td reductions in cortical
connectivity. In support, O’Sullivan et al. (20Gbund that ageing was associated with
disruptions in white matter structure, and thatdtractural integrity of white matter in the

anterior regions was significantly correlated vattentional set-shifting and executive
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functioning ¢ = .61) and the mid-brain regions with verbal flogir = .61). Moreover,
these correlations based on white matter volun® @re generally stronger than those

based on grey matter volume (described above: o).

More recent studies of white matter in ageing hasexd diffusion tensor imaging (DTI) to
offer a measure of mean diffusivity, which indicatee degree of water diffusion in any
direction, and complements fractional anisotropf)(Fa measure of the directionality of
the flow of water along white matter tracts. Higlédfusivity values and lower FA values
may reflect greater atrophy (e.g. Kochunov et28lQ7). Charlton et al. (2007) found that
between the ages of 50 and 8G=(99), FA significantly decreased in anterior, nieand
posterior white matter, whilst mean diffusivity sificantly increased. Working memaory,
executive function and processing speed were alsadfto decrease with increasing age.
Each measure of white matter integrity in eachaegignificantly correlated with each of
the cognitive domains. However, once age and preichd® had been controlled for, only
the correlations with working memory remained digant (FA:r = .29, .20, middle and
posterior regions respectively; mean diffusivity -.30, -.24, -.26, anterior, middle and

posterior regions, respectively).

Charlton et al. (2007) suggested that their findiagpport the “disconnection” hypothesis,
the view that age-related changes and disruptiomsite matter structure and tracts
contribute to cognitive decline. Investigation bisthypothesis has been further facilitated
by multiple measures of white matter integrity. Egample, Deary et al. (2006) included
FA, mean diffusivity and magnetisation transfefa@TR), a measure of the degree of
saturation of the water molecules, further to as#es relationship between white matter
and cognition. The sampla € 40, mean age 83) were a subgroup of particifams the
Scottish Mental Survey of 1932, an initiative cdiyely to assess all Scottish school
children at age 11. This study, therefore, assessedder adult population for whom
information about level of cognitive function dugichildhood was available. Participants
repeated the original cognitive tests alongsideemnecently standardised
neuropsychological assessments; thus the studpavdly longitudinal and partly cross-
sectional. The study also found reduced FA and Mmn&increased mean diffusivity with
age, corresponding with the study by Charlton e28107). Interestingly, only letter-
number sequencing and verbal fluency were cormhlatth mean diffusivity, and choice

reaction time variability (standard deviation: SEh FA in the frontal regions. However,
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mean diffusivity and FA in the centrum semiovaleeveelated to a wider range of
cognitive functions: letter-number sequencing, aéfluency and general cognitive ability
with mean diffusivity; and age 11 1Q, NART, MMSEa®n Matrices, letter-number
sequencing, verbal fluency, digit symbol, geneagjritive ability, simple choice reaction
time and SD and choice reaction time correlateti WA. No correlations were found
between any measure of cognitive ability and MTRe &uthors concluded that the
coherence and organisation of the white mattetdr@s measured by mean diffusivity and
FA) was more associated with cognitive functioniingn volume of myelin (as measured
by MTR). Furthermore, a path analysis was conduictegtigating possible factors
influencing cognitive ability at age 83. A direedationship was found between 1Q at age
11 and mental ability at age 83. Processing spestiated the relationship between FA in
the centrum semiovale and cognition at age 83catilig that white matter integrity
influences the efficiency of cognitive processimgpich in turn improves cognitive
function. These findings offer support for the whanection” hypothesis, and also have
the potential to provide a specific explanationtfog deficit in processing speed commonly

found in older adults.

The relationship between WMH and cognitive funcsitias received greater attention,
probably as these lesions may be seen on a MR1i bean and do not require the
sophisticated sequences of DTI. In a review, Gugiiliixon and Raz (2000) found that a
greater number of WMH correlated significantly wtborer performance on tests of
executive function, ‘global’ functioning, procesgispeed, delayed memory and
immediate-recent memory € .30, .22, .22, .20, .12, respectively), butwih fluid and
crystallised intelligence, or motor function. Theesgth of association was smalk(.3),
suggesting that other factors may also accouref@i of cognitive function (e.g.
educational level may be a better predictor thanhV8oderlund et al., 2006), but it has
been robustly demonstrated. For example, De Graadt €£000) also found that
periventricular WMH were significantly correlatedtivdecreases in memory, cognitive
functioning and psychomotor speed in a large sawipl®77 participants aged 60-90
years. Interestingly, subcortical WMH were not fdua influence cognition (De Groot et
al., 2000). Periventricular WMH disrupt the maiadis between different cortical regions,
whereas subcortical WMH affect shorter connectionisng grey matter regions within
the basal ganglia, and also affect short and lastgmce connections between cortical to

subcortical regions, indicating that cognition mayise widespread cortical circuits. Even
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within cortical regions, differential effects of WHVlon cognition have been found. Deep
(medial) WMH were correlated with decreases in seqing abilities and semantic
memory ( = .29 and -.29, respectively), and periventricMAvIH with decreases in
sequencing abilities and abstract reasoning.B3 and -.33, respectively; Cook et al.,
2002). WMH in both deep and periventricular regiomese associated with reduced
connectivity in rolandic networks, with negativegact on attention and processing speed
(Cook et al., 2002).

In summary, significant age-related changes imsauctures are related to cognitive
performance. In older adulthood, volume reductionthe PFC and limbic cortex have
been specifically associated with memory declif&z(et al., 1998). Conversely, smaller
volumes of the temporal cortex and middle frontalg bilaterally have also been linked
with better memory performance (Van Petten e28l04). This indicates considerable
complexity in the relationship between brain fuastand behaviour when age is taken into
account. White matter lesions have also been agsdcivith decline in several cognitive
domains, providing support for the view that cogmtis also supported by the

connectivity between different neural regions.

2.5.2. Studies based on Functional Brain Imaging.

Functional neuroimaging studies allow for a dir@gssociation between structure and
function. Such studies have found different patterhactivation between older and
younger adults in a range of cognitive domains az 2000, for a review), suggesting
that brain regions and networks are used diffeyémtlyounger and older adults. Perhaps
the most frequently cited example of this is iratiein to frontal lobe memory function.
Neuroimaging studies of episodic memory in youraghrlts have found lateralised
activations: encoding is associated with left PE@vation and retrieval with right PFC
activation (Nyberg, Cabeza & Tulving, 1996). Howe\ve older adults, there is
symmetrical activation of the PFC during episodemmory tasks. In an update to the
hemispheric encoding/retrieval asymmetry (HERA) eidqtlyberg et al., 1996), Cabeza
(2002) presented the hemispheric asymmetry redustiolder adults (HAROLD) model
to account for the evidence that patterns of attiman older adults in a range of cognitive

tasks are less lateralised than in younger adults.
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A lack of lateralisation of function is also a few of childhood cognition (see Hogan,
Kirkham & Issacs, 2000), suggesting that latefe ks in early life, there is less division
of function between the two hemispheres. HoweWerne is no evidence to suggest that
this is due to a similar process in each age grohpre are a number of possible
explanations for this finding in older adults, mding global re-organisation of networks,
the activation of compensatory mechanisms andda-differentiation of functioning.
Indeed, recruitment of additional neural networksyrhe necessary to compensate for
increasingly limited attentional resources, redutdiin processing speed and the
breakdown of inhibitory processes (Cabeza, 2002th Yégard to the HAROLD model,
Tisserand, Mcintosh, van der Veen, Backes andsJ(®@05) found that older adults had
activation in the same areas during recognitionamed to younger adults (prefrontal,
premotor, lateral and medial temporal regions)ujgpert encoding, but to the detriment of
recognition task performance. Rajah and D’Espq&i@®5) also found similar regions of
activation during episodic memory tasks in botreoland younger adults. These authors
concluded that, despite regionally specific agatesl changes, global PFC functioning
remained relatively stable with ageing. It is pbksihat those areas of the brain that are
particularly important for maintaining higher cotimé function are preferentially ‘spared’
at the expense of other areas. In support of typsthesis, Persson et al. (2006) found a
negative correlatiorr (= -.39) between the structure of the anterior gsrgallosum and
activation in the right ventral PFC during an egisanemory task, in 20 older adults with
stable memory performanckl @ge 66.1, 5.7 SD) and 20 older adults with memory
decline, as assessed using longitudinal ddtade 65.3, 7.1 SD). This correlation
indicated that lower FA in the genu (indicativeaofeduction in the integrity of white
matter) was related to increased activation inrRR€, which suggested that the increase in
the signal may be a response to the structuralggsafound in the corpus callosum.
Furthermore, Persson et al. (2006) found that kther @dults with memory decline
compared to older adults without memory decline inatkased areas of activation in the
left PFC during semantic categorisation. This paesifurther support for the proposition
that greater frontal activation may be a respoastrtictural changes; in the case of the
Persson study greater frontal activation may haenla reaction to decreased
hippocampal volume (measured by manual tracing)d@edeased anterior corpus
callosum volume (measured by fractional anisotropyliffusion tensor imaging) (Persson

et al, 2006). Taken together, the results fronftinetional imaging studies indicate that,
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despite age-related changes in the structure dirtia, there is evidence of greater

functional recruitment of brain areas, which maycbmpensatory (cf. Cabeza, 2002).

2.5.3. Summary of the Effects of Ageing on Brain &wognition.

The considerable variation in cognitive performaand neuropathologies in later life
contributed to the development of the cognitiveeres hypothesis, the proposition that
there is a variable ‘cognitive reserve’, and thaiager reserve has a protective function
against cognitive decline in later life (see St@®03). The increases in functional
activation in ageing have been suggested to be ensapory (Cabeza, 2002), and may
provide the neural correlates of cognitive reseH@wvever, it can be problematic to
operationalise cognitive reserve, and a numbeiffa@rdnt methods have been employed
such as: reading ability; early life idea densitygd, the National Adult Reading Test
(Richards & Sacker, 2003; Riley, Snowdon, DesraesgeMarkesbury, 2005; Spitznagel &
Tremont, 2004). More recent evidence has challetigedognitive reserve hypothesis.
Christensen et al. (2007) examined brain atrophiyHVlevels of education, intelligence,
creativity, and estimated cognitive decline in empke of 446 adults aged 60-64 years. The
study did not find any evidence that estimated d¢ogndecline was related to atrophy and
WMH, nor that education, intelligence or creativitypvided protection from estimated

cognitive decline in those older adults with sigraht atrophy.

Ageing is associated with decline in a number gnttive domains; however, there is
variability in the presentation and degree of sdefficit’. The cognitive domains that
decline with age are those considered to rely meavily on the frontal lobes (Moscovitch
& Winocur, 1995; Fuster, 1989), suggesting thatidean cognition may in part be
explained by alteration in the functional integmtfythe frontal lobes (see West, 1996). The
limited strength of the relationships between cbigniand indices of frontal lobe change
nevertheless indicate that other factors undouptsattribute to the deficits found in
ageing. A decline in the integrity of white mattexcts has been linked with cognitive
deficits (O’Sullivan et al., 2001), and WMH havesbdound to affect cognitive domains,
such as processing speed and executive functig@ingning-Dixon & Raz, 2000). White
matter degeneration and WMH have been found teelade with reductions in processing
speed, and the HAROLD model suggests that theitewnt of additional regions in task

performance may counteract the reduction in pracgspeed found in older adults.
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Reductions in the volumes of other neural strustared systems have also been linked
with ageing. For example, the volume of the caudatdines with age, and Rubin (1999)
suggested that the resulting disruption of thetlbstriatal network may account for the
declines in inhibitory processes, processing sjp@edexecutive functions. Moreover,
Erixon-Lindroth et al. (2005) found that cognitiglecline in ageing was mediated by
reductions in the striatal dopamine transportetesygssupporting the view that the
integrity of neural networks is fundamental to ctige functioning. A number of

cognitive factors have been found to account fgmificant age-related variance in task
performance, for example, processing speed (s¢eoBak, 1996) and general intellectual
function (see Rabbitt, Lowe & Shilling, 2001). Atthgh the neuroanatomical correlates of
general intellectual function have not been widelyestigated, it is highly probable that
such a complex construct will involve the interantof numerous neural assemblies and
pathways. Deary et g2003) found that WM and periventricular lesions@amted for

14.4% of the variance in general cognitive abilityris sample of older adults.

In summary, cognition across the lifespan is depahdn the functional integrity of neural
assemblies and their connective networks. The dpuatnt of cognition in childhood and
adolescence depends on the development and maidificd neural networks and changes
in the structure of cortical regions (e.g. Sowekle 2004). Cognitive ageing is associated
with multiple structural and functional changes &nd likely that the combined effects of
these changes, in addition to alterations in neamsmmitter systems, may contribute to the

deficits in cognition found in later life (Bucknet004).

2.6. Awareness and Ageing.

In the previous chapter a range of conceptualisatimodels and definitions of awareness
were presented. One of the limitations was thaethad been little empirical investigation
of these models. Particularly important for thesgra discussion of possible change in
awareness with ageing, is that few studies havaded older adult control samples (but
see Eslinger et al., 2005). It is clear, howevst there is significant decline in both brain
and cognitive function with ageing. The metameniieyature has employed age as a
guasi-experimental variable, and a large bodytefdiure exists investigating processes
involved in awareness and ageing. Following théere\wf this metamemory literature,

will be a return to the Hierarchies of Processimgal (HoP; Stuss et al., 2001), in order to
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explore the extent to which awareness might coetinufunction, despite change in one or

more of its component processes and/or levels.

2.6.1. Metamemory and Ageing.

The metacognitive literature has predominantly ésclion metamemory in ageing, as
memory functioning is one of the cognitive domawtsch has been shown to decline with
age. An extensive literature investigating metamgmaod ageing has examined the
hypothesis that age-related differences in metarmgomuerlie age-related changes in
memory performance. However, there has been dttipirical support for this proposition
(see Hertzog & Hultsch, 2000, for a review), indilcg that the relationship between the
metamemory dimensions, memory functioning and apisicomplex. The literature has
identified a number of processes involved in awessrihat are less effective in ageing.
The findings of these studies provide supportiiergroposition that different types of
awareness are differentially affected with age.

2.6.1.1. Feeling-of-Knowing and Ageing.

Recent studies have employed the feeling-of-knoWH@K) paradigm to investigate
memory monitoring and its accuracy in ageing. TOKmparadigm requires participants to
make a judgement about the likelihood that they medall study stimuli prior to a
recognition task. The accuracy of the FOK judgeneetypically assessed with a gamma
correlation; the strength of the relationship betwéhe FOK judgement and actual
recognition performance. The gamma correlatiomigw&requently applied statistical tool,
defined as a simple symmetric correlation that duescorrect for tied ranks
(www.nyu.edu/its/statistics/Docs/correlate.htriilhe greater the gamma correlation, the
closer the judgement of recall is to actual perfamoe. Therefore, the gamma correlation
is also a measure of the accuracy of the FOK judgenstudies have found that the
accuracy of FOK judgements and actual performaraeraduced in older adults (62 older
adults aged 61-89 years, 40 younger adults, age 3@ars; Perrotin et al., 2005;
Souchay & Isingrini, 2004; 41 older adults agedd®0years, 20 younger adults aged 20-32

years; Souchay et al., 2000). These results irelibait older adults are less accurate in

57



their estimations of their ability to recognisedststimuli. Accuracy of judgements is
related to awareness of memory functioning, ansltihs been shown to be reduced with
ageing. However, executive functioning was foumdhediate the age-related differences
in FOK judgements (Perrotin et al., 2005; Souchaal.e2000), whilst processing speed
mediated the age-related differences in recallr(@eret al., 2005). Souchay and Isingrini
(2004) investigated the role of self-paced stutheton FOK judgements and recall
performance with 24 older adults aged 56-96 yeaas?28 younger adults aged 20-31
years. The design of the study provided two reesali phases, one with the FOK
judgements and one after a self-paced study stiagesame word pair stimuli were
employed for both recall tasks. Both groups hadrawed performance after self-paced
study time. Younger adults, however, had signifiagreater recall than older adults for
the second recall task. Although there was no idiffee between the groups in the amount
of self-paced study time, there was an age-reldiféetence in the amount of time given to
the study of non-recalled words in the first retadlk, indicating that older adults were less
effective in their use of self-paced study timemgrove their performance. The authors
concluded that older adults had reduced awareridgsioto utilise self-paced study time

to improve performance.

2.6.1.2. Judgements-of-Learning and Ageing.

The judgements-of-learning (JOL) paradigm is simitathe FOK paradigm in that
participants are required to make a confidencegouant about their likelihood of
recalling stimuli. Connor et al. (1997) investightege-related effects on JOL in three
experiments involving immediate and delayed JOkdcoy either a single stimulus word
from a paired-associate task, or from the stimubsponse word pair (older adultss 34,
mean age 71.1.years= 78, mean age 69.4 years arw 34, mean age 65.5 years,
younger adultsn = 60, mean age 20.2 yeans; 80, mean age 21.0,= 30, mean age 20.1
years, experiments 1, 2 and 3, respectively). Aalthily, they recorded global predictions
and item-by-item predictions of recall performantiee second and third experiments
involved minor changes in design: two exposureth@fvord pairs and instruction of
strategy use for recall (Study 2), and stimuluy @nies for the JOL, instruction for
strategy use and postdictions of performance (SB)din all three studies older adults had

significantly lower recall. Recall was greater iims with a delayed JOL, and older
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adults predicted lower recall before study, witlthbgroups lowering their predictions after
study. However, only older adults significantly lened their predictions after study.
Younger adults were more accurate in their globadiigtions, whilst the older adults
overestimated their recall performance. Mean J@ihga found that younger adults
accurately predicted their higher proportion ofreot recall. However, in Study 2, there
were no age differences in global predictions, Wiy be due to the repetition of the
word pairs in this study, in that prediction of fpemance may have been influenced by
their confidence of recall. In Study 3, older adw@gain made initial lower global
predictions of performance, and again lowered thiesdictions after study, whereas the
younger adults provided the same predictions befodeafter study, but increased their
postdictions to correspond with actual performaft® correlations between actual recall
performance and postdiction were significant (.68, .92, .92, .80 and .80, older and
younger adults for experiments 1, 2 and 3), anchdiddiffer between age groups. In
summary, the findings indicate that awarenessaexied by accuracy of mean JOL ratings
did not differ between age groups. JOL were useddizate the correspondence between
confidence of recall and actual recall. Simplyedablder adults were able to revise their
predictions after study indicating an awarenegb@if assessment of their memory
capabilities. Notwithstanding this generally postoutcome, some effects of ageing were
found indicating a degree of inaccuracy in theiaeemess of their level of memory

functioning.

2.6.1.3. Memory Monitoring and Ageing.

The metamemory literature has also employed priedsbf performance as an index of
memory monitoring in ageing (e.g. Ansell & Buck808; Bieman-Copland & Charness,
1994; Hertzog, Dixon & Hultsch, 1990; Rabbitt & Admg 1991). Bieman-Copland and
Charness (1994) found differential age-relatedotffen memory monitoring in two trials
of word recall tasks with three types of experinaénties (letter, rhyme and meaning) in a
sample of 36 older adults aged 59-79 years and86ger adults aged 18-28 years. There
were no significant age differences in the prediddifor both of the trials of each of the
cue types. However, there were age-related dift®m the accuracy of the predictions:
older adults significantly overestimated their pemiance with letter and rhyme cues, but

accurately predicted their performance with meacungs, indicating that overestimation
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only occurs for some stimuli in older adults. Whilsunger adults also significantly
overestimated their performance with rhyme cuesy tinderestimated their performance
with meaning cues and accurately predicted thefopaance with letter cues.
Interestingly in the second trial, although oldéulés significantly reduced their
predictions on all cue types, their performance stdissignificantly worse for the letter
and rhyme cued word recall. Younger adults wereegingly accurate in their predictions
of performance in the second trial, decreasing tingime cue prediction and increasing
their prediction of meaning cued recall. Theseifigd indicate that older adults are able to
monitor their performance and adjust predictionsh@nbasis of previous test experience;
however, their predictions are still less accunaticating less effective monitoring
abilities. Ansell and Bucks (2006) gave three 10dists to healthy older adult controls
(n= 18, aged 61-89 years) and individuals with A3=(18, aged 66-88 years), and
compared predictions of performance prior to lisinng, post list viewing and actual
performance. Although the study investigated awessiin Alzheimer’s disease, it found
that the healthy older adult controls underestich#iteir performance in the first list, and
then overestimated their performance in the seemaicthird lists. However, the magnitude
of the difference between predictions and actudbpmance was very smalM(=-.61, .53
and .36, for the first, second and third list, exgjvely), indicating that older adults largely
were accurate in their predictions and that themtade of the difference in their accuracy
decreased over the lists.

The word lists utilised by Bieman-Copland and Cleae(1994) were much longer than in
the Ansell and Bucks (2006) study (54 and 45 wardst 1 and 2, respectively),
indicating that accuracy of predictions may beueficed by task demands. Moreover,
these data suggest that the updating of knowledgetanemory functioning is less

effective in older adults.

2.6.1.4. Metamemory Beliefs and Ageing.

Self-referent beliefs about memory have also beaameed. Self-referent beliefs are
beliefs about ageing, memory functioning and atggitowards memory change with age.
Such beliefs are typically assessed by metamemgstmpnnaires, for example the

Metamemory In Adulthood questionnaire (MIA; Dixdfultsch & Hertzog, 1988), and
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relationships with age and with predicted and dgqiggformance on cognitive tasks may
be explored. Hertzog et al. (1990) investigatedb®lperformance predictions of three
trials of word list and text recall tasks, with @it performance in a cross-section of 422
adults aged 22 -79 years. The study found that @ldelts predicted lower performance
for both word list and text recall than younger léglland had significantly reduced
performance, however, all groups underestimateid peeformance. The MIA subscales
Change and Capacity and the Frequency of Forgedtibgcale of the Memory
Functioning Questionnaire (MFQ); Gilewski, ZelingkiSchaie, 1990) converge to form a
memory self-efficacy factor, which was significantélated to each of the trial predictions
for both of the tasks. The study found that agkeBhces in predictions were mediated by
age differences in memory self-efficacy. Importgndlll age groups changed their
predictions towards their actual performance actiosgrials for the word recall task; there
were no age related differences in the accuragyetfictions. This study showed that
older adults were able to monitor their performaegeivalently to younger adults in the
word recall task, and therefore had an awarenefeofmemory performance across the
trials. Repetition of tasks may contribute andipalarly benefit older adults in the
monitoring of their performance; improvements iedgictions over trials were found in
both Ansell and Bucks (2006) and Bieman-Copland@narness (1994).

Self-referent beliefs of memory may also be asskelsgeneasuring subjective reports of
memory problems. Rabbitt and Abson (1991) founa §ample aged 50-79 years that
reports of functioning as measured by the Cogniaiures Questionnaire (CFQ;
Broadbent, Cooper, FitzGerald & Parkes, 1982) ak@Mvere not related either to
prediction or actual performance on a number ohdog tasks. Older adults
underestimated their performance on some cogrtgisies (picture recognition, digit span
and cumulative learning), while overestimating theErformance on others (free recall;
Rabbitt & Abson, 1991). The finding of overestinoatiof word recall is in contrast to the
Hertzog et al. (1990) result, but there were medhaglical differences between the studies.
In the Hertzog et al. (1990) study, participantsenaeformed of a typical, normative
performance, which may have influenced predictibfescertheless, both studies included
30 words in the free recall task, and the predistates were similar (12.2 and 14, Rabbitt
& Abson, 1991, and Hertzog et al., 1990, respelgtjv®Ilder adults in Rabbitt and Abson
(1991) recalled 8.32 words, whereas the averagd erformance in Hertzog et al.

(1990) was 17 words. Again, this difference mayasdly explained by methodology. In
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contrast to the Rabbitt and Abson (1991) studyHbeedzog et al. (1990) word lists were
composed of 6 words from five semantic categopessibly facilitating recall. These
studies are therefore important because they stitiggsage-related differences may be a
product of methodology employed. Moreover, the galtithe Hertzog et al. (1990) study
is in the evidence that, regardless of age, tapkrnce influenced predictions.
Specifically, prediction accuracy increased actoats, suggesting increasing awareness

of performance with task familiarity.

One potential criticism is that these studies ditlaognitively screen their samples, which
is now the convention in ageing studies (e.g. DeBagtin, Pattie, Clayden, Whalley, Starr
& Wardlaw, 2006). It is therefore reasonable tocsiete that memory impairments in the
Rabbitt and Abson (1991) sample may have accodatdtie low rate of recall. However,
although Weaver-Cargin, Maruff, Collie and Mast@806) found mild memory
impairment in 28% of a community based sample @éohdults (mean age 69.2 years),
there were no differences between groups (memapgirad and non-impaired) on
subjective reports of memory problems as measwaddoCFQ. This suggests that
memory complaints are not always relatedd¢tual memory impairments. In other words,
there may be a separation between how older a@eltsibout their cognitive capacities
and their assessment and understanding of theialgmerformance. In support, Rabbitt
and Abson (1991) found that affective factors, sagllepression and self-regard are more
related to predictions of cognitive functioningadlder adults, than their beliefs about their

memory.

The metamemory studies have extended our undenstpofithe processes involved in
awareness, but are limited by being cross-sectidied opportunity to examine how
awareness evolves or declines with age is limitgdimvsuch studies. Ageing has been
shown to be a time of progressive cognitive dedlgee Section 2.5, Chapter 2), and
longitudinal studies provide the opportunity toéstigate any change in awareness over
time. McDonald-Miszczak, Hertzog and Hultsch (19p6blished two longitudinal studies
of the stability and accuracy of metamemory in ageT he first study was conducted over
a two year period with 231 adults aged 22-78 yaadsthe second included 234 adults
aged 55-86 years over a six year period. Both ssuidiund that metamemory beliefs as
measured by metamemory questionnaires (MIA and Mi#p¥ stable across time. The

first study did not find any decline in memory merhance as assessed by word and text
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recall tasks. Interestingly, the second study fotlvad memory as measured by word, fact
and text recall tasks declined over six years hatlthis decline was related to the Change
subscale of the MIA, which measures perceptiorchahge (.16. .26 and .21 for word, fact
and text recall, respectively). The longer duratbfollow-up may have been necessary to
reveal significant change. Although these findiagggest that changes in actual memory
performance are related to perceived changes inameitine correlations, albeit

significant, are small (range= .13 to .28). Hertzog and Hultsch (2000) concluitheal

later review that self-referent beliefs may inflaerisubjective well-being and everyday
behaviour in cognitively demanding situations” 4p9), rather than being linked to actual

performance.

In conclusion, there are some differential ageteel@ffects on processes involved in
metamemory. The literature has provided evidenaedlder adults do differ in some
processes involved in monitoring, suggesting thatesaspects of awareness change with
ageing. The critical point may be that older adatts less accurate in their assessment of
their abilities; although there is evidence of uptnof self-assessment through
experience, studies have found that revisionstdkéess accurate in older adults
compared to younger adults. A number of variableslieen identified that may mediate
age-related differences in predictions, self-assess and performance, namely executive
functions, processing speed and memory self-efficihcemains unclear, however,
whether deficits in awareness processes founddier @dults have any significant

influences on their everyday functioning.

2.6.2. Hierarchies of Processing Model and Ageing.

As reviewed in Chapter 1, there are a variety oflet® of awareness developed from
different perspectives; however, there were linotag inherent in each of the models
reviewed. The psychological models (Cavanaugh, 198&ing, 1985) exclusively
considered awareness of memory functioning. Whildving’s (1985) conceptualisations
of autonoetic and noetic awareness have been wielstgd using behavioural and
neuroimaging techniques, both types of awarenassfatus on memory, in this case
memory retrieval. As shown in the metamemory litem, there are other types of

awareness, for example, performance monitoringclivhas been shown to be less
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effective in older adults (Bieman-Copland & Chamel994). Although testing separate
conceptualisations of awareness based on a nurhberdels is one way of investigating
potential age-effects on awareness, the HoP mgdstuss was selected for its potential to
generalise to memory and performance-monitoring,ienfocus on higher cognitive
(executive) functions. Additionally, some models ¢ overly complex (e.g. Clare,
2004b); include vague descriptions of awarenegs Reigatano & Johnson, 2003); and/or
do not describe interactions between differentsypleawareness (e.g. Cavanaugh, 1989).
Two neuropsychological models of awareness (AgneMdiris, 1998; Toglia & Kirk,

2000) have been tested (see Ansell & Bucks, 20@8h&n et al., 2005; O’Keefe et al.,
2007). However, both of these models assumes #sepce of clinically significant deficit
in awareness, and are therefore better at exptadigeases of awareness (e.g. dementia)
than normal, healthy ageing. Although the Stusd.€2001) model was developed to
account for deficits in awareness in patients Wwithin lesions, it fundamentally differs in
that there is no inherent presumption of impainedraness. The HoP model also provides
specific definitions of the processes underlyinffedent types of awareness, and promotes
the concept of interaction between levels of awesenThis made the HoP model

particularly suitable for an investigation of hégltgeing.

The HoP model (Stuss et al., 2001; see Figurei@eBlified neural regions and networks
involved in different types of awareness, with &igalar focus on the fundamental role of
the frontal lobes and their limbic system conneatiol he functioning of frontal lobe
networks is proposed to underlie Consistent Consciess and Self-Awareness, and has
been linked with executive functions. A significdoady of literature has shown that
ageing is associated with a reduction in the volofmée frontal lobes (bilateral frontal
grey and white matter, see Raz, 2000), and anasecenumber of white matter lesions
(Gunning-Dixon & Raz, 2000), causing structuragedtions and network disruptions. For
this reason, it is plausible to assume that sopects of awareness will be affected by
ageing.

Stuss et al. (2001) further proposed that eacH téwtbe model contained a number of
modules whose functioning supported the processedvied in the different types of
awareness. The processes within each level catidanindependently of other levels,
however, the ability of the modules to transmit aeckive input, to and from, higher and

lower levels, provides the connectivity betweendtiterent levels (see Figure 2.3). This
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inter-connectivity explains how deficits at onedégan be circumvented: other modules
within that level transmit neural activity to modslat higher and lower levels. The
description of neural pathways throughout the madebunts for the possibility of level-
specific deficits in awareness, whilst other typEawareness and their associated
processes remain functional. However, deficits mithach level may also constrain the
functioning of processes at other levels. One irtgmbrcaveat to be acknowledged with the
HoP model is that the description of the inter-aagtivity of the model provides an
explanation of how deficits may be both transmitted circumvented. This poses a
challenge for the empirical assessment of the maddboth null and significant results of

relationships between the levels are explainedbyriodel.

Figure. 2.3. The Hierarchies of Processing Modaapaed from Stuss et al., 2001).

‘ Self-awareness ‘

v v
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As shown in Figure 2.3, the lowest level of awassnia the model is Arousal, located
within the brain stem (reticular formation) andatek to the dimension from coma to
waking state. The second level, Sensorimotor Awesgresults from the processing of
sensory and bodily information in the posteriorioeg (association cortices) of the brain.

The final two levels of the model involve procegswithin the frontal lobes. Consistent
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Consciousness, at the third level, relies on exeediinctions and the ability to organise
sensory information underlying behaviour. At thghast level, accurate monitoring of the
self and personal abilities facilitates Self-Awagss, and is dependent on the inter-
connectivity of the frontal lobes with the limbigstem. The following section will discuss
evidence for assuming age-related impairments ausal, Sensorimotor functions,

Consistent Consciousness, and Self-Awareness.

The Arousal level of awareness is related to ‘Basinsciousness, from coma to waking
state. Between 30-50% of older adults report stkgfoirbances (Ohayon, 2002). In a large
study investigating normative sleep patterns iommunity-based sample of 1026
participants aged 60 years and over, Ohayon andhini (2005) found that 5% of the
sample haek 4% hours sleep per 24 hour period, whilst 25%flagr than 6 hours sleep.
Of this 5%, only 54.2% were satisfied with thegegh, and regression analyses found
higher levels of insomnia and excessive daytimepsiess were linked with 42 hours
sleep. Poor cognitive functioning as measured byQbgnitive Difficulties Scale was
associated with < 6 hours sleep per 24 hour pehiodontrast, in another community-
based sample of 375 participants aged 75-85 yBalsnutte, Harris, Levin, Zweig, Katz
and Lipton (2007) found that sleep onset latenc8(mins), rather than sleep duration,
after controlling for the effects of age, was ass®d with poorer performance on the
Wechsler Adult Intelligence Scale (WAIS) subtedtinformation, Vocabulary and Block
Design. Converging evidence for a relationship leewsleep and cognition has been
found using polysomnography. Reduced delta actiuithe PFC has been found in older
adults, indicative of poor recovery from sleep andical re-organisation, and was related
to decreased nonverbal planning and verbal fluahdities (Anderson & Horne, 2003).
These results indicate that sleep problems in @dalts impact on daytime cognitive
functioning, providing support for the HoP modal tihat problems at lower levels can be
transmitted to higher levels. More pertinently floe current thesis, these findings suggest
that some aspects of awareness may be compromisedhie older adults who are

assumed to be healthy.

The ‘cholinergic hypothesis’ proposes that the ¢cggand behavioural symptoms of AD
are a result of reductions in acetylcholine andabsebrain cholinergic neurons (Muir,
1997). Cholinergic neurons are located in the biasabrain, and project throughout the

cortex, the hippocampus and amygdala, and ardalsal in the pontomesencephalon,
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part of the reticular formation, projecting to thesal forebrain and thalamus (Woolf,
1997). There has been debate regarding the funetithe cholinergic system in arousal,
attention, and consciousness, due to its promingmoaghout the brain (e.g. Coull, 1998,
Perry & Perry, 1995; Perry, Walker, Grace & Peir§99; Woolf, 1997). Woolf (1997)
suggested that the vast connectivity of cholineagid monoaminergic neurons throughout
the brain underlies different states of arousaimfivaking through to higher cognitive
functions. In support, scopolamine, a muscarinbepéor antagonist, has been used
temporarily to block the cholinergic system, reisigiin cognitive deficits in healthy adult
participants (Vitiello et al., 1997). Scopolamireshalso been employed to induce states of
altered consciousness (see Perry & Perry, 1995).dRlktlies of acetylcholinesterase
(AChE), a marker of cholinergic uptake, in indivadsiwith AD, have found significant
reductions of AChE compared to controls, withoghgicant differences in the size of the
nucleus basalis of Meynert (Herholz et al., 20@4gnificant reductions of AChE
throughout the entire cerebral cortex, hippocangmngamygdala have also been found in
individuals with early-onset AD (Shinotoh et alo®). Dournaud, Delaere, Hauw and
Epelbaum (1995) found that reduced choline acatydiierase (ChAT) activity in the
middle frontal gyrus, supramarginal gyrus and tlygesior temporal gyrus was associated
with lower ‘global’ cognitive function as measuriey Blessed test scores. These results
indicate that cholinergic deficits contribute te ttognitive decline found in AD. However,
the extent of cholinergic system change with hgadidpeing is not clear. Most studies do
not demonstrate decrease in cholinergic activityrwormal ageing, however, they do
report doss of cholinergic receptors (e.g. Winblad, Ha8gckman & Nilsson, 1985).
Nevertheless, in support of the HoP model, theeawd from individuals with AD
indicates that impairments in the Arousal levehofreness, as measured by cholinergic
deficits, can impact on higher cognitive proces§dsnterest is the threshold over which

losses of acetylcholine become symptomatic.

In a series of studies, Falkenstein and collea(kielev, Falkenstein & Yordanova, 2006;
Falkenstein, Yordanova & Kolev, 2006; Yordanovald& Hohnsbein & Falkenstein,
2004a) investigated age-related slowing of inforamaprocessing and reaction times, with
simple and choice-reaction speeded tasks in ayditaal visual modalities, and the
associated electrophysiological components of $timprocessing (P1, N1 and P3),
response selection (lateralised readiness potebR&t) and motor-related processing

(motor-related potential: MRP). Although these s#gdlo not directly relate to the HoP
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model, the separation of sensorimotor performantmed simple and a more complex task
facilitates an investigation of sensory processing the organisation of information
underlying behaviour, which correspond with Lev&ksnd 3 of the model (Stuss et al.,
2001). The results of the studies were similahat blder adults (all studies= 14,M

Age 58.3, SE + 2.1) had slower RTs in the more derphoice-reaction task (CRT)
compared to the younger adults (all studres:13,M Age 22.5, SE £ 1.5). However, in
the simple-reaction task (SRT) both groups had @aige response times, with
equivalent error rates in both paradigms (Kolealgt2006; Falkenstein et al., 2006;
Yordanova et al., 2004a). Early sensory processisgidexed by the N1 and P1, was not
affected by age. However, the P3 in the CRT (P3nedent in SRT waveforms), was both
attenuated and delayed in the older adults. Tleadgtof the P3 peak was also longer than
RT, indicating a distinction between the cognitarel motor aspects of complex task
performance. Again, there were no age differenceélse LRPs, indicating that response
selection was equivalent across groups. Of nots,thsignificant increase in MRP
amplitudes in older adults in the CRT, but not&#&T, with longer MRP latency
compared with younger adults. These results inditait the behavioural slowing
commonly found in older adults originates in thegmtion of the motor response
(Yordanova et al., 2004a), and that age-relatedisfpmay be specific to complex tasks,
rather than differences in sensory processing (Ketal., 2006). With regard to the HoP
model, these results indicate that while some dspéSensorimotor Awareness may be
intact (e.qg. initial sensory processing of inforima} with ageing, processing at a higher

level may be constrained (e.g. attentional proogsand motor response generation).

The third and fourth levels of the model rely oa tanctional integrity of the frontal lobes
(Stuss et al., 2001), with Consistent Conscioushes®y associated with executive
functions and Self-Awareness with monitoring of sedf and personal abilities. As
discussed in Section 2.5 of this chapter, execttigetion impairments and frontal lobe
changes can be a feature of increasing age, suggésat Consistent Consciousness may
be affected by ageing. The metamemory literatuge &ection 2.6.1), has also indicated
age-related impairments in some aspects of selfeaeas, for example, overestimation of
cognitive abilities indicates a deficit in self-mtaming. A diverse but converging literature
has indicated support for an application of the Haftlel (Stuss et al., 2001) to
investigating different types of awareness in agekgeing may be related to deficits in

Arousal, as indexed by quality of sleep, but wittact Sensorimotor Awareness, as
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indicated by Falkenstein and his colleagues. Howeé¥ensistent Consciousness and Self-
Awareness may also be impaired with age, possiléytd the structural and functional
changes found within the frontal lobes with incregsage. The description of the inter-
connectivity of the modules involved in each levkethe model provides an explanation
for how lower level deficits may influence highewels, but also how impairments can be
circumvented (see Figure 2.3). At the same timeh sudescription makes it hard to test
the model empirically. For example, if deficitsoate level are related to deficits at a higher
level, support is found for inter-connectivity dietmodel. However, if deficits are not
related to higher level measures, the model maylassupported because it proposes
circumvention by unaffected intra-connected mod(iles not all modules within a level
are damaged). Moreover, there is a lack evidencelate these levels of awareness to
brain function. Such studies are necessary to geosmpirical support that the ageing

brain is associated with alterations in awareness.

The previous section has argued for the applid¢glmfithe HoP model to an investigation
of different types of awareness in healthy agekgg differences in the processes
underlying three types of awareness were assesdbis ithesis. It was assumed that
Arousal would be functional in awake participarksrefore this level was not
experimentally assessed. The second level of awassgi$ensorimotor Awareness) was
operationalised using a novelty auditory oddbalPHfaradigm. The rationale was that this
type of awareness involves the processing of lssisory information. The oddball
paradigm employed elicits ERP components showre teelnsitive to initial attentional
capture (N1) and of later, more controlled, attamdi processing (P3). These components
are well-documented measures of sensory informatiooessing in the brain (see Chapter
4). Consistent Consciousness refers to the albdibrganise sensory information
underlying behaviour and relies on executive flomi The term executive functioning
encompasses a broad range of cognitive functiarigding attention, working memory,
cognitive control and conflict processing. The pariance of complex tasks depends on
the interaction and organisation of such cognifesecutive) processes and incoming
sensory information. Therefore, electrophysiolobgarad behavioural measures of
performance monitoring were employed to operatisaaConsistent Consciousness. von
Cramon and Ullsperger (2002) emphasised that ttfferpgance monitoring process
incorporates numerous subcomponents that occuifetetht time points.

Electrophysiological measures of performance moinigoinclude pre-response conflict
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(N2); allocation of attention (P3b); response-canfbriming (N4); error detection (CRN-
ERN); and, error processing (Pe). In addition, behaal measures of remedial actions
were included: error correction and post-error shgwPostdiction report of performance
accuracy provided a metacognitive measure of ttiwislual’s performance monitoring
abilities. It is of interest to consider the podgipthat ERP correlates of performance
monitoring reflect the ‘consistent consciousnessel of awareness, in consort with the
lower levels. This is due to the fact that perfoncemonitoring requires more than simple
stimulus-response activity, it requires the indinaticonsciously to monitor that sensory-
input and motor-output activity and amend behavamaordingly. It is important to
acknowledge that the HoP model rests on philosaphitd theoretical psychology
foundations, rather than direct scientific-empireadence, but in this respect it does not
differ from other psychological models that, widsting, have been widely accepted in
mainstream cognitive neuroscience, for examplewibrking memory model of Alan
Baddeley. Mapping of cognitive neuroscience techescto a theoretical psychological
model provides a basis for interpreting empiricatlgd and perhaps an indication as to how
a model may be updated to be more useful, but Wotegrovide definitive support for that

model.

This chapter has presented considerable evideaté&h brain undergoes physical change
in normal ageing, and there is concomitant alhéitle change in cognitive function.
Therefore, it is plausible to assume that the neurd cognitive changes found in ageing

may have some effect on awareness.
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Chapter 3. Recruitment & Overview of Methodology

The purpose of this chapter is twofold. Firstlye tiecruitment of younger and older adult
participants is described. Specific consideratgogiven to good clinical practice in the
assessment of older adult volunteers. Secondly ctiapter provides an overview of the
methodologies used to study awareness. All pagitgpwere assessed using the same
methodologies; while each chapter that followsasdal on empirical data obtained using
different awareness measures, the participants avarven from the same cohort.

3.1. Recruitment of Participants.

Approval for the study was granted by the Ethicen@uttee of the School of Psychology,
University of Southampton, Hampshire, UK (Appent)x

3.1.1. Participants.

Thirty older adult (OA) participants aged 60 yeamnsl over were recruited from the
‘Exploring the Mind’ Older Adult Volunteer Paneleated by Dr. Romola Bucks,
University of Southampton. Twenty-one younger a{dh) participants were recruited
opportunistically, and received course creditsiium for their participation. It was
decided a priori to recruit in excess of 20 papticits into each age group. This number
was determined based on a number of factors. Tthetésting time was approximately 4
hours per person, across 2 sessions, therefotesijpants were asked for a considerable
time commitment. Additionally, the sample size @enensurate with published ERP
studies with older adults, for example: Falkenstgial. (2001) obtained data from 11
younger and 11 older adults. Finally, power to dieé@ effect was considered and is
addressed in Chapter 8.

All participants were healthy at the time of tegtihad no self-reported history of
neurological or psychiatric conditions, normal orrected-to-normal vision and hearing
and, if on medication, had been taking stable desé&y the preceding three months.
Colour vision was also assessed, in order to ctietkhe participants could differentiate

between the red and green arrows in the 4-CRT ER&dgm. As auditory perceptual
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awareness was examined (Chapter 5), the majorpgicipants underwent a hearing
assessment in accordance with British Audiometrgie®p guidelines (British Society of
Audiology, 1986) prior to testing. Access to audetng equipment was limited; therefore
not all participants received a hearing assess(nembers are given in Section 4.2.1,
Chapter 4). Where there was mild-to-moderate hgdoss in one or both ears (25-45 dB,

and 45+ dB, respectively), the sound pressure lgasladjusted accordingly.

All participants were cognitively screened using Mini Mental State Examination
(MMSE; Folstein, Folstein & McHugh, 1975: range @-3bnormal score 26) and the
Montreal Cognitive Assessment (MoCA; Nasreddinal e2005: range 0-30; abnormal
score_26). Data from these two measures were exploredyube Shapiro Wilk test, and
the MoCA was found to be normally distributed, hoer the MMSE was not. The mean
or median, as appropriate, scores for both OA aAdMups (Table 3.1.) were within the
normal range. No individual participant obtaineskcare indicative of clinically significant
abnormality on either measure, and the groups statsstically equivalent (MMSE and
MoCA, bothp > .1).

Estimated premorbid 1Q was calculated from Natiokdllt Reading Test (NART; Nelson
& Willison, 1991) scores. The NART is a reliabledaralid method of estimating
premorbid 1Q (Crawford, Deary, Starr & Whalley, 200It assesses knowledge of
irregular word pronunciation. A major assumptiorttid NART is that greater accuracy in
word pronunciation reflects greater crystalliseiliectual function. As shown in Table
3.1, the OA participants had significantly highstimated premorbid 1Q,(44) = 7.00p <
.001 than the YA participants. Conversely, the Yétigipants had more years of
educationf (47) = -5.14p < .001. This pattern of results may reflect a cleaingeaching
practice alongside the development of new langaageusage since the original
publication of the NART. It is also important tokaowledge that a University education
may have been more accessible to participantsilYgroup. The finding of reduced
estimated premorbid IQ in YA participants compa@that obtained from OA has
previously been found (e.g. Bunce & Macready, 2005)
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Table 3.1. Demographic Data obtained from youngerader adults.

M (SD) or Median [QR) Younger adult participants  Older adult participants
n=21 n=30

Age 22.1 (4.1) 69.4 (6.7)

Gender (M : F) 5:16 10: 20

MMSE ! 29 (1.0) 29 (1.0)

MoCA 28.1 (1.4) 28.2 (1.1)

NART predicted 1Q 105.4 (7.8) 119.0(5.4) t

Years of Education 15.5 (2.1) 12.3(2.1) t

Note tp<.05;" Data were analysed with the Mann-Witney U test; 88/ Mini Mental
State Examination, Folstein, Folstein & McHugh, 39WloCA = Montreal Cognitive
Assessment, Nasreddine et al., 2005; National ARedtding Test," edition, Nelson &
Willison, 1991.

3.2. Rates of Attrition.

The complete assessment battery took a total effours. The assessment was, therefore,
split into two sessions for each participant. Disfiie need for two assessment visits, the
attrition rate was very low. Only one OA (3.3%) amte YA (4.8%) chose not to

participate in the second laboratory-based sessithe study. Two YAs (9.5%) chose to
participate in the laboratory-based assessmentsaited to complete the questionnaire
battery. Overall, 92.2 % of the cohort completdcasessments associated with this study,

and their demographic data are presented in table 3

3.3. Further Information about the Recruitment tfed Adults.

Forty-one potential OA participants were identifiegsing the following criteria: aged 60
and over; prepared to come to the University feeaech participation; and, ERP
technique-naive (i.e. had not participated in atiegastudy of ERP components in normal
ageing). The identified volunteers were sent aitation letter (Appendix 2) and
information sheet (Appendix 3), and requested tiarnethe reply slip expressing interest in
participation. On receipt of the reply slip, the @&lunteer was telephoned by the
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researcher, and the TELE (Gatz et al., 1995: sebas considered normal. Od 18.9 +
1.2), and the Participant Demographic Form wereiaidtered as preliminary screening
measures. Additionally, 4 volunteers respondedtarticle about the study in the
Volunteer Panel newsletter, and a further 7 volersteesponded to information packs
available at a Volunteer Panel Open Day. The shadlya response rate of 73.2% from the
mailings; ineligibility was due to central nervosisstem medication, neurological
exclusion criteria (e.g. stroke, head injury) aaiffe to pass the cognitive screening (see
Table 3.2). The OAs were requested to provide ornmant, as the clinical awareness
questionnaires (DEXuestionnaire from the Behavioural Assessment@iisexecutive
Syndrome battery: BADS; Wilson, Alderman, Burgdasislie & Evans, 1996; Memory
Awareness Rating Scale: MARS; Clare, Wilson, CaReth & Hodges, 2002) included
informant versions, and discrepancy scores caralogllated to assess any difference in
reports between the OA and their informants. YAemaot required to provide informants,
as the likelihood of students having long-term elosationships with others in
Southampton was considered to be low. Twenty-foliiformants gave written consent
and additionally participated in the study. An imfi@nt was a person (e.g. spouse,

significant other, or close friend) whom the OAtpapant consented to being approached.

Table 3.2. The numbers of older adults and padtmp decisions from identified

Panel volunteers.

Participation Decision Numbers of Older Adults

Contacted:
Mailing
Responded to newsletter/Open Day

52
41
11
Did not participate 22
Ineligible 8
Declined to participate 4
Withdrew from Panel 1
No response 9

30

Participated

74



3.4. Cognitive Screening in Older Adult Research.

Memory decline is considered to be a feature akiasing age, and there has been growing
investigation of the concept of a pre-clinical ptna$ AD, termed mild cognitive
impairment (MCI). The First Key Symposium of MCIt¢8kholm, Sweden, 2nd-5th
September, 2003) considered the clinical featur®4@, and concluded that the variable
outcome (e.g. stability in some, progression toiAR proportion, and recovery in others)
suggested that MCI should be considered as moregtisanple ‘preclinical phase of
dementia’ (Winblad et al., 2004). The Symposiunthfer concluded that MCI represented
neither dementia nor normal ageing (Winblad et281Q4). In support, there are conflicting
data on the prevalence of MCI in the normal poporatwith rates ranging from 5.3%
(Hanninen, Hallikainen, Tuomainen, Vanhanen & Sani, 2002) to 16.2% (Zanetti et al.,
2006). Differential diagnostic criteria for MCI magcount for the variable findings. For
example, other nomenclature related to MCI have lirgeoduced into the literature, such
as ‘age-associated memory impairment’ (AAMI), ‘aagesociated cognitive decline’
(AACD), and, ‘benign senescent forgetfulness’ (ot Maruff, 2000), to describe the
range and degree of impairment found in older ad@lthough the exact nature and
measurement of these diagnoses remains under debatef the challenges for research
into healthy ageing is to demonstrate that anyrgodder adult sample does not present
with any significant, and potentially confoundirmggnitive impairment.

One of the most frequently used questionnairesrees for cognitive impairment is the
MMSE (described above: section 3.1.1), which presid widely accepted and understood
measure of global cognitive function. However, tgstionnaire was designed to screen
for dementia, rather than as a generalised cogmnstiveening instrument, and was
developed prior to rigorous debate about MCI. Ferrtiore, MMSE scores may be
influenced by level of education (Crum, AnthonysBett & Folstein, 1993; Tombaugh &
Mcintyre, 1992). Despite the wide acceptance ofrafidnce on the MMSE, other
questionnaires focussing on the assessment of M heen developed, e.g. the Montreal
Cognitive Assessment (MoCA; Nasreddine et al., 20@8ich is proposed to have greater
sensitivity and specificity than the MMSE (Nasreudet al., 2005).

All younger and older adult participants in thissls were administered both the MMSE
and the MoCA. Using the normal cut-off ©26, the MoCA detects 90% of MCI and
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100% of AD, with a specificity of 87% (Nasreddirteak, 2005). To the author’s
knowledge similar data are not available for the 881 Both questionnaires were
included for the purpose of cognitive screeninginyebecause the MMSE is a more
widely accepted tool. As the MoCA is a recent addito the literature, it has been more
recently standardised than the MMSE and althougtait therefore be a more valid
measure of general cognitive function in the cursample, it is less well established. A
brief telephone screening questionnaire for deradiELE; Gatz, Reynolds, Nikolic,
Lowe, Karel & Pedersen, 1995), which correlated weh the MMSE ¢ = -.71; Jarvenpaa
et al., 2002), was also administered at the iniél#phone contact with the older adult
participants to try and prevent any unnecessaryadéemn their time. The MMSE and

MoCA take longer to administer and were thus tloesd line of screening.

3.5. Issues of Acceptability.

Table 3.3 documents the factors that were considerensure minimal discomfort,
particularly for OA participants. The ERP testirguired the use of an Easy-C4for

data collection. This is similar to a close-fittihgthing cap. Participants were monitored
closely throughout testing to ensure that the m®eees acceptable to them. They were
also offered a hair wash at a nearby hairdresglunsn completion of the ERP study, as
the ERP testing involved the use of conductivespeéad widely over the scalp. When
participants expressed concern over their perfoomaihey were informed that tasks were
designed to be challenging. Protocols were in piiggarticipants expressed further
concern over their performance (Appendix 4). Eashinng session was designed to
incorporate breaks and refreshments in order tadaureasonable demands on
concentration and lengthy testing. The order oftéisés and questionnaires was designed
to avoid repetition of similar items and to redbogedom. The initial ERP paradigm
battery was comprised of the auditory novelty odigdbalowed by two blocks of a two
choice-reaction time task (2-CRT; Hogan et al.,3)Qhd two blocks of a four choice-
reaction time task (4-CRT; Hogan et al., 2005). TR tasks were designed to elicit
errors; in fact this is an important design featfréhe performance monitoring ERP study,
as errors are necessary in order to obtain an-erlated negativity ERP component
(ERN). Both younger and older participants had gdany performance on the 2-CRT

(>95%), so this task was excluded to reduce thgtheof the testing session, and, in most
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instances, participants consented to additionalkslof the 4-CRT to compensate. The 4-
CRT was perhaps the most challenging task, sostdeaided to conclude the study with
the more familiar ‘everyday behaviour’ tasks towgeshat the session was ended with a

positive experience.

Table 3.3. Factors to be considered in the dedigtudies with older adult participants.

Factor Details

Distress Is testing likely to cause the participamy distress or have any
negative consequences?

Familiarity with Will the option of a home visit be available, if@igable to the

surroundings study?

Fatigue Effects What is the length of testingh&xé a high degree of repetition?

Physical Factors Have physical factors, such aslityplnearing and vision been
taken into consideration?

Time of Day Does the participant have a choicendigg time of testing?

3.6. Neuropsychological Measures of General Intalle Function, Memory, Affect and

Awareness of Performance.

Neuropsychological measures of general non-veriv@lléctual function and memory

were administered to provide data on the functieaphbilities of the YA and OA groups.

3.6.1. Neuropsychological Measures:

i) Ravens’ Standard Progessive Matrices Sets A (REPM; Raven, Raven & Court,
2000). The RSPM provides a measure of fluid (nomak intelligence to compliment the
estimated premorbid IQ provided by the NART. Thera progressive increase in

difficulty across sets A-D

ZIn the present study set E was excluded as itezahto fatigue through lengthy testing (Caffarra,
Vezzadini, Zonato, Copelli & Venneri, 2003).
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i) Pyramids and Palm Trees (PPT; Howard & Patierd®92). The PPT test assesses
semantic knowledge by asking participants to mattdrget image with one of two
possible stimuli. There are 52 items to match. fBsé has been validated in an older adult
population and used with individuals with AD (Hodg® Patterson, 1995). These data are

not reported in this thesis as there were ceilfifgcts in both groups.

lii) Autobiographical Memory IntervieWAMI; Kopelman, Wilson & Baddeley, 1990).

The AMI is a semi-structured interview providingtandardised measure of
autobiographical memory validated in 18-80 yeas@dd in patient populations, e.g.
Alzheimer’s disease (AD). The interview is sepadlatéo 10 sections regarding different
times during the lifespan, providing scores for aatit and episodic memories from early
childhood, early adulthood and recent times. Incilmeent study, the interview was tape-
recorded to allow for an assessment of inter-raf@bility. These data are not reported as
the YA group were not forthcoming in episodic meiegytheir scores, therefore,

erroneously indicated significant episodic memaoefiaits.

3.6.2. Measures of Affect.

Measures of affect were administered in order tarodfor the possible confounding of
negative mood on self-report of functional abiltienetamemory perceptions and event-

related potentials (ERPS).

i) Rosenberg Self-Esteem Scale (R-SES; Rosenb268)1The questionnaire is composed
of 10 items with a six-point rating scale. Althougiginally designed with a four point
rating scale, the dimensionality can be altergortwide a greater range of values (e.g.
DeCremer & Sedikides, 2005; Greenberger, Chen, iiawé & Farrugia, 2003). The R-
SES has high internal consistenay=(.88; Greenberger et al., 2003). Higher scores
indicate higher levels of self-esteem.

i) Hospital Anxiety and Depression Scale (HADSg&iond & Snaith, 1983) is composed
of 14 items and provides measures of anxiety apdedsion. Widely used with wide-
ranging age groups and patient populations, baleshave high internal consistenays
.80 and .76 (anxiety and depression, respectildykletun, Stordal & Dahl, 2001). In the

present study the HADS was given as a self-repedasure. Higher scores indicate higher
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levels of anxiety and depression, with clinicallgrsficant thresholds exceeding a score of

11 for both anxiety and depression.

iii) Positive and Negative Affect Schedule (PANASatson, Clark & Tellegen, 1988).
The PANAS is a 20 item self-report measure of pasi@énd negative affect using a five
point rating scale. The PANAS was used to assessffact of the ERP-study experience
on the individual, and as such was administeredaé post-ERP testing. Higher scores
indicate higher levels of affect (positive and rtegaaffect). Clinically significant scores
are found in the lower percentiles for positiveeatfand higher percentiles for negative
affect (Crawford & Henry, 2004). However, exactssoindicating clinical levels of affect
were not provided. Discrepancy scores indicategae#eof change in affect and the
discrepancy values can be positive, indicatinghareiase in positive or negative affect, or

negative, indicating a decrease in positive or tiegaffect.

iv) Shortened Marlowe-Crowne Social Desirabilityaf&dM-C 1; Strahan & Gerbasi,

1972). The M-C 1 is a shortened version of the Mae-Crowne Social Desirability Scale
(M-C SDS; Crowne & Marlowe, 1960) using a dichotars@ating scale of true or false on
10 statements reflecting highly desirable or urrdeé$e properties. The M-C SDS has high
internal consistency(=.88; Crowne & Marlowe, 1960), and the shortenexsion is

highly correlated with the original versioa £.80; Strahan & Gerbasi, 1972). The M-C 1
was administered to all participants and the OAnmiant. It was administered in order to
determine if self-report of metacognitive abilityawareness measures might be related to

social desirability.

v) Cornell Scale for Depression in Dementia (CSBI2xopoulos, Abrams, Young &
Shamoian, 1988). The interview consists of 19 itams has high internal consistency
(0.84). The CSDD was administered to the OA infartremnd required their assessment of
the behaviour of the participant in the week pttesting. These data are not reported,

due to floor effects.
vi) Rating Anxiety In Dementia (RAID; Shankar, Walk Frost & Orrell, 1999). The

interview consists of 18 items and has high intecoasistency (0.83). The RAID was

administered to the OA informant and as above Wi¢hCSDD required their assessment
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of the participant in the two weeks prior to tegtihese data are not reported, due to floor

effects.

3.6.3. Measures of Awareness.

Awareness has frequently been assessed usingpelftiquestionnaires (see Clare,
2004b). It was considered important, thereforentorporate such scales in this study in
order to offer a degree of validation of the moogel electrophysiological (ERP)

measures of awareness.

1) Metamemory In Adulthoo@MIA; Dixon, Hultsch & Hertzog, 1988). The MIA is H08
item self-report questionnaire investigating sefierent beliefs. The questionnaire
provides 7 subscales shown in Table 3.4. The MiBssales have high internal
consistency, witlw values ranging from .71 to .93 (Dixon et al., 1p&3scriminant
validity analyses, conducted by the authors, foinadl the MIA subscales (except MIA
Anxiety) were not related to generalised locusarftool, state or trait anxiety, or
depression. The MIA Anxiety subscale was relatestate and trait anxiety (Dixon et al.,
1988).

i) Memory Awareness Rating Scale (MARS; Clare, 8bil, Carter, Roth & Hodges,
2002) was specifically designed to assess memoayemess in dementia. It contains self
and informant versions of a 10 item questionnagarding the management of the
individual in different situations dependent on neeymabilities. The scale has high
internal consistencyu(= .94) and a high test-retest reliability (.91a@ et al., 2002). The
participant version was administered as an interviehereas the informant version was
given as a questionnaire. OA informants were adstened the informant version.
Discrepancy scores are calculated and can alsihas positive; participant scores are
higher than informants’, or negative; participacares are lower than informants’. Lower
scores represent greater problems managing in\tea gituations, and therefore better

awareness of functioning.
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Table 3.4. The Dimensions of the Metamemory In Atadd (MIA) Instrument.

Dimension Description

Achievement Perceived importance of having a good memory anidmeing well

(range 16-80) on memory tasks (higher scores indicate greateeaeiment).

Anxiety Feelings of stress related to memory performaniggnéin score indicate

(range 14-70) greater anxiety).

Capacity Perception of memory capacities as evidenced ldigiree report of

(range 17-85) performance on given tasks (higher scores indigidater capacity).

Change Perception of memory abilities as generally stailsubject to long-

(range 18-90) term decline (higher scores indicate greater stapil

Locus Perceived control over remembering abilities (higdeores indicate

(range 9-45)  greater internal control).

Strategy Knowledge and use of information about one’s rememninly abilities

(range 18-90) such that performance in given instances is paiyimproved
(higher scores indicate greater use).

Task Knowledge of basic memory processes (higher séndésate greater

(range 15-75) knowledge).

Note.Based on Dixon and Hultsch (1983).

iii) DEX questionnaire from the Behavioural Assessmentetssexecutive Syndrome
battery (BADS; Wilson, Alderman, Burgess, Emsli&egans, 1996). The BADS has been
validated in 16-87 year olds and is sensitive ¢otial lobe functioning (Wilson et al,
1996). The self and informant versions of the DEEXé20 items regarding emotional or
personality change, motivational, behavioural anghative changes. Reliability and
validity data are not provided by the BADS mantidwever, a significant relationship
was found between informant DEX scores and totaDBAcore (= -.62; Wilson, Evans,
Emslie, Alderman & Burgess, 1998), indicating timrmants’ assessments of problems
were associated with worse performance on the BBp®ie participant. OA informants
were administered the informant version. Discregauores are calculated and may be
positive: participant scores are lower than infantsa or negative: participant scores are
higher than informants’. Higher scores are indieabf greater everyday executive
function difficulties.
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(iv) Performance-Monitoring in a Naturalistic Taslour tasks were administered to
assess the quality of performance-monitoring imraistic situations, potentially requiring
planning and execution of strategies: making a $head lettuce sandwich; wrapping a
gift; preparing a letter for posting (taken fromrée & Humphreys, 2000); and, the Action
Program Test from the BADS, a test of practicabpgm solving that was more novel
(using water to float a cork out of a tube withtaiching the apparatus). Each task was
divided into five stages that needed to be comglségjuentially to succeed on the task.

These data are not reported, due to ceiling effadisth groups.

In summary, whilst the focus of this thesis is aam@ss in normal ageing, a number of
measures were administered to control for poteatinfounding variables such as reduced
intellectual function, negative affect, sociallysg@ble responding and low self-esteem.
The measures of awareness selected enabled coampaith previously published
literature (e.g. metamemory questionnaires). Ssskssments allow inferences to be
drawn about the quality of underlying brain funat@ssociated with awareness, but this is
an indirect association. Thus, these assessmentseaful but necessarily limited. It was
anticipated that a more complete understandingahbunction associated with
awareness may be obtained using imaging technitjuesrticular, ERPs, derived from
stimulus and/or response-related brain electriciity, may allow investigation of the

power and timing of neural correlates of ‘awarehess

3.7. Introduction to Event-Related Potentials.

Brain imaging techniques (e.g. MRI; fMRI; DTI; aRdET) focus on neural structures, and
areas of activation with associated sensory, cogréind motor function. Although these
technigues have good spatial resolution, the teatpesolution is poor, due to the time
taken to create an image. For example, the blogdemation level dependent (BOLD)
fMRI signal is a measure of hemodynamic responsetwal changes, and this can take
several seconds to register. However, sensory gsotgeoccurs within milliseconds (ms)
and, as such, imaging techniques are not ableetwdall activity associated with this type

of processing.
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Electroencephalography (EEG) is a technique thatrds the electrical activity of the

brain by detecting voltage changes over time asdceliaellent temporal resolution (within
ms of a stimulus/event), allowing for the investiga of ‘on-line’ processing. The
technigue is non-invasive and particularly amenabtk populations who may not cope
with other brain imaging techniques (e.g. MRI),Isas the very young, very old or
particularly anxious. The following sections prowidn overview of the origin and
processes by which the electrical activity of tihai can be measured at the scalp with an
EEG. Electrophysiological components (ERPs), wiaehderived from the EEG and

related to specific events, are subsequently de=itri

3.7.1. Neural Generators of the Electroencephatogra

As the cortex develops, so does the electricaViactvf the brain. Each neuron has a semi-
permeable membrane. This facilitates chemical détimn which leads to changes in the
voltage at the cell membrane. An action potensidhe term used to describe this rapid
change in voltage (Kolb & Whishaw, 1996). Actiongmtials travel along the cell’s axon,
with larger axons conducting faster potentials. pracess is facilitated by the flow of
sodium ions (depolarization) through the semi-peatnecell membrane, at the initial
segment part of the axon and at regular interdalsgathe axon (nodes of Ranvier).
Myelination facilitates conduction of the actiontgatial. Otherwise stated, the action
potential travels along the axon facilitated by tlogles of Ranvier which are gaps along
the axon between each glial (myelin) cell (Kolb &idhaw, 1996). When the action
potential reaches the axon’s terminals (terminatt®o), neurotransmitters are released,
and, dependent on their function (inhibitory origatory), the voltage of the post-synaptic
membrane is changed (Kolb & Whishaw, 1996). A d#aela division of voltage within
the extracellular space, created by a change indliage (positive/negative) in the
extracellular space caused by the movement ofirdaghe post-synaptic cell (Nelson &
Monk, 2001). The dipole disperses through the egthalar space to the surface of the
scalp, aided by the columnar organisation of pydatgells (Nelson & Monk, 2001)

which are prevalent in the cortex.
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3.7.2. The Electroencephalogram.

When stimulated simultaneously, groups of pyramigilrons produce a positive/negative
pattern of activity, the direction of which is deglent on the orientation of the dipole. The
voltage of the ions closest to the recording sitalp) produces the deflections that are
identifiable as an EEG trace. This trace is readtaeplacing electrodes on the scalp and
amplifying the signal so that it is readable. There, the EEG records the summed
electrical activity from neuronal populations wablumnar organisation. Not all neural
activity is recorded by the EEG; the non-columna@aaisation and distance from the scalp
of sub-cortical structures means electrical agtifridm these areas may not be detected
(Coles & Rugg, 1995).

An EEG signal has three dimensions: frequency, anteamplitude. The frequency of the
EEG is measured in Hertz (Hz), which refers tortbmber of oscillations per second. The
frequency bands of the EEG are alpha, beta, timetalelta (see Figure 3.1.). Alpha band
activity (8 — 13Hz) is found in adults in a relaxgdte with their eyes closed; beta band
activity (13 — 30Hz) is considered to be normal efakness; theta band activity (4 — 8Hz)
is ‘slow activity’ and is found in wakeful childranto early adolescence and in sleeping
adults; delta band activity (0.5 — 4Hz) is the gdewfrequency, found in children up to one
year old and in sleep stages 3 and 4 (Niedermé&988a; Niedermeyer, 1998b).

A number of processes may contribute to changé@eguency of electrical activity across
the lifespan. Myelination of axons is important &ficient transmission of inter- and
intra-hemispheric neural impulses, and this processinues into the third decade (Sowell
et al., 2003). Studies have also suggested thditepeency of the electrical activity can
influence the rate of myelination, although liitkeknown about the mechanisms
underlying this process (Demerens et al., 1996;8i® Tanner & Fields, 1998). The low
frequencies found in neonates and in children neagdstially accounted for by the
continued development of cortical structures andalecircuits. For example,
development of ‘EEG coherence’ throughout the fest years of life has been described
(Thatcher, Krause & Hrybyk, 1986), and the develeptof adult patterns of sleep cycles
has been linked to the maturation of the cortesdph, 2000). Interestingly, the amplitude
of the EEG has been found to decrease over ttepéife(Dustman, Shearer & Emmerson,

1999), and the authors suggest that age-relatatyeban cortical structure are the cause.
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In summary, the changes in the EEG over the lifegpa considered to reflect the changes
that occur in the CNS (Dustman et al., 1999).

Figure 3.1. The Frequency Bands of the EEG. Froainlweb-us.com/
images/theanine.fig.1.jpg.

Brain Waves Frequency Mental Condition
0.5-3Hz

Delta wave \WJ\/\M deep sleep
4 -7 Hz

Theta wave MMI’/\’\“\MVM\V’ light sleep
8-13 Hz

Alpha wave WMMWWWWM awake. relaxed

14 Hz

Beta wave WMWM awake, excited

3.7.3. Event-Related Potentials.

An ERP is the voltage change in the EEG signatéaponse to an event
(stimulus/response) that is identified in a timekled segment of an EEG recording (Coles
& Rugg, 1995). Such EEG segments (epochs) aretésbfeom the EEG for display and
analytic purposes. Due to the conductive propedidgle brain, the activity at the scalp
may not be from the neural assemblies closesttoetording sites, resulting in low
spatial resolution (Coles & Rugg, 1995). Neverthg)escalp distributions of ERPs
(topographical maps) provide an assessment of gppsgraphical information, such as
lateralisation and anterior/posterior orientatidowever, ERPs have excellent temporal
resolution and, as such, can provide informatiasuaithe timing of sensory, motor and

cognitive processes involved in experimental maaipons.
As ERPs are only a part of the entire EEG recordimgse data have to be processed to

extract the ERP (signal) from the EEG (noise) rditwy. Each time-locked segment

(epoch) to an event (stimulus/response) withiretiitre EEG recording is averaged across
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a number of trials to provide a single measurdefactivity of that type or category of
event (Coles & Rugg, 1995). The grand average wanefepresents a number of
overlayed EEG-epochs associated with the samedfiatimulus or response, thus it does
not provide a direct measure of on-line activity pe, but an indication of how the brain
typically responds to a particular event (Coles &gR, 1995). It is important to appreciate,
however, that there can be great variation in thpléudes and latencies of the individual
trials. The benefit of averaging is that it alloars ERP component to be more easily
identified.

There has been much debate about what constitutRB component (Coles & Rugg,
1995; Luck, 2005; Otten & Rugg, 2005). Any chosealpor trough within a data set can
provide the component of interest, which is defibgdts polarity and latency. For
example, the P300 (often abbreviated to ‘P3’) gsitive component occurring around
300ms. The amplitude and latency of the compomaetaéured from the grand average for
each individual) provides the indices that arestiadlly examined. At present there are no
definitive methods for identifying ERP componer@vérbeek, Nieuwenhuis &
Ridderinkhof, 2005), for example, the P300 may od®iween 200 and 600ms (see Figure
3.2). The researcher must therefore be guideddiy ghoup grand average and by

previous literature.

Figure 3.2. Example of a stimulus-locked waveforamf the younger adult group
recorded from Cz: Compatible condition (solid lilm&)d incompatible condition (dashed
line) elicited by the 4-CRT.

0 400 800

In addition to the reporting of the amplitude aatéhcy, a component may also be
described by its topographic distribution and/otthey cognitive process it represents
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(Coles & Rugg, 1995). For example, the P300 astatiaith target (expected) stimuli is
usually largest over central-parietal regions, @liile P300 associated with novel
(unexpected) stimuli is more often detected ovetre¢frontal regions. More generally, a
distinction has been made between ERP componetted¢hur within about 200ms of the
stimulus presentation and those that occur aftdrttime. The early (exogenous)
components are related to the sensory aspectsthalus and the later (endogenous)
components are those more related to cognitivefscsuch as categorisation of that
stimulus and memory updating (Coles & Rugg, 1988hough a distinction has been
drawn between the sensory and cognitive aspe®@&Bfcomponents, the relationship is
dynamic; cognitive processes can influence easbasory components (e.g. directed
attention can modulate N1 amplitude; Chao & Knidi®97a) and later cognitive
processing can be influenced by the modality ofstiraulus (e.g. in divided attention
conditions, cognitive processing occurs later mdlditory modality; Falkenstein,
Hohnsbein, Hoormann & Blanke, 1991).

3.7.4. EEG acquisition and ERP processing in tleent study.

The EEG was recorded using an Easy-&djited with 24 electrodes positioned over
midline and lateral sites according to the Intdovat! 10-20 system (see Figure 3.3:
Jasper, 1958). The continuous EEG was recordedangling rate of 500Hz (band-pass
of 0.05 to 70 Hz: SynAmps 2 Amplifiers, NeuroScHliK) using a linked-mastoid
reference with a ground lead placed on the foreligBd). Vertical ocular activity

(blinks), the EOG, was recorded from bipolar lepldsed at FP2 and below the right eye,
and horizontal EOG (lateral eye movements) fronolaipleads situated at the outer canthi

of each eye. Impedance was kept belowd,5¢hecked at the start and end of the session.

ERP processing was carried-out offline using NeaamSand Brain Vision Analyzer
software. The EEG recording was low-pass filte@@Hz) and blink artefacts were

reduced using a standard algorithm (Semlitsch, Aard&chuster & Presslich, 1986). The
EEG was divided into epochs centred on stimulesponses, baseline corrected (each
epoch is overlaid at a fixed time interval priottitme 0 ms). Variable time intervals were
used in this thesis according to the componemtefést: please refer to Chapters 4 and 5),

movement artefact rejected (#:each waveform that exceeds #1745 excluded from
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analysis, to reduce any potential confound of memrartefacts on the amplitude of the
waveform) and averaged according to stimulus grarse type. The amplitude and
latency of the components of interest were measamedentered into a SPSS (version 13)

file.

Figure 3.3. The montage of the lead placementviatig the International 10-20 system.

Note.Labels ending in a ‘z’' represent the midline (Fedbn€Central, Parietal). Labels ending with an odd
number represent activity recorded from the lefnisphere (e.g. T7 — left temporal lobe, O1 — lettipital
lobe), and labels ending with an even number repitesctivity recorded from the right hemispherebéla
with two letters represent activity recorded frondway between two main sites (e.g. FCz, repredentso-

central midline activity).

3.7.5. Overview of Event-Related Potential Paradidgeed in the Present Thesis:

I) Sensory Processing (Novelty Auditory Oddballdeihgm).

Participants were requested to sit as still asiplesand look at a static image (small
watercolour landscape) on the screen. They weredaskpress a mouse button upon
hearing target (high) tones which were randomlgrspersed in a stream of standard (low)
tones, but were not informed about novel (noise)dt which occurred with equal

probability as the target tones. This paradigmssesk processing of simple auditory
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sensory information. It was included as a meastibasic sensory awareness. The main

components of interest were the stimulus-lockecaNd. P3.

i) Performance-Monitoring (4-Choice Response Task)

Participants were requested to respond to thetaireof the arrows. Green and red arrow
stimuli pointing left and right were presented ramdly with equal probability. At the
presentation of a green arrow, participants wesguisted to press the mouse button
corresponding to the direction of the arrow (coripetcondition). For red arrows,
participants were instructed to press the opposdase button in response to the direction
of the arrows (complex, incompatible condition) eTpurpose of this paradigm was to
examine brain activity occurring immediately afteresponse has been initiated: post-
response evaluation. Specifically, it was of inséte see if brain activity was different for
trials on which an error occurred compared to airrgals. Greater magnitude of
difference between the amplitude of error/corresponse-locked components (~50-
150ms post-response) was hypothesised to refleategrerror-recognition, and subsequent
slow wave activity (Pe: ~400ms) has been assocutirdawareness of having made an
error (e.g. Nieuwenhuis, Ridderinkhof, Blom, Band&&k, 2001).

3.8. Procedure.

A script for the procedure was followed to maintagmsistency (Appendix 4). With the
exception of one OA participant, the OA particigawere visited at their homes for the
first appointment. The YA participants and one Cétggipant were interviewed in the
ERP laboratory at the University of Southamptoniti&n consent was obtained from each
participant. The OA participants were requestegrtwvide an informant and written
consent was also obtained from the OA informante drder of the questionnaire battery
was constant across participants (Table 3.5). ifeemant was given the informant
versions of the DEX, the MARS and the M-C 1 questaires to complete and at the end
of the visit was interviewed with the Cornell Scated the RAID. After the questionnaire
battery was completed, the participant’s colourovisvas assessed, a skin test with the
EEG cleaning gel was conducted to test for posséaetions (e.g. redness or itching), and
head circumference measured in order to prepareE@ cap prior to the ERP session. At
the next visit, preparation of the participant tioe EEG recording took approximately 30

minutes. The EEG recording commenced with a bas&BG (2 minutes eyes closed and

89



2 minutes eyes open) and was followed by the mmdttials for the auditory oddball, and
the novelty oddball task. Four blocks of the 4-ORfre administered after the auditory
oddball. If necessary, in order to increase ei#,ran additional one or two blocks of the
4-CRT were administered. On completion of eachlqlparticipants were requested to
provide an estimated percentage for their perceaoedracy of performance. The
behavioural tasks were performed at the end ahtgaind were video recorded for scoring

offline.

Table 3.5. Order of Assessments.

Telephone Screening (OA only) TELE
Participant Demographic Form (OA only)

Visit 1 Participant Demographic Form (YA only)
Mini Mental State Examination
Montreal Cognitive Assessment
Rosenberg Self-Esteem Scale
Hospital Anxiety and Depression Scale
Marlowe-Crowne Social Desirability Scale
National Adult Reading Test
Metamemory In Adulthood questionnaire
Pyramids and Palm Trees
DEX Questionnaire
Memory Assessment Rating Scale
Ravens’ Standard Progressive Matrices
Rating Anxiety In Dementia scale
Cornell Scale for Depression in Dementia

Visit 2 Hearing Assessment
Positive and Negative Affect Schedule
Baseline EEG
Auditory Novelty Oddball
4-CRT
Positive and Negative Affect Schedule
Everyday Behavioural Tasks
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3.9. Statistical Analyses.

Please refer to each empirical chapter (Chapt&isfdr details of the statistical analyses

performed in each study.
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Chapter 4. Sensory Awareness and Novelty Processing

Adaptive cognitive functioning depends on the &piio detect, locate and process
important stimuli from the ‘noise’ present in threvéonment at any one time. In other
words, while many everyday events do not engagentheidual, other events may be
novel or unexpected, and therefore require funphecessing (Friedman, Cycowicz &
Gaeta, 2001). Due to the potential significanceuah stimuli (e.g. for learning or to signal
danger), the early capture of attention by novelr@xpected events may be an automatic
process (Friedman et al., 2001). Once attentieapsured, it is likely to lead to further
processing in terms of categorisation of stimuljygsetand memory updating (Polich,
1996). With increasing experience of the same dtimuhere is habituation (Courchesne,
Hillyard & Galambos, 1975). A study was designeddsess these basic attentional
processes in younger and older adults, with theddiexploring the extent to which the
power, timing and topography (pattern of activitytee scalp) of brain function associated
with Sensorimotor Awareness, Level 2 of the Hidnaes of Processing model (HoP; Stuss
et al., 2001, see Section 1.4.3.2. Chapter 1}esem by the normal ageing process.

4.1. Introduction.

4.1.1. Overview of Cognitive and Neuroscience Apgtes to Attention.

The focusing of attention is considered to be msid to self-awareness (see Section 1.3.2.,
Chapter 1), and has been described as the prowetsslting access to conscious
experience (Baars, 1988). The empirical investigatif attention has distinguished
between selective (or focused) and divided attent®lective attention can be voluntarily
focused on a particular stimulus type or can beraatically captured by distracting or
novel stimuli. Divided attention refers to the pessing of different streams of information
and/or the performance of different tasks. Selecttention is typically assessed by
presenting two or more categories of stimuli with tequirement that attention is focused
only on one type of stimulus. In contrast, dividggtention is assessed by the performance
of two or more concurrent tasks, usually a comlomadf perceptual and motor tasks.
These conceptualisations of attention have letiéalevelopment of numerous theories

involving different processes and components ugahgrlattention. One of the prominent
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early theories of selective attention suggestetdathacoming sensory information was
initially registered, and then filtered (Broadbel®58). The role of this filter is to prevent
overloading of short-term memory, which has limitaghacity. Specifically, the filter
allows some information through to short-term meynuwanilst holding the remainder of
the information for later processing. In a similamt amended version of Broadbent’'s
(1958) model, Treisman (1964) proposed that atirmfation was processed; however, the
processing of unattended information was attenudtied is contrary to Broadbent’s
(1958) view that the incoming, unattended inform@ativas held at a constant level of
activation for later processing. However, the fiomel distinction between delayed and
attenuated processing is not clear. Deutsch antsBle(1963) also amended the model
proposed by Broadbent (1958). They argued than@ming information was processed
equivalently, however, only the most importantelevant to the goal (response) was
transmitted to short-term memory. This suggeststhi@e must be an executive
mechanism exerting some ‘top-down’ control, in eredistinguish the relevant from the
irrelevant. Consistent with this, more recent tissrhave described the role of the frontal
lobes in directing attention (e.g. Shallice & Busgel996: Supervisory Attention System).
Each of these theories incorporates the concegut attentional bottleneck; as short-term
memory has a limited capacity, the bottleneck finmat to restrict incoming information.

These models differ, however, in the degree ofgssing that unattended stimuli receive.

Since Broadbent’s seminal paper in 1958, therdobaa a move in the literature away
from the concept of a filter in attentional progeggo a conceptualisation of automatic
information processing. Early proponents of theswiwere Shiffrin and Schneider (1977)
who proposed a distinction between controlled artdraatic processes: controlled (top-
down) processes required attention and were flexihilst automatic (bottom-up)
processes did not require attention and were iittlexNorman and Shallice (1986)
expanded on the distinction between automatic anttalled processing and argued that
there were three types of information processially iutomatic processing by schemas,
which occurred with little conscious awarenesstigbautomatic processing, which
resolved any conflict arising from competing auttimachemas, and which could involve
some degree of awareness; and deliberate cont@bkbpervisory attentional system,
suggested to be located in the frontal lobes, whigiported decision making and was

involved in responding to novelty. The automatiogassing theories also posited, similar
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to Treisman (1964), and Deutsch and Deutsch (1968) all incoming information is

processed.

The neuroscientific investigation of selective ati@n is important because it facilitates an
understanding of how the multitude of incoming sepsnformation is processed in the
brain. Cabeza and Nyberg (2000) reviewed the fanatiimaging (fMRI and PET)
literature and found that selective attention, ssse by target detection, was associated
with widespread, increased activation in parid&hporal and occipital regions, with the
profile of activation being dependent on the madglalf the stimuli (e.g. auditory, visual).
Frontal regions were additionally activated in gaskquiring detection of stimulus feature
discrepancies. Such widespread activation may rnsiur ability to define a functional
neuroanatomy of selective attention, but it is intqat to appreciate the limitations of
fMRI and PET. Attentional processing is likely tocorr on a faster (~ms) time scale then
may be measured by fMRI (~sec), and thus the wrgesjactivation may mask sequential

involvement of different neural regions.

The cognitive theories of selective attention déseal above, all suggest that the
processing of unattended stimuli was a criticacpss to be explained. Cabeza and Nyberg
(2000) reviewed a study (Rees, Frith & Lavie, 199i&d in Cabeza & Nyberg, 2000)
indicating that irrelevant stimuli were attendeddod had associated neural activity) but
only when target detection required little attentitn other words, novel stimuli capture
attention when attention does not have téutlg focussed on the task of target
identification. More recently, Kincade, Abrams, afstv, Shulman and Corbetta (2005)
investigated the neural regions associated witlotleating of automatic (stimulus-driven)
and voluntary attention. These authors manipulateshtion using a cue-target paradigm
with 20 adults aged 18-30 years, and found thaintaty orienting of attention was
associated with the dorsal fronto-parietal netwpdcticularly the intraparietal sulcus and
frontal eye field. There was some overlap withwatton for automatic orienting: in the
frontal eye field and occipito-temporal regionsushby manipulating task demands
and/or conditions, it is possible to identify mepeecific candidate neural regions
associated with automatic and voluntary orientihgttention. However, a limited capacity
for temporal resolution in fMRI studies means tih& important additionally to consider

other neuroscience techniques. In particular, émsitivity of event-related potentials to
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the temporal aspects of cognitive functioning ptdegi an opportunity to investigate the

timing of these processes.

4.1.2. Event Related Potential Correlates of Augli®ensory Processing.

Event related potentials (ERPs) provide electrojhygical correlates of attentional
capture, as they permit investigation of early mativity associated with stimulus
processing (within a few hundred milliseconds ohstus presentation), and with further
processing associated with more conscious cograggessment of the event (e.qg.
>300ms). Two components are of particular intereghie study of auditory stimuli, which
is the focus of this chapter: the N100 (N1) andRBEO (P3).

The N1 has been associated with the monitorindiahges in auditory stimuli and, more
generally, with attentional capture (e.g. Naaté&d?icton, 1987: Naatanen, 1988;
Hillyard, Hink, Schwent & Picton, 1973). It appeasa negative peak between 50 and
~150ms after stimulus onset. However, the N1 corapbis actually associated with a
number of negative peaks occurring within this tinaene, defined by their latency and
topography; for example, the N1b and N1c (Naat&emcton, 1987). The sites of
maximal N1 recording are over the temporal lobesrardline regions. More specifically,
the N1b is the term sometimes used to describBlihiat is evident over central regions,
whereas the N1c is used to describe the N1 appeavier temporal regions (Naatanen &
Picton, 1987). Others simply refer to the N1, peedi by an indication of location, e.g.
central N1 (Senkowski, Linden, Zubragel, Bar & @adt, 2003), or simply to the N1

(Jaaskelainen et al., 2004).

Halgren et al. (1995) examined data obtained udamjh electrodes in patients with
epilepsy, in an attempt to localise the neural geioes of ERP components associated
with auditory processing. These authors found atitw in the posterior superior temporal
plane corresponding to the amplitude and latendfi@N1. More recently, Senkowski et
al. (2003) used dipole localisation to confirm tttet neural generators of the N1 were
within the temporal regions. They described sigmapagation upward to central regions
and laterally to the temporal regions, a findingttis consistent with earlier topographical
descriptions of the ‘N1b’ and ‘N1c’, respectiveb.q. Naatanen & Picton, 1987).
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It has been suggested that the sensitivity of thed\thanges in auditory stimuli reflects
mechanisms (e.g. a ‘pre-attentive gating’) tha@éatinovel stimuli into awareness and
initiate the orienting of attention to that stimsil{daaskelainen et al., 2004). Interestingly,
the amplitude of the N1 appears to be associattdthe salience of the stimulus
(Naatanen & Picton, 1987), such that novel stiraliiit greater amplitudes than other
types of stimuli. This may reflect the potentialpontance of such stimuli for learning, and
indeed for survival if the stimulus indicates dan@geg. car horn) (Friedman et al, 2001). It
may only be inferred, however, that greater noviityamplitude leads to greater capture
of attention. Although a distinction has been mbe®veen the sensory and cognitive
aspects of ERP components, the relationship isrdymahis may be evidence supportive
of the proposition that cognitive processes caluénice earlier sensory processing (i.e.
directed attention can also modulate N1 amplit@hgo & Knight, 1997a).

The second component of interest is the P3, wisidimked with more intensive
information processing; when attention is involvedipdating mental representations of
stimuli (Donchin & Coles, 1988). The P3 is a pastpeak, with maximal amplitude over
midline sites. The latency of the P3 varies betw&@hand 900ms, and its magnitude has
been related to the probability of the stimulughvgreater amplitude for rarer stimuli
(Coles & Rugg, 1995). As the P3 is elicited in pligens that require a response to a rare
(target) stimulus it has been associated with oiett attention (Segalowitz & Davies,
2004), but others have noted that it may be etianelependent of task relevance if the
stimulus is novel (Courchesne, Kilman, Galambosi&chln, 1984). Like the N1, it has
been suggested that the P3 is not a single compaoadrer it may represent a number of
sub-processes reflecting the activity of inter-aaetad neural circuits (Coles & Rugg,
1995). Picton (1992) reviewed the literature anskcdbed three overlapping positive
components within the P3 time-frame: the P3a (~250m3b (~350ms), and a less
specific ‘positive slow wave’. While these subcoments are often difficult to separate,
they may also be considered on the basis of theitimg stimuli. For example, the ‘P3a’ is
elicited by rare stimuli presented in a three-stimuask, and the ‘novelty P3’ is elicited

in a novelty paradigm when a third novel stimulsistroduced but about which the

! Typically in a standard oddball task, one stimusugresented at high frequency, and the othevat |
frequency, with an instruction to respond to th& feequency or ‘target’ stimuli and ignore the high
frequency stimuli in the active version of the taBke target stimuli elicit the P3b.
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individual is not informed (Simons, Graham, MilesGaen, 2001). Of note, the term P3a
is often used to indicate the P3 to novel stimubtudies employing a novelty oddball
paradigm (e.g. Katayama & Polich, 1998); while eshedvocate different nomenclature to
represent potentially separate underlying cognipreeesses (Simons et al, 2001 has
been reported that the P3a is present whethertahagarticipant is attending to the task
(Picton, 1992), but there is also evidence thaPtBearies with the degree of attention
directed towards the stimulus (Opitz, Mecklingatg&erici & von Cramon, 1999), with
greater magnitude associated with increased atterithportantly, the P3 may be
functionally differentiated on the basis of stimaltharacteristics (e.g. target P3, and

novelty P3).

In general, the P3a and novelty P3 are believedpresent immediate attention to the
stimulus, but not memory processing per se (Friedetal., 2001; Segalowitz & Davies,
2004). Memory updating, after initial attentionalpture by the stimulus, is associated with
the later P3b component which has been relatadfdomation processing and indexes the
allocation of attentional resources to updating talerepresentations of stimuli (Polich,
1996). The term P3b is also used to describe the B3get stimuli which is maximal at
parietal regions (Polich, 2004), as the timing asslociated function is similar. The region
of maximal amplitude of the P3b has been founchtosiase from anterior to posterior
regions in younger adults (Fabiani & Friedman, )9@Hich was interpreted by the

authors to represent the maintenance of memorgdraicthe target stimuli.

4.1.2.1. Functional Neuroanatomy of Auditory Segsord Novelty Processing.

The novelty P3 and P3a are maximal at frontal sitesare generated by widespread
neural regions, including the temporo-parietal jtorcand the prefrontal cortex (PFC)
(Friedman et al 2001). In support, using depth electrodes impldim the brains of
patients undergoing monitoring for epilepsy, Hatgamd colleagues (Halgren et al., 1995;
Halgren, Marinkovic & Chauvel, 1998) found widesmleactivation associated with the
orienting of attention. Activation in the dorsolaePFC and the supramarginal gyrus was
associated with the P3a in a standard two-tond@ydddball, whereas activation in the

2 In this study the term P3 will be used, with thefixes ‘standard’, ‘target’ or ‘novelty’ where eslant (c.f.
Friedman, Cycowicz & Gaeta, 2001).
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ventrolateral PFC, superior temporal sulcus andhibpocampus was associated with the
P3b.

Novelty processing, in general, has been linketl wiie PFC and its connections with the
limbic system, specifically the hippocampus (see ¥amaguchi, Hale, D’Esposito &
Knight, 2004). One event-related fMRI study suggéshe extent of neural involvement in
P3 generation: target processing activated bildyettee anterior superior temporal gyrus,
inferior and superior parietal lobules, anteriod @osterior cingulate, thalamus, caudate
and the amygdalae/hippocampal complex, wheread stirauli activated bilaterally the
inferior frontal gyrus, insula, inferior parietaldule, and the inferior, middle and superior
temporal gyri (Kiehl, Laurens, Duty, Forster & Lidd2001). This suggests that there are
differences as well as similarities in the neuathgvays underpinning target (voluntary
selective attention) and novelty (involuntary ati@mal capture) processing. Convergent
information has been obtained from adults withirajury. An ERP study using a visual
novelty oddball paradigm in individuals with frohtabe damage found reductions in the
amplitude of the novelty P3 and reduced attentiomavel stimuli (Daffner et al., 2000)
The authors suggested that infarctions in the PE@uted attentional neural networks,
and that the reduced novelty P3 component refleatietiuated allocation of attention to
novel stimuli. Taken together, these studies sugpasthe P3 is the result of widespread
activation of the frontal and association corticas] that the novelty P3 may be

particularly dependent on efficient frontal lob@dtioning.

Novelty processing involves both detection of nastehuli and habituation, the process by
which novel stimuli become familiar (learned). Etephysiological studies have shown
that there is greater activity over frontal regionth the first presentation of a novel
stimulus compared to activity at this region wigipetition of the same novel stimulus,

indicating evidence for dynamic neural ‘learning’.

% Auditory and visual oddball paradigms activatenfed and parietal regions with overlap (Stevens,
Skudlarski, Gatenby & Gore, 2000).
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4.1.2.2. Habituation to Novelty.

In one of the earliest studies investigating ormenand habituation to novel stimuli,
Courchesne et al. (1975) found that P3 amplitudepeated novel stimuli increased from
frontal to parietal regions with increasing time&spon task. When novel stimuli were
presented only once, P3 amplitude was significantlyeased at frontal and central sites,
but this amplitude decreased with increasing eepeg of novel stimuli. Courchesne et
al. (1975) interpreted the P3 elicited by singleeistimuli as representing an initial
orienting evaluation: “what is it?” (Courchesneakt 1975, p. 141). The authors further
suggested that a ‘continuum of recognition’ inflaed P3 amplitude, with greater
recognition of stimuli being associated with greatevelty P3 amplitude over parietal
regions. Cycowicz and Friedman (1997) also invastig dynamic habituation to novel
stimuli during the course of a testing session,fandd that P3 amplitudes over frontal
regions indeed decreased with repeated exposme/a stimuli, with step-wise
amplitude reductions between children aged 9-1isy@alolescents and adults aged 22-28
years. A decrease in P3 amplitude at fronto-cendgibns with repetition of novel stimuli
was also found in a later study by Cycowicz anediman (1999), however, no P3
amplitude decease was found at parietal sitesheliituation to repeatedly presented
novel stimuli. Based on these findings, Cycowicd Bnedman (1999) suggested that the
novelty P3 was composed of two aspects: a frostaet representing initial orienting to

novelty, and a parietal aspect associated witltaélbegorisation of stimuli.

Debener, Kranczioch, Herrmann and Engel (2002)sasskthe effect of repetition on both
the novelty P3 and the target P3 elicited by antarydnovelty oddball task in 14 adults
aged 25-36 years, in two separate testing sesseves days apart. In the first session,
novelty P3 amplitude was maximal over central regiwithin 230-360ms, whilst the

target P3 was maximal at parietal sites at longgenicies (400-580ms). The novelty P3
was found to decrease between the first and sdwalhdf the first recording session, but
did not differ between sessions (seven day intgrZanversely, the target P3 was reduced
in the second recording session compared to thiestssion, but did not differ between the
first and second blocks of either session. Debehal. (2002) suggested that the reduction
in the novelty P3 from the first to second haltlu first session represented habituation
and initiation of automatic bottom-up processirgynavel stimuli captured less attention

over time. The target P3 decrease was also assdaidgth a reduction in the allocation of
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attentional resources. However this does not &eiglain the pattern of results. It is
possible that there was fast habituation to nowelusi, but that this represented short-term
learning (within the session) rather than longantenemory updating. Either trial-unique
novel stimulus take longer to form a memory traeeduse of their variability within the
stimulus category ‘novel’, or some forms of nov&inslli do not lead to habituation,
because it is not adaptive for them to become aaiically processed, such as the case
with stimuli alerting of danger. The target P3 aiople decrease in the second recording
session may have been due to the memory trace ¢athet stimuli requiring only a small
amount of attention to update the mental repretientalhe behavioural performance of
the task was near ceiling and did not differ betwsessions (all error rates <2.4%). These
findings suggest that task experience may havegedwepisodic recollection of the ease
of the task, which may have influenced the amotiebatrolled processing required to

perform the task.

The habituation of target stimuli has been of eséto a number of other investigators. For
example, Segalowitz, Wintink and Cudmore (2001 )@rad the effect of task familiarity

in 39 undergraduate students using a working metaaky This study found evidence of
habituation, namely, a linear decline in amplitefi¢he target P3 at frontal regions over
time. The reduction in the target P3 amplitude suaggested to indicate familiarisation
with the task. Fabiani and Friedman (1995) alsestigated the effect of repetition on
target stimuli with a subgroup of youngerg 6) and older adult)i= 7), and found that
target P3 amplitude decreased over time. Furthernmothe younger adults, the target P3
amplitude decreased at fronto-central sites withitbation, with similar target P3
amplitudes over parietal regions at all times. Hasvethis effect was absent in older

adults.

Taken together, these results indicate that hatntaan occur with both novel and target
stimuli in younger adults, and that habituatioassociated with reductions in amplitude at
fronto-central locations. It is logical to conclutthat habituation to novel stimuli (typically,
unexpected complex sounds) may take longer thaituladion to target stimuli (typically,
the same deviant tone repeated) due to their greateplexity, and the fact that novel
stimuli are, by definition, unexpected. This maythe reason for the greater interest in
novelty compared to target habituation in the ditere. In partial support, Fabiani and
Friedman (1995) found that target P3 amplitudeldeioadults did not significantly differ
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in location, indicating that although some habituatvas found, as evidenced by the
reduction in target P3 amplitude with time, thisswet associated with amplitude
decreases at fronto-central sites. Of greaterastdo the current study, this pattern of
results suggests that the formation and revisianehory traces, as indexed by the target
P3 (Polich, 1996) and perhaps also the noveltydtfiires more widespread frontal
activity in older adults (Fabiani & Friedman, 199b) support, studies investigating the
effect of age on habituation to novelty have cdesitly found, using both auditory
(Friedman et al., 1997; Friedman & Simpson, 199) dsual (Weisz & Czigler, 2006)
novelty oddball paradigms, that frontal noveltyd@plitudes show reduced decline with
repeated exposure of the stimuli with ageing inghcgthat, within the confines of ERP
studies, older adults do not habituate to novedtynach as younger adults. It is important,
therefore, to consider carefully the more genevalence for attentional-ERP activity in

older adults.

4.1.3. Event-Related Potential Correlates of SgnBovcessing in Normal Ageing.

The N1 and P3 components may be examined to igatstage-related cognitive changes
(Polich, 1996), facilitating our understanding gkeaeffects on attention, sensory
perception and awareness. For example, older egbdemn associated with ERP evidence
of orienting to irrelevant stimuli (i.e. distradiiby), whilst a latency deficit has been
discussed in terms of speech perception problergs@stroff, McDonald, Schneider &
Alain, 2003).

Significant decline in grey matter volumes in thental and temporal lobes (Raz, 2000)
and white matter degeneration in the corpus cattoand frontal regions (Salat et al.,
2005) have been associated with increasing agectinceivable, therefore, that this may
affect the ability to detect and process stimulrégucing the strength of signals along
neural networks, slowing the speed at which thesearks function, and by decreasing
the ability of gating mechanisms in the sensory asgbciation cortices to inhibit irrelevant
stimuli (see Hasher & Zacks, 1988; Jaaskelaineh €2004; Raz, 2000; Salthouse, 1996).
These gross brain changes may also alter the poiwilee underlying EEG (Dustman et al.,
1999), and therefore the ERP components elicitgg-wlated differences in ERP
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components have been found using both standardaredty oddball paradigms, and

some of the findings are now discussed.

4.1.3.1. Standard Two-Tone Auditory Oddball Task.

The standard two-tone auditory oddball paradigmiesn used to investigate age-related
changes in attentional processes. This task magimnistered passively during which
participants ignore the standard (high probabiliydl deviant (low probability) tones, or
actively where participants respond to the devierget) tone; the latter task is likely to
require more top-down focusing of attention (see Bebener et al., 2002). Of note is that
the ERP components elicited by passive and actavapulations with children have been
found to be similar in morphology, amplitude angbtecy (Zenker & Barajas, 1999). To
the author’s knowledge, a similar comparison hasoeen conducted with adults, but

would be informative.

There are some inconsistencies with regard to elgéed changes in the amplitude of the
N1 elicited by the two-tone oddball paradigm. AreteSemlitsch and Saletu (1996)
assessed a sample of 172 participants aged 20a88, yeparated into 6 groups (20-29, 30-
39, 40-49, 50-59, 60-69, 70+ years), and foundgtatdard N1 amplitudes at midline sites
increased with age (-0.Q3//year at Fz and Cz, and -0.0¥/year at Pz). The latency of
the standard N1 was also found to increase withH@gd®@ ms/year at Pz), indicating that
older adults had slower, yet enhanced attenticagatiuce by irrelevant stimuli. In support,
Amenedo and Diaz (1998) also found that standards@roduced an increase in N1
amplitude with ageing in a sample aged 20-86 yesasarated into 3 age groups (20-39,
40-59, 60-86 years). However, no latency differengere found between the groups,
indicating that the timing of attentional capturd dot differ with age in this study. These
authors speculated that older adults may attetastoirrelevant stimuli to a greater degree
than younger adults, because older adults may exyper even standard stimuli as more
ambiguous, and thus more ‘novel’. However, neitffehese studies described the target
N1, which would have provided an interesting corguar for the standard N1 data.
Nevertheless, in support of the proposition thdeokhdults attend to irrelevant stimuli to a
greater extent than younger adults, Chao and Kifigd@7b), using a different ERP
paradigm (delayed matching-to-sample task), fotmad M1 amplitudes to all stimuli were

larger in older adults. This finding may be padkplained by the task requirements of the
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delayed matching-to-sample task, in that each $tismequired a response, whereas
oddball paradigms only require participants to nmmand sometimes respond to target

stimuli with a low probability of presentation.

Other studies have investigated the N1 elicitedtpdard and target stimuli, using a
variant of the active oddball manipulation (e.gjuieing a response to targets). Iragui,
Kutas, Mitchiner and Hillyard (1993) did not findyaage effects on either standard or
target N1 amplitudes, in a sample of 71 participaged 18-82 years, separated into 3 age
groups (18-39, 40-59, 60-82 years). These auttduianally found that the topography
of the N1 for targets and standards was similavsscgroups, with maximal recordings at
central regions. In support of Anderer et al. ()99€ndard N1 latency increased with
age. However, no age differences were found oretad latency. In a sample of 120
participants aged 18-80 years, separated intoaimge groups as Anderer et al. (1996),
Polich (1997) employed both visual and auditorylmaddparadigms, and also did not find
an age-effect on the target N1 amplitude. Howex@nain effect of group was found for
N1 amplitude to standard tones; as actual data marpresented the degree of an age
effect on standard N1 amplitude is not clear. Ne-gedated differences in latency were
found either for standard or target N1. Despitegdeeral null finding of age effects on the
target N1, a negative correlation between age adday target N1 amplitude was found,
suggesting that initial attentional capture of &mgi targets may be sensitive to increasing

age.

Behaviourally, the older adults performed the odidbaks equivalently to younger adults
(Amenedo & Diaz, 1998; Anderer et al., 1996; Pqlit®97). Reaction times in the oddball
paradigm requiring a response to target stimulievedso similar across groups (Iragui et
al., 1993; Polich, 1997). This is an important ¢desation, as a difference in behavioural
performance can have implications for the integdren of ERP data (see Hogan et al,
2005, for a discussion). The finding of decreasshiblvioural target detection in one study
of older adults (Iragui et al., 1993) cannot belaxgd by methodological issues, as this
was the only study both cognitively to screen tkample with the Mini Mental State
Examination (Folstein, Folstein & McHugh, 1975) assess the ability to discriminate
between the stimulus tones. The other oddball esugiported above did not assess the
hearing levels of their older adult participantsd &olich (1997) did not report the use of

any cognitive screening measures. Although the ¢ddiearing assessments may be
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considered a limitation, the equivalent behaviopeaformance of the older and younger
participants in the majority of studies argues agfaany impact impaired hearing may

have had on performance.

In summary, studies have generally found that thefplitude to standard stimuli
increases with age (Amenedo & Diaz, 1998; Anderat.e1996). However, the timing
(latency) of this attentional capture by irrelevattnuli has been found to differ between
studies. It has been suggested that older adétess able to discriminate between
stimulus types requiring attention and may treahesdimulus as ‘new’ (Amenedo & Diaz,
1998). Neither study focussing on the target Nhébany age-related differences in
amplitude or latency (Iragui et al., 1993; PolitB97), suggesting that the timing and the
degree of initial attention to target stimuli weimilar across age groups. However, the
correlation reported by Polich (1997) indicated thare may be a relationship between
increasing age and decreasing N1 amplitude. Thé cooservative conclusion is that
these data suggest that older adults may process aspects of auditory stimuli
differently to younger adults, and that this mayakssociated with normal brain changes in

ageing.

4.1.3.2. Novelty Auditory Oddball Task.

The novelty auditory oddball is a modification bétstandard oddball paradigm that
allows for the investigation of attentional captbseunexpected, novel (e.g. potentially
threatening) stimuli. Controlling for the probatylof novel stimuli and target tones (both
are equally infrequent compared to standard stk novelty oddball allows for the
investigation of novel versus anticipated (e.ggédy ‘deviant’ stimuli. This type of novelty
oddball paradigm also provides greater ecologie&tity as the novel stimuli (e.g. dog
bark, car horn) may be more meaningful to the ildigl in terms of potential threat.

Few studies have used this task to explore thengd®ain, and those data that are
available are as variable in terms of age-relati#drdnces in amplitude and latency of
ERP components as those obtained from the standaiuhll task. In such tasks, younger
and older adults have comparable N1 amplitudedaadcies to standard stimuli (Fabiani

& Friedman, 1995; Friedman, Simpson & Hamberge®3)9unfortunately, Fabiani and
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Friedman (1995) did not report on the N1 elicitgyddrget or novel stimuli in the same
task. In their sample of 10 younger adults (21-28rg), 10 middle-aged (43-55 years) and
10 older adults (65-74 years), Friedman e(1893) additionally found that standard N1
topography was similar across age groups (sedralgoi et al., 1993), showing greatest
negativity over fronto-central regions. SimilarAmenedo and Diaz (1998) and Anderer et
al. (1996), Friedman et al. (1993) did not repbet N1 for target and novel stimuli. Fabiani
and Friedman (1995) found decreasing amplitudeéseostandard (central) N1 from frontal
to parietal regions in younger adults< 8, age range 22-28 years), whereas the older
adults 6 = 8, age range 65-88 years) showed no significdierences across the midline
regions. This suggests that the older adults hadra equal distribution of negativity

associated with the standard N1.

Similar to ageing studies using the standard odidiésH, studies utilising the novelty
oddball task have not found age effects on RT (fnien et al., 1993) or accuracy of
identification of the target tone (Fabiani & Friedm 1995). Interestingly, however,
Friedman et al(1993) found that older adults provided more falsgms (erroneous
manual responses) to novel stimuli. Although nodifference was found in response
bias, discrimination (a measure of sensitivitytte stimuli) decreased with age for the
novel stimuli, indicating that the novel false atsrwere due to the older adults being less
sensitive to the difference between the stimulig@iman et al.1993). Both studies
screened for hearing thresholds and excluded paatits with significant hearing
impairments (>35dB; and/or difference between 22@dB; and/or difference between
best and worst threshold >30dB), and increasesdhane for participants who had
hearing impairments which were not severe enougbach the exclusion criteria
(borderline cases). It is therefore unlikely the tlecrease in sensitivity to novel stimuli,
as measured by the discrimination index, was dine&ing deficit in a proportion of the
participants. However, it would be of interestrgastigate the possibility that false alarms
are confined to novel stimuli (Friedman et al., 399/eisz & Czigler, 2006), as this might
indicate a degree of ‘startle’, potentially infleed by individual level of anxiety, or if
false alarms also occur in association with stashdamuli (e.g. Friedman et al., 1993), in
which case performance may be considered to bea@gneore impulsive and/or less
inhibited. Of note, Hogan, Butterfield, Phillipscarladwin (2007) found that anxiety,
within the normal range, modulated the N1 in claidrwith higher amplitudes in those

with higher levels of anxiety. Another limitatior this literature is that studies do not
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consistently describe/compare the N1 elicited leydifferent stimulus types (standard,
target and novel). Notwithstanding these concehesN1 amplitude age-differences that
are described typically occur in the presence ofmabtask behaviour, indicating that
differences in initial sensory perception may hbite effect on subsequent behavioural
performance. In other words, whilst it may be cdesed that older people process stimuli

slightly differently, their behavioural responsee aimilar to those in younger people.

The investigation of the later P3 component hasigeal more consistent findings with
regards to age-related changes. Anderer et al6j180a relatively large sample of 172
participants aged 20-88 years, found that the augdiof the target P3 decreased with age
at the midline sites (-0.12 and -0.1%/year Cz and Pz, respectively) and the latency
increased (0.97, 0.92, 0.92 ms/year Fz, Cz anteBpectively). Indeed, the finding of
age-related reductions in target P3 amplitude aackases in P3 latency has been shown
in numerous studies (Amenedo & Diaz, 1998; Chaorégkt, 1997b; Fabiani &
Friedman, 1995; Friedman et al., 1993; Iragui £t1893; Polich, 1997; Weisz & Czigler,
2006). Friedman et al. (1993) also described diffeP3 topography with ageing. For the
target P3, older adults € 10, age range 65-74 years) had a predominaihyet
activation whereas the younger< 10, age range 21-28 years) and middle aged1(,

age range 43-55 years) groups had more parietabdigons. Novel stimuli were
associated with an increased frontal compared s$tepor activation in all age groups.

In one of the most recent studies of older adidisgua novelty visual oddball paradigm,
Daffner et al. (2006) found that high functioninger adults ¢ = 16,M Age 73.0, SD

4.9), categorised by performance in the top thectentile on a range of
neuropsychological tests, had greater novelty P3iardes compared to older adults with
average performance € 15,M Age 70.1, SD 4.3). Furthermore, better performance
tests of attention and executive function was dated with increased P3 amplitude over
the midline = .44). This suggests the importance of controlfordevel of cognitive

function, as well as hearing level.

Habituation to novelty in ageing has also beenstigated using the P3 elicited by novel
and target stimuli. As described above (p. 100pj&a and Friedman (1995) found some
evidence of target P3 habituation in a subsampt#dar adults. Others have investigated

habituation to novelty using a visual oddball pagad(Weisz & Czigler, 2006), and an
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auditory oddball paradigm (Friedman, Kazmerski &Qwyicz, 1998), and found little
evidence of habituation to novelty in older adutiswever, the discrepancies between
these studies with regard to age-related differentéhe amplitude of the novelty P3
overall, indicates that further investigation oblaation in ageing is warranted. Another
reason for this is the interesting differences3rtépography emerging from some studies.
For example, there is evidence that novel stinmglisssociated with a more frontal
orientation in younger and older adults (e.g. Fmed et al., 1993). There are age-related
differences in the topographical distribution afget P3 activity over the same frontal
regions. Younger adults typically show a more gatieompared to frontal distribution of
activity in association with target stimuli, whiaiay represent fast habituation to a simple
type of stimuli. In contrast, older adults haverbémind to show more widespread
distribution of activity at frontal and parietalgiens to the same target stimuli (Fabiani &
Friedman, 1995). This pattern of electrical acyivt the scalp suggests that older adults
require additional neural resources to process basit target stimuli and to support task
performance, although this cannot be assessedBEREhcomponents and topographical
maps alone, and/or that they fail to habituatditoudi as efficiently as younger adults. In
support, a link has been hypothesised betweenadsetP3 latency and a reduction in
dendrites and myelin in the frontal regions (Amemé&dDiaz, 1998). The reported
increased latency of the target P3 (e.g. Amenedna&, 1998; Chao & Knight, 1997b;
Fabiani & Friedman, 1995; Friedman et al., 1993idRp1997), may indicate that the
process of initiating memory updating is constrdimeageing; in other words it is less
likely that an individual will habituate to sometlgi that they have not had the opportunity
fully to procesd Alternatively, Fabiani and Friedman (1995) sugegshat older adults

are less able to inhibit processing of irrelevaimsli and need the recruitment of frontal
regions to help them in this task, possibly dumtoeased memory decay and difficulties
in maintaining mental representations. This is aiskicated by increased false alarms to
novel stimuli (Friedman et al, 1993; Weisz & Czigl2006). Such hypotheses may only be
tested by analysis of the degree to which oldeitsdtcompared to younger adults,
habituate to novel stimuli during the course oftidmk, and by investigating topographic
alongside amplitude data.

“ Polich (1996) suggested that P3 latency was aasatcivith the timing of stimulus evaluation.
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4.1.4. Aims of the Study.

With regard to the Stuss et al. (2001) HoP modsicids in Sensorimotor Awareness may
exist, with potential to impact on higher levelsagfareness, associated with frontal lobe
(executive) functioning. One of the aims of thedstwas to investigate how the N1 and P3
components associated with basic auditory stimaly elarify the degree to which this
level of awareness is affected by the ageing pseoc&secifically, it was considered that
any significant behavioural or ERP difference be&mwgounger and older adults,
associated with the processing of basic auditonywsit, may indicate a deficit in
Sensorimotor Awareness, with potentially adversesequences for higher levels of
awareness. The novelty auditory oddball paradigs agaministered to allow for
simultaneous investigation of online habituatioméwel stimuli, a function potentially
reflective of the importance of interacting sensarior and executive function levels of
awareness (Levels 2 and 3 in the Stuss et al., BoO®P1model). In order to address these

aims, the following hypotheses were tested.

1. Novel stimuli would elicit a larger N1 and P3pense compared to both standard and

target stimuli.

2. Older adults would have attenuated and delayd® Eéomponents compared to younger

adults.

3. Older adults would show more widespread origngpattern) of activity compared to

younger adults.

4. Younger adults would show reduced frontal atiivawith repeated exposure to novel

stimuli, but this pattern of activity would be rexhd or absent in older adults.

5. Higher level of anxiety would be associated wiither N1 and P3 amplitudes to target

and novel stimuli.
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4.2. Method.

4.2.1. Participants.

Twenty-six older adults (OAY Age 69.3, SD 6.7) and 17 younger (YM:Age 21.9, SD
4.4) were administered the novelty auditory oddpatiadigm. However, due to

insufficient numbers of trials for the target aralel waveforms (<15 trials in each), one
YA and five OA were excluded from the analysis.tRar, problems with access to
audiometry equipment resulted in failure to obta#aring levels in a proportion of the
remaining sample (31.1%), and thus the sound pressvel could not be correctly
determined in these individuals. Exploratory stat#d analysis revealed that data were not
normally distributed; those without hearing asses#featured in the tail of the
distribution. It was, therefore, decided to limmiadyses to those OA and YA who had had a
corrected sound pressure level. The final sampkcsanposed of 14 OA Age 69.1, SD
7.1) and 13 YA Age 20.3, SD 3.6); this sample size is larger tiase included in
earlier ERP studies of ageing using a novelty oliglaaadigm (e.g. Fabiani & Friedman,
1995; Friedman et al., 1993). Importantly, the OW & A subgroups were comparable in
terms of general intellectual ability as measungdthie Raven’s Standard Progressive
Matrices (Raven, Raven & Court, 2000): Q.= 39.7, SD 3.2; YAM = 39.8, SD 3.1t

(24) = .095p = .925.

4.2.2. Measures.

1) Novelty Auditory Oddball Paradigm.

Permission to use this paradigm was given by DrsfEo Baldeweg, Developmental
Cognitive Neuroscience Unit, UCL Institute of ChHgkalth, auditory stimuli were
presented via headphones. Sound pressure levatisnoili (65dB: level 1 = <25 dB loss;
75 dB: level 2 = 25-40 dB loss; 85dB: level 3 = d®loss) were set for each participant
depending on their hearing threshold level (OAelebn = 11; level 2n = 2; level 3n=1,
YA: level 1n=13). Stimuli (200ms, 5ms rise and fall time) wptege sinusoidal tones:
standard tone (1 kHz, 0.8 probability) and targeet(1.5 kHz, 0.1 probability), and
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computer generated novel sounds (e.g. dog barky trat, car horn, 0.1 probabifiyy

with stimulus-onset-asynchrony of 900 ms. During tilsk, participants were requested to
sit as still as possible and look at a static im@geall watercolour landscape) on the
screen. They were asked to press a mouse buttanhgawing the target tone, but were not
informed about the novel stimuli. A practice trdl8 standard tones randomly interspersed

with 4 target tones was administered to ensure that

participants could discriminate between the tomesumderstood the instructions. All
participants were able to perform the practicd sugcessfully on the first attempt.

i) The Hospital Anxiety and Depression Scale (HAZ&mond & Snaith, 1983)
(described in Chapter 3).

i) anxiety subscale

i) depression subscale, with higher scores refleaif more negative affect.

4.3. ERP Acquisition and Processing (see Sectiod 3Chapter 3 for detailed

description).

The EEG was recorded using NeuroScan SynAthpsplifiers at a sampling rate of
500Hz (band-pass 0.05-70Hz) from 24 leads located lateral and midline sites, using a
ground lead situated at Fp1l, and referenced tedimkastoids. Impedance was maintained
at less than 15K. Vertical (right eye) and lateral ocular electre@mabled offline blink
reduction according to a standard algorithm (Sectitet al., 1986). EEG data were
epoched at -200 to 1000 ms centred on presentaftistimuli, baseline corrected at -200 to

0 ms, and artefact rejected at 3u¥5 Data were averaged according to stimulus type

® The novelty auditory oddball paradigm includedemially identifiable (meaningful) and non-ideraiile
novel stimuli. Research has shown that meaningfuéhstimuli may additionally elicit the N400, assated
with semantic categorisation of stimuli (e.g. Meogkr, Opitz & Frederici, 1997; Opitz et al., 199@Jhilst
the current study was designed to assess sensenyi@bal processing, rather than semantic procgsgi
would be of interest to investigate overlapping N4@tivity to determine if some novel noises wegen
meaningful, and thus perhaps elicited greatearenessthan other stimuli.
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(target, standard and novel). The two componenitstefest (lateral N1; central RiIP3)
were identified and defined on the basis of theigrgrand average as the maximum peak
within a specified time frame: lateral and cenial (70 — 250 ms) and P3 (200 — 520 ms).

4.4. Habituation Analysis.

Fourteen different novel stimuli were presented| each was repeated up to four times
during the paradigm, facilitating an explorationhabituation to novel stimuli in ageing.
Novel 1 represents the P3 amplitude from the gearetage ERP derived from the first

presentation of the novel stimuli, Novel 2, thes®&tpresentation, Novel 3, the third

presentation and Novel 4, the fourth presentafitus factor was labelled ‘time’.

4.5. Statistical Analysis.

Shapiro-Wilk tests of normality were conducted $sess fit with the normal distribution.
The percentage of hits and false alarms to th@selstvas calculated in addition to the
target RT, and analysed using Independent Samhpdsts. ERP data were analysed using
mixed-design ANOVA for amplitude and latency of th& and P3 components separately:
stimulus (x3: low, target and novel), lead (foefa N1, x2: T7 and T8; for central N1
and P3, x3: Fz, Cz and Pz) and group (x2: OA angl. B#gnificant interactions were
explored using ANOVA and Independent Samplests. For the examination of novelty
habituation, data from Fz and Pz were subjectedntixed-design ANOVA model with
group as the between subjects factor, and timeNr#el 1 {I* presentation}, Novel 2,
Novel 3, Novel 4) and location (x2: Fz, Pz) asuh#hin-subjects factors. Planned (a
priori) tests were also conducted to explore afferéinces in habituation of novel stimuli

at the frontal (Fz) location.

® The reader is reminded that the N1 has two subooems (Senkowski et al., 2003): a lateral compbnen
that is maximal over the auditory cortex, and amesrromponent that is maximal over the fronto-caint
midline regions. Both components are generateddratditory cortex but the lateral component isrtdted
radially (outward), whereas the central compongwutrientated tangentially (upward).

" A separate analysis of the central and lateraiii4 conducted to measure these subcomponents Nithe
(see previous footnote). Furthermore, Hogan €2807) found that anxiety modulated the lateral &id

not the central N1.
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4.6. Results.

4.6.1. Behavioural Responses.

Mean scores and standard deviations are presenieable 4.1. This reveals that target
detection and reaction times to targets were etgnvacross groups. However, OAs
responded erroneously to standard stimuli morendfian YAst (25) = 2.63p =.014.
There was no group difference in the rate of falaem responses to novel stimuli.

Table 4.1. MeanSD) for target hits, target RT, novel false alarmd atandard false

alarms.

Younger Older

n=13 n=14

Target hits (%) 96.3 (5.1) 92.7 (9.8)
Target RT (ms) 427.3 (40.9) 451.1 (56.9)
Novel false alarms (%) 4.3 (6.1) 6.0 (5.2)
Standard false alarms (%) 0.3 (0.3) 15017t
Note. T p< .05.

4.6.2. ERP Components.

4.6.2.1. Lateral N1 Component.

Amplitudes and latency means are presented in FaBleOnly a stimulus main effect was
found for the amplitude of the lateral N1 over ¢ghalitory cortexF (2, 50) = 44.69p <

.001. Post hoc analyses found that novel N1 angaituas greater than standard N1
amplitude p < .001), and that the target N1 amplitude was grdhan that of the standard
N1 (p <.001). There was no difference between targenavel N1 amplitude, suggesting
that the lateral N1 may have been sensitive toutisnprobability, but not to stimulus
novelty. The lack of group main effects on eithex amplitude or the latency of the lateral
N1 indicates equivalent magnitude and timing ofrbeactivity associated with auditory

sensory processing in the temporal lobes in YA@Adsee Table 4.2.).
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4.6.2.2. Central N1 Component.

4.6.2.2.1. Amplitude.

Amplitudes means are presented in Table 4.2, and]drity due to multiple significant
values, the results of the ANOVA model are presgmelable 4.3. This shows that main
effects of stimulus, location and group were fotmrthe central N1 amplitude. Post hoc
analyses confirmed that, irrespective of grouplandtion, the greatest amplitude was
associated with novel stimuli compared to thatitelicby both target stimulp(= .043),

and standard stimulp(< .001). Target N1 amplitude was also significatdrger than that
of the standard N1p(< .001). Further analysis of the location maireeffrevealed that the
location of maximal N1 amplitude was Cz compareBizand Pz (both <.001). The N1
amplitude at Fz was significantly greater than #te®z p < .001), as suggested in Figure
6.1. The main effect of group indicated that, refgss of stimulus type or location, the
OAs had significantly lower N1 amplitudes compat@® As. However, as indicated in
Table 4.3, there were no significant interactioassMeen group and either stimulus type or

location.

4.6.2.2.2. Latency.

Latency means are presented in Table 4.2, anc#udts of the ANOVA model are
presented in Table 4.4. A main effect of stimuluswlso found for the central N1 latency,
explained by longer novel N1 latency compared tih barget N1 latencyp(= .009) and
standard N1 latencyE .009). As shown in Table 4.2, in the YA groupespective of
location, N1 latency was shortest for target stinwahereas for the OA group, N1 latency
was shortest for standard stimuli. This resulted significant interaction between
stimulus and group (see Table 4.4). Further analy@esaled that this was driven by a
group effect for standard stimuli onky,(1, 25) = 7.93p = .009. A location by group
interaction was also found (Table 4.4) indicatiogdgraphical differences in the timing of
the N1 between the groups, irrespective of stimtyps. There was a main effect of group
only over the frontal regions (F#j,(1, 25) = 7.72p = .010. It was of interest to
investigate the possibility of a significant gradifference confined to standard stimuli at
Fz, and this was indeed found (see Table 4.29uinmary, these data suggest a frontal

orientation associated with the processing of stechdtimuli in older adults.
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Table 4.2. Mean3D) peak amplitudes and latencies of the central dlLlateral N1

components for younger and older adults.

Younger

Older

Amplitude (V)

Younger

Older

Latency (ms)

Lateral

T7 Novel
T8 Novel

T7 Target
T8 Target
T7 Standard
T8 Standard
Central

Fz Novel

Cz Novel
Pz Novel

Fz Target
Cz Target
Pz Target
Fz Standard
Cz Standard
Pz Standard

4.1 (2.0)
-4.1 (2.6)
-4.5 (1.5)
4.4 (2.1)
-1.8 (1.0)
2.3 (1.1)

7.7 (2.0)
-9.7 (2.5)
5.7 (2.1)
-8.2 (2.0)
-7.9 (2.0)
5.1 (2.1)
-3.4 (1.8)
-3.9 (2.0)
3.2 (1.3)

-4.6 (2.8)
3.5 (2.7)
-4.5 (3.5)
-3.3(2.3)
-1.4 (0.9)
-1.2 (1.0)

6.5 (2.7)
-8.4 (5.3)
-5.8 (3.7)
5.5(2.3) t
5.8 (3.1) t
-4.0 (2.4)
2.3 (1.4)
-2.7 (1.6)
-2.7(1.6)

154.5 (23.7)
164.0 (33.0)
165.2 (31.6)
168.6 (24.0)
159.2 (24.5)
177.1 (18.3)

165.1 (30.9)
156.5 (14.7)
143.5 (18.7)
156.9 (38.6)
151.4 (42.5)
133.5 (18.1)
177.7 (49.4)
152.0 (33.6)
142.6 (17.7)

164.3 (27.1)
150.9 (19.5)
174.4 (42.7)
158.9 (25.7)
143.4 (27.3)
151.3 (24.5)

156.7 (20.6)
171.0 (37.3)
168.4 (34.8)
141.6 (14.8)
146.3 (31.7)
148.4 (32.8)

133.4 (10.3) t

136.1 (10.4)
138.0 (12.6)

Note. T p< .05 (Post hoc Independent Samplessts).
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Table 4.3. Results from the ANOVA model for the ttehN1 amplitude.

df F p
Main Effects Stimulus 2,50 34.70 <.001
Location 2,50 25.12 <.001
Group 1,25 4.24 .050
Interactions Stimulus X Location 2,50 15.35 <.001
Stimulus X Group 2,50 0.69 .509
Location X Group 4,100 2.45 .096
Stimulus X Location X Group 4,100 0.40 811

Note.Significant effects irbold type; Stimulus = standard, target, or novel stimul

Location = Fz, Cz, or Pz; Group = Older or youngeults.

Table 4.4. Results from the ANOVA model for thettahN1 latency.

df F p
Main Effects Stimulus 2,50 5.10 .010
Location 2,50 2.98 .060
Group 1,25 0.50 486
Interactions Stimulus X Location 2,50 0.93 453
Stimulus X Group 2,50 5.29 .008
Location X Group 4,100 9.52 <.001
Stimulus X Location X Group 4,100 0.36 .839

Note.Significant effects irbold type; Stimulus = standard, target, or novel stimul

Location = Fz, Cz, or Pz; Group = Older or youngeults.

4.6.2.3. P3 Component.

4.6.2.3.1. Amplitude.

Amplitude means are presented in Table 4.5. As sliowable 4.6, there were main

effects of stimulus and location for P3 amplitu@ike stimulus main effect is examined
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first. Post hoc examination revealed that noveByaRplitude was significantly greater

than that of target P3 (see Figure 4.1), and stdn@a (bothp < .001) amplitudes. Target
P3 amplitude was also greater than that for stahstanuli (o < .001). The main effect of
location (Table 4.6.) was explained by the fact R amplitude at both Cz and Pz was

significantly greater than that recorded at Fz{adl.001).

The stimulus by group interaction (Table 4.6.) aadéd that there were group differences
in P3 amplitude for different stimulus types, anthi@e way interaction with location
suggested the presence of topographical differedtese interactions were explored in a
series of post-hoc analyses and by examining thétseof the planned group comparisons
(Table 4.5). A main effect of group was found atfF¢1, 25) = 7.55p = .011, and

stimulus by group interactions were found at E£2, 50) = 6.20p = .004 and P#; (2,

50) = 6.85p =.002. The results of planned comparisons comfitthat OA had higher
standard P3 amplitudes at Fz, Cz and Pz, comparéA {see Table 4.5 and Figure 4.2),
and lower target P3 amplitudes at Pz, but highgalitunes at Fz compared to YA (see
Table 4.5 and Figure 4.3).

4.6.2.3.2. Latency.

Latency means are presented in Table 4.5, anct#udts of the ANOVA model are
presented in Table 4.7. There was a main effestimiulus type on P3 latency. Standard
P3 latency was found to be significantly shortamthoth target P3 latency € .004) and
novelty P3 latencyp(= .019); a difference between target and noveXyakency fell just
short of statistical significance € .053). A stimulus by group interaction (Table)4vas
explored and main effects of group were found fandard stimulifF (1, 25) = 9.05p =

.006, and novel stimulF; (1, 25) = 19.91p < .001, supported by group differences at each
location on planned comparisons (see Table 4.8rdatingly, standard P3 latency in the
OA group was shorter compared to YA, whereas tiposite was found for novel stimuli,
indicating that the processing of standard stivals fastest in OA, and the processing of

novel stimuli was fastest in YA.
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Figure 4.1. Grand average waveforms for targetreowvet| stimuli at frontal and parietal

regions in younger and older adults.

Fz

Table 4.5. MeanSD) peak amplitudes and latencies of the P3 compdnegbunger and

older adults.
Younger Older Younger Older
Amplitude (V) Latency (ms)

Fz Novel 7.2 (4.3) 10.3 (5.0) 318.3 (59.9) 387316 T
Cz Novel 13.1 (5.7) 10.5 (5.7) 295.1 (61.6) 3958.%) T
Pz Novel 13.1 (5.3) 10.4 (3.7) 366.5 (19.0) 41687 t
Fz Target 3.1(3.5) 6.3(4.2) T 362.2 (69.1) 3(7&4)
Cz Target 8.3 (5.1) 4.9 (6.0) 370.0 (85.0) 4138.4p
Pz Target 12.1 (5.3) 6.6 (6.1) 393.4 (75.0) 4189%0)
Fz Standard 0.0 (1.0) 24 (2.7t 379.7 (89.4) 2[4.0) T
Cz Standard -0.4 (1.1) 26(1.6) t 362.6 (100.1) 1.£2830.1) t
Pz Standard -0.6 (0.9) 12(1.2)t 3475 (97.8) .e@®.7)t

Note.t p< .05 (Post hoc Independent Samplessts).

117



Table 4.6. Results from the ANOVA model for thedBplitude.

df F p
Main Effects Stimulus 2,50 72.89 <.001
Location 2,50 11.26 <.001
Group 1,25 0 .950
Interactions Stimulus X Location 2,50 17.78 <.001
Stimulus X Group 2,50 3.56 .036
Location X Group 4,100 14.71 <.001
Stimulus X Location X Group 4, 100 10.77 <.001

Note.Significant effects irbold type; Stimulus = standard, target, or novel stimul

Location = Fz, Cz, or Pz; Group = Older or youngeults.

Figure 4.2. Target P3 Amplitude: Stimulus by Grdifferences.
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Figure 4.3. Target P3 Amplitude: Location by Grdifferences.
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4.7. Results from the ANOVA model for the P3 latgnc

df F p
Main Effects Stimulus 2,50 7.92 <.001
Location 2,50 3.13 .053
Group 1,25 0.05 .820
Interactions Stimulus X Location 2,50 4.96 .001
Stimulus X Group 2,50 11.01 <.001
Location X Group 4,100 2.10 133
Stimulus X Location X Group 4,100 1.32 267

Note.Significant effects irbold type; Stimulus = standard, target, or novel stimul

Location = Fz, Cz, or Pz; Group = Older or youngeults.

4.6.3. Habituation to Novel Stimuli.

The amplitude of the P3 in relation to time of nisstemuli presentation can be found in

Table 4.8. As shown in table 4.9, there was a rafiect of location, and an interaction

between location and group for the P3 amplitudgetioer, these findings indicate that,
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consistent with the stimulus comparison data prteseabove, Pz was the location of
maximal P3 amplitude in YA, whereas OA had increasental (Fz) orientation,
irrespective of time spent on task. The interactias driven largely by a main effect of
group at FzF (1, 25) = 6.92p = .014.

Of particular interest was a significant interaotlmetween group and timg,(1, 25) =

8.02,p =.009. As revealed in Figure 4.4, this interactiepresents a decrease in novelty
P3 amplitude with time in the YAs, and an increims®As. Planned comparisons revealed
group differences at the third and fourth presématf the novel stimuli at Fz, and at Pz
for the first presentation (Table 4.8). Thus, OAsl significantly increased P3 amplitudes
for the third and fourth presentations of novehstii at Fz compared to YA.

Table 4.8. Mean3D) peak amplitudes of the P3 component to noveluiipresentations

for younger and older adults.

Younger Older
Amplitude (V)

Fz Novel 1 9.6 (5.0) 9.9 (5.3)
Fz Novel 2 8.6 (5.3) 10.7 (5.2)
Fz Novel 3 6.4 (5.9) 13.4(79) t
Fz Novel 4 6.6 (7.4) 12.2 (6.1) t
Pz Novel 1 15.1 (6.4) 105(5.1) t
Pz Novel 2 13.6 (6.4) 9.5 (5.8)
Pz Novel 3 14.7 (7.9) 11.9 (5.7)
Pz Novel 4 14.1 (6.3) 13.1 (6.3)

Note.t p < .05 (Planned comparison, Independent Santpésss).
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Table 4.9. Results of the ANOVA model for the haation of the novelty P3.

df F p
Main Effects Time 3,75 0.52 .668
Location 1,25 12.07 .002
Group 1,25 0.04 .851
Interactions Time X Location 3,75 0.79 .503
Time X Group 3,75 3.15 .030
Location X Group 1,25 14.50 .001
Time X Location X Group 3,75 0.90 444

Note.Significant effects irbold type; Stimulus = standard, target, or novel stimwdcation =

Fz, Cz, or Pz; Group = Older or younger adults.

4.6.4. Planned comparisons between level of ansietyN1 and P3 components.

As shown in Table 4.10, there were no relationshgisveen level of anxiety and the
amplitudes of the N1 and P3 components elicitethlget and novel stimuli in either group.

These results indicate that anxiety did not mo@udgther initial attentional capture or later

attentional processing of stimuli requiring a resgor of unexpected novel stimuli.
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Figure 4.4. Topographical maps of the effect ofituation on scalp distribution of electrical actiwfor younger and older adults.
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Table 4.10. Pearson product-moment correlationsdest anxiety and N1 and P3 amplitudes in youngemooter adults.

Target Novel
N1 P3 N1 P3

Anxiety Fz Cz Pz Fz Cz Pz Fz Cz Pz Fz Cz Pz
Anxiety -39(.15) -29(08) -17(03) .04@0 -10(01) -10(.01) -32(10) ~-.05(.00) (1B3) -12(.02) -17(.03) -.16(.03)
N1 Fz .18 (.03) 75(56)t  .53(.28) 29(00) .B2Yt .58(34)t .34(12) 16(.03)  -14(.02) 1 (®O) 32 (.10 40 (.16)
Cz 13(02) .81(66)t 87(76)t .13(02) (®B) 53(.28) 32 (.10) .39 (.15) 13(02) -(@>)  .01(.00) .11 (.01)
g Pz -12(02)  .35(12) 50 (.25) 10(.01) Bt  .53(.28) .18 (.03) 35 (.12) 15(02) «(IW) -.04(00) -.02(.00)
E P3 Fz -17(.03) .32 (.10) 21(.04)  -.20 (.04) 6®Bjt 58(34)t .17 (.03) .09 (.01) A18(.03) 9(B2)t .60(36)t .32(.10)
Cz .02 (.00) 22 (.23) 34(.12)  -.08(00) .70).49 92(85)t .36(13) 35 (.12) 35(12) (8b) .69(48)t .58(34)t
Pz .17 (.03) .28 (.08) 49 (.24) 26 (.07) 41 (17).77 (59) t .18 (.03) .09 (.01) .08 (.01) 351 54(29)t .54(29)t
N1 Fz 23(05) .56 (31)t  .46(.21) 51 (.26) W) .34(12) A4 (.19) 84(71)t 57(32)t 3(D2) .30 (.09) .16 (.03)
Cz 32(.10) 43 (.18) 28(08) -10(01) .12J0 -04(00) -25(06) .35(.12) 87(76)t  (0W0) 21 (.04) .09 (.01)
T Pz -11(01) .12 (.02 13 (.02) .23 (.05) 0®).0 .11(01) -13(02)  43(18) .70(.49) (TB) 36 (.13) .26 (.07)
S P3 Fz 05(.00) -04(00) .23(.05) .28 (.08) 30®[.0 .37(.14) 22 (.05) 53 (.28) .30 (.09) 551.30 81(.66)1T .55(.30)t
Cz 10(.01) -04(00) .28(.08) .25 (.06) A8J.0 .63(40) T .49 (.24) 44 (19) .02 (.00) 331 .80(.64) 1 87 (.76) t

Pz .11 (.01) .02 (.00) 36 (.13) .18 (.03) 15).02 .69 (.48)t .81(66)t .31(10) -39(15) -(1BR)  .40(.16) .73(53)f

Note OA (n = 13) data above the line; YA € 12) data below the line;d= .05;R? values in parentheses.
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4.7. Discussion.

The present study investigated Sensorimotor Awaiteageing. It was hypothesised that a
novelty auditory oddball paradigm would provide aans to explore the effects of ageing on
Sensorimotor Awareness, the second level of awasanehe HoP model described by Stuss
et al. (2001). As predicted, the amplitude of tHeadwd P3 were greatest for novel stimuli
irrespective of age, but only the P3 significamtistinguished novel from infrequent target
tones. Additionally, and as predicted, longer Nd BB latencies were found for novel than for
target and standard stimuli. Although this studymbt find consistent amplitude attenuation
and delayed latency in the older adult group, ssuidle age-related effects were evident:
central N1 amplitude was attenuated in the oldeftagin particular for target stimuli; N1
latency to standard stimuli was shorter; stand&drplitude was increased; and, the latency
was shorter in OA compared to YA. It was also higpstsed that OA would show more
widespread distribution of electrical activity coanpd to YA, and this was partly confirmed
by an increased frontal orientation of activityr@tation to target stimuli, and in relation to
novel stimuli in the novelty habituation analygtmally, this study tested the hypothesis that
habituation to novelty would be altered by the nalrageing process, and this was indeed the
case. Importantly, these results were not confoditiyegpossible decline in hearing thresholds,
level of anxiety, or by reduced intellectual fuoctj evident in the comparable Raven’s SPM
scores. The implications of these findings are tih@tageing brain is able to distinguish
between stimuli, and may thus be considered to basi sensory awareness compatible with
intact Sensorimotor Awareness, but subtle diffeesnparticularly in latency and topography,
suggest that more widespread neural networks qrereel to facilitate this processing (e.g.
Cabeza, 2002). This conclusion is now discussegdater detail.

The behavioural performance of the older adulthécurrent study replicated earlier,
consistent findings of equivalent target detectioross age-groups (Amenedo & Diaz, 1998;
Anderer et al., 1996; Fabiani & Friedman et al93;%Friedman et al., 1993; Polich, 1997;
Weisz and Czigler, 2006). Previous studies havemgdy found that reaction times in oddball
paradigms do not differ between age groups (Falsidfiedman et al., 1995; Friedman et al.,
1993; Iragui et al., 1993; Polich, 1997), and th&s also found in the present study. Critically,
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this suggests that ERP latency differences occtirdrabsence of increased behavioural
response times. One possibility is that as theoresptime for both groups typically exceeded
400ms and the N1-P3 complex amplitude maximumsroegyrior to 400ms, there was time
to compensate for any early sensory processingegiancy between groups allowing normal

initiation of the motor response.

The findings from the current study replicate artbed knowledge about attentional
processing in younger and older adults. In lindpitevious studies (Amenedo & Diaz, 1998;
Friedman et al., 1993; Iragui et al., 1993), th@otraphical distribution of the N1 was similar
across groups, with maximal recordings at cen&gilans for each stimulus type; this was
despite the overall reduced N1 amplitude in oldkidts. In contrast to the previously reported
finding that older adults have increased N1 amgétto standard stimuli in standard oddball
tasks (Amenedo & Diaz, 1998; Anderer et al., 1986) a lack of age-related standard N1
amplitude differences in the novelty auditory odtdfgabiani & Friedman, 1995; Friedman et
al., 1993), the present study found that oldertachdd reduced N1 amplitudes to all stimuli.
Increased, standard N1 amplitude in older adulteenstandard oddball was interpreted to
indicate attentional capture by irrelevant stinfAimenedo & Diaz, 1998; Anderer et al.,
1996), and it was proposed that older adults mag batendency to treat all stimuli as ‘new’
(Amenedo & Diaz, 1998; Friedman & Simpson, 1994)e Tack of age-related differences in
the standard N1 in the novelty paradigm (Fabiafir&dman, 1995; Friedman et al., 1993)
may indicate that both younger and older adulteedsrd standard stimuli to an equal extent,
when presented in the context of additional notigldi that demand greater capture of
attention. Thus, the differences between the ptetady and that of Amenedo and Diaz
(1998) may be more methodological than real. Howete N1 for target and novel stimuli
(note Amendo and Diaz administered a standard didaltiza novelty oddball task) was not
reported in any of these studies limiting any mmoesningful comparison with the present
study. It may simply be concluded that the overdiuction in N1 amplitude presented herein
suggests that automatic attentional processing) sfimulus types in an auditory novelty

oddball task is attenuated in older adults.
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The latency of the standard N1 did not differ vatie in previous novelty oddball studies
(Fabiani & Friedman, 1995; Friedman et al., 1998y, in the majority of the published
standard oddball studies (Amenedo & Diaz, 1998rat al., 1993; Polich, 1997). However,
Anderer et al. (1996) did find that standard N&taty increased with age. Conversely, the
present study found that standard N1 |latedegyreasedvith age, indicating a degree of faster
attentional capture by what are essentially baakapicstimuli in the older adults. This finding
is compatible with an earlier proposition that elddults have an automatic selection bias for
irrelevant standard stimuli (e.g. Amenedo & Dia298; Anderer et al., 1996).

The topographical distributions of the target andeity P3 in younger and older adults in the
current study replicates those already reporteédariterature. Studies have consistently
found that the target P3 is associated with a ogudrietal (Cz-Pz) maximal distribution in
younger adults, whereas older adults have beenrstma have an additional frontal
orientation (Amenedo & Diaz, 1998; Fabiani & Frieaim 1995; Friedman et al., 1993; Iragui
et al., 1993). The topography of the novelty P@e frontally orientated (Fz) in all age
groups; however, this frontal distribution is gexah older adults (Fabiani & Friedman, 1995;
Friedman et al., 1993). Another consistent findmthe literature is that the target P3 is both
attenuated and delayed in older adults (Amenedaa%,[1998; Chao & Knight, 1997b;
Fabiani & Friedman, 1995; Friedman et al., 1998gui et al., 1993; Polich, 1997; Weisz &
Czigler, 2006). Although the current study did fintl a main effect of group on P3
amplitude, post hoc analyses found that targetmditude at parietal regions was attenuated
in older adults supporting earlier studies. Rediterge, however, when it is noted that target
P3 amplitude was, by contrast, significantly greatdrontal regions in older compared to
younger adults. The greater parietal orientatioaatiivity to target stimuli in younger adults
has been interpreted to indicate the delegatidattEntional work’ to association cortices,
whilst the greater frontal orientation found in @dhdults may be indicative of an impairment
in the ability to construct and sustain mental espntations of stimuli (Fabiani & Friedman,
1995); essentially, even target (recognisable)dtimay have been treated as ‘novel’ by the

older adults.
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The current study did not find any age differenicethe novelty P3 amplitude, contrary to the
findings of Fabiani and Friedman (1995), but sintylido the findings of Weisz and Czigler
(2006), indicating that immediate controlled attentto stimuli, as indexed by the novelty P3
(Friedman et al., 2001; Segalowitz & Davies, 200¢gs equivalent across groups. The
standard P3 is not typically reported in the litere, possibly because a specific higher
cognitive function has not been assigned to thisgmnent. However, if it is assumed that
even frequent, background stimuli may elicit soragrde of attentional processing, then it is
possible to conclude that older adults attendandsrd stimuli to a greater extent than
younger adults. The current study indeed foundifsogmtly increased P3 amplitudes to
standard stimuli in older adults, suggesting thaté is increased allocation of attentional
resources to updating mental representations &f stiimuli. In other words, older adults

appear to be working harder just to process baésmib.

A significant delay of the target P3 in older aduias been consistently reported (Amenedo &
Diaz, 1998; Fabiani & Friedman, 1995; Friedmanl ¢t1893; Iragui et al., 1993; Polich,

1997; Weisz & Czigler, 2006), indicating that tivaibg of controlled attention for the
formation and maintenance of memory traces of tangeslower in older compared to

younger adults. Contrary to previous studies, tireenit study found that the latency of the
target P3 did not differ between older and yourggeups, such that memory updating
occurred within a similar time frame. The prese¢ntyg also found a strong trend for the

timing of the novelty P3 to be faster than the éaf®3, and this is in line with previous studies
(Fabiani & Friedman, 1995; Friedman et al., 1998)reover, this is consistent with
interpretations of the functional significance loé hovelty P3, namely immediate attention to
the stimulus, but not memory updating per se (Fniza et al., 2001; Segalowitz & Davies,
2004). Of particular interest here, however, wasfthding that older adults attended to
standard stimuli more quickly than younger addltsis may be interpreted as further evidence
of a selection bias for standard stimuli, and/ongr immediate controlled attention to novel
stimuli compared to younger adults. Only two prergigtudies (Friedman et al., 1993; Weisz
& Czigler, 2006) found that older adults gave digantly more false alarms to novel stimuli,
interpreted as more impulsive responding and/ar ilgsibition. The current study did not find

any age-related differences in false alarms to Instvauli. Nevertheless, false alarms to
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standard stimuli were increased in the older adaltsxding shared with Friedman et al.
(1993). Alongside evidence already described tiebtder adults in the current sample might
have a bias towards standard stimuli, this suggedticit in the inhibition of attention and
responses to standard stimuli. The longer novatiakency in older adults may also represent
impaired disengagement of attention to irrelevaatel stimuli (Weisz & Czigler, 2006). This
finding is of importance, as novel stimuli can eg@nt potential danger requiring an
immediate response. One implication of this findsthat older adults are slower to process
and respond to these novel types of stimuli, faneple, a delay in processing a warning car

horn may result in an accident.

In summary, the current and previous studies haved an attenuation of the target P3 in
older adults, suggesting that the allocation adrdatbnal processing, and updating of memory
traces of target stimuli is reduced. Taken togetier equivalent target detection and reaction
times of older adults, suggests that this atteationpairment did not have an impact on
behavioural performance. An alternative interpretais that reduced attentional capabilities
in older adults do not negatively impact on perfante, due to the simple requirements of the
task, and the potential for older adults to comp&n#or longer processing latencies before the
response is executed. A more difficult oddball dagan with increased attentional load, for
example, by including a fourth category of stinelig. stimuli with a similar tone to targets),
may make the discrimination of targets harder Jitating the exploration of possible effects

of age-related attentional impairments on targéa®n, but this would also make greater
demands on working memory and thus be less focussattentional processing per se.
Perhaps more pertinent, it may not be assumedhés¢ ERP findings reflect the quality of
cognitive functioning in everyday life, and few gtes have attempted to validate such claims
by looking for associations between ERP componeamds for example, behavioural indices of

memory and awareness.

The current study also investigated habituatiothefnovelty P3 in younger and older adults
and found, in line with previous studies (CycowdcEriedman, 1997; 1999; Friedman et al.,
1997; Friedman & Simpson, 1994; Weisz & CzigleQ@)) that younger adults had a

reduction in novelty P3 amplitude at frontal reg@amnth repeated exposure to novel stimuli.

128



Novelty P3 amplitude at parietal regions did ndtediwith time in younger adults, in line

with Cycowicz and Friedman (1997; 1999). Older &slshowed a different pattern of activity
over time. Specifically, there was no evidenceatsituation of the novelty P3, rather an
increase in frontal orientation was found with gesing time spent on task. Although there
are already consistent findings for a lack of haddion to novelty in older adults (Friedman et
al., 1997; Friedman & Simpson, 1994; Weisz & Czigk906), the present study also makes
some new observations. For example, the increserital activity with time contrasts with
the report of Weisz and Czigler (2006), who foulnat thovelty P3 amplitude in older adults
did not significantly change with time at any laoat The differentiation of activity at frontal
and parietal regions in the younger adults is cdiblgawith the proposition that the novelty
P3 is composed of two aspects: a frontal aspect¢septing initial orienting to novelty, and a
parietal aspect associated with the categorisatiegtimuli (Cycowicz & Friedman, 1999).
Indeed, Courchesne et al. (1975) suggested thahifidrom frontal to parietal orientation
with repeated novel stimuli was influenced by redbign and learning. The results of the
present study therefore suggest that younger agydidly habituate to novel stimuli,

providing evidence of learning in this group. Tletasting increase in frontal novelty P3
amplitude and orientation in older adults, togethi¢h the findings of their selective bias for
attending to frequent stimuli, suggest instead tiwate is a failure to inhibit the processing of
all types of irrelevant stimuli, and that each stius is treated more as ‘new’ than as ‘familiar’
(cf. Amenedo & Diaz, 1998). Thus, this may redulteepadults’ capacity for habituation and
learning to which Courchesne and colleagues refemeportantly, the increase in frontal
activity to novel stimuli in older adults is alsalikely to be explained by an increase in their
startle response, as there were equivalent, I @ftfalse alarm responding to novel stimuli
across groups (YA = 4.3%; OA = 6.0%). As novel slirmay also represent a threat, the
perception and awareness of such stimuli may aein€ed by emotional factors, such as
anxiety. However, there were no significant asg@na between anxiety, as measured by the
HADS, and the N1 and the P3 amplitude in eitheugrdVhile this suggests that the current
findings are unlikely to be due to an exaggeratartls response in older adults, it would be of
considerable interest to investigate this poss$ybifiore methodologically, perhaps using other

autonomic nervous system measures of startle suefeablink.
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In conclusion, the lack of consistent amplitudeuatbns and delayed latencies in the older
adults, suggests that there is not necessarilgl@abteduction in underlying EEG power. The
neural generators of the N1 have been locateceisuperior temporal plane (Halgren et al.,
1995), with dipole localisation identifying lateta@hd tangential signal orientations
(Senkowski et al., 2003). The similar central Ndagraphy and lack of group effects for the
lateral N1 suggest that the neural generator oNthenay not be altered as a function of age.
The reduction in amplitude at fronto-central regiomay be due to a reduction in the
propagation of this signal, for example, by myelegeneration (Bartzokis, 2004); cell
shrinkage (Raz, 2004); and/or increases in cerpbralsspaces (Good et al., 2001; Raz,
2000). The lack of response time differences (ctifig processing speed) argues against any
functional significance of the former hypothesksowever, signal propagation differences
may also account for the different amplitude aneray differences found for the P3
components, particularly as the neural generatioitseoP3 components are more widespread.
Such conclusions are currently limited by the latktructural and functional imaging data for

the older adults in this study.

Frontal orientation of target P3 amplitude in olddults has been interpreted to represent
reduced frontal lobe functioning (Fabiani & Friedma995; Fabiani et al., 1998); on the basis
that anefficientfrontal lobe would permit fast habituation assteglawith a shift in the
management of simple target detection to the asoi(parietal) cortex. The increase in
frontal activity in older adults has been hypotkedito represent the need for continued
updating of mental representations of target stindule to greater working memory decay
and/or impairment in the maintenance of these megitnaces (Fabiani & Friedman, 1995).
Indeed, previous studies have found relationshgpsden age-related deficits in tests of
frontal lobe functioning and reduced P3 amplitudaffner et al., 2006; Fabiani & Friedman,
1995; Fabiani et al., 1998), supporting the hypsiththat the frontal orientation of the target
P3 indexes diminished frontal lobe functioning.hligh the current study did not find any
age-related differences on the Ravens’ Matricéssiaof abstract reasoning and problem
solving which are, arguably, frontal lobe functiptise study did find evidence of subtle
distractability/non-selectivity (response to stadstimuli). Such a relationship may be

130



further elucidated by the inclusion of a more rmes frontal-lobe targeted neuropsychological
test battery.

4.7.1. Summary.

Sensorimotor Awareness is at the second leveleoSthss et al. (2001) HoP model, and is
proposed to result from the processing of sensdoymation in the posterior regions of the
brain. The current study found differential effeafsage on Sensorimotor Awareness; there
were no consistent reductions in amplitude or deiayatencies of the N1 and P3
components. Initial attentional capture (indexedhsyearly N1 component) by all types of
stimuli was reduced in older adults, with evidefmend of a selective bias for standard
stimuli, and topographical data suggested defigitse maintenance of memory for targets.
The reduction of frontal lobe habituation in thded adults also suggested that their ability for
dynamic learning was altered. Later, controlleddog/n processes may compensate for
earlier (e.g. N1) deficits in sensory perceptiog.(&lain, McDonald, Ostroff & Schneider,
2004), and the increase in the frontal orientatibtarget and novel P3 found in the older
adults provided support for this proposition, pararly as there were no behavioural

differences in target detection or reaction times.
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Chapter 5. Performance Monitoring

The ability to monitor behaviour, recognise erramnsl take remedial actions when necessary is
fundamental to effective and adaptive cognitive beldavioural performance. These skills are
described as components of performance monitodrgg Rabbitt, 1966). A fundamental
assumption of this chapter is that performance-tang requires the ability to hold
information on-line (in working memory) about thdes for correct task performance, to

focus and switch attention, initiate and co-ordenglhysical responses to compatible and
incompatible stimuli, and have awareness aboudtiadity of performance in order to make
moment-by-moment adjustments to behaviour. Thexeianilarities between these functions
and those proposed by Stuss et al. (2001) to cemghie third level of the HoOP model, namely
executive function; a function necessary for orgation of sensory information.

In earlier research into performance monitoringorecorrection and post-error slowing
provided behavioural measures of error detectiehcampensatory actions (Rabbitt, 1966).
More recently, electrophysiological (ERP) corretabé performance monitoring have
indicated the existence of an error monitoring na@ctm in the brain. The discovery of an
ERP component associated with the occurrence efran has been particularly important to
this field of study: the error related negativityiginally called the ‘Ne’: Falkenstein,
Hohnsbein, Hoorman & Blanke, 1991, but more wideglgwn as the ERN: Gehring, Coles,
Meyer & Donchin, 1993). The ERN is a negative dgften that occurs after an erroneous
response, and has been interpreted as a respomsenng mechanism (Falkenstein et al.,
1991; Gehring et al., 1993). Error processing imeslthe detection of errors through the
comparison of the actual response with the onfipeesentation of the correct response;
more specifically, the ERN reflects this comparipoocess (Falkenstein et al., 1991,
Falkenstein, Hoormann, Christ & Hohnsbein, 2000hi@3wy et al., 1993). The study presented
in this chapter was designed to assess perfornmann#oring and its associated ERP and
behavioural correlates in normal ageing.
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5.1. Introduction.

5.1.1. The Error Related Negativity.

The ERN occurs at the same time or very soon aft@rroneous response, and is maximal at
fronto-central sites (Falkenstein, Hoorman, Ch&istiohnsbein, 2000). The onset of the ERN
is concurrent with electromyographic (EMG) activatysociated with the execution of an
incorrect response (Coles, Smid, Scheffers & Ott@05). Source localisation and fMRI
studies have indicated that an important neura¢igear of the ERN is the anterior cingulate
cortex (ACC: Carter, Braver, Barch, Botvinivk, N&8lICohen, 1998; Gehring & Knight,
2000; Herrman, Rommler, Ehlis, Heidrich & Fallgat2®04; Yeung, Botvinivck & Cohen,
2004). However, patient lesion studies have alg@iaated the lateral PFC in the generation
of the ERN signal (Gehring & Knight, 2000; Ullspergvon Cramon & Muller, 2002). More
recently, evidence from patients with frontal lotleite matter damage, but with intact ACC
and lateral PFC grey matter, suggested that thdicma functioning of these two regions is
important to the generation and propagation oBR& (Hogan, Vargha-Khadem, Saunders,
Kirkham & Baldeweg, 2006).

The ERN is typically elicited in speeded choiceesse tasks, but may represent a neural
error detection signal that is similar across aewihge of paradigms (Gehring et al., 1993).
There has been much debate about the functionafisance of the ERN. Early opinion
sought to categorise published evidence into thygparting an ‘error-detection’ interpretation,
and that supporting a ‘conflict-monitoring’ viewhik division appears to have outlived its
usefulness, as more recent studies have investihate functions associated with each model
may be examined within one paradigm (e.g. Hogaa. e2006). Nevertheless, it is important
briefly to consider the theoretical assumptionsantyihg each approach. The error-detection
model states that the ERN represents a monitorimcegs: if there is a mismatch between the
actual and the intended correct response thenransggnal will be produced (Coles,
Scheffers & Holroyd, 2001; Falkenstein et al., 1;98dlkenstein et al., 2000; Gehring et al.,
1993; Scheffers & Coles, 2000; Scheffers, Colesn&ein, Gehring & Donchin, 1996). The

conflict-monitoring model states that the ERN ig#ection of increased stimulus-response
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conflict (Botvinick, Braver, Barch, Carter & Cohe2)01; Carter et al., 1998). There is,
however, little evidence to support the propositioet the ERN is differentially sensitive to
conflict (however, see Gehring & Fencsik, 2001 )ctsdismissal of the conflict-monitoring
interpretation of the ERN relies on the interpiietabf thetiming of conflict processing in a
stimulus-response task. In other words, monitoohigesponse conflict may be expected to
occur on seeing the incompatible stimuli (e.g.\wloed blue in red ink in a Stroop-like task)
rather than only at the post-response (ERN) stHges, ERP components associated with
conflict-processing may be found across the stisiakiwell as response-locked waveforms.
Indeed, a stimulus-locked component termed the &&2bieen shown to be sensitive to the
degree of pre-response conflict (Kopp, Rist & Matl996). The N2 was found to have early
(N2b) and late (N2c) subcomponents, with the ldteng associated with response primiing
(Kopp et al., 1996). Interestingly, van Veen andt€a2002) found that a single dipole model
accounted for both the N2 and ERN, suggestingatiafiict detection may actually underlie

both negative components.

In summary, performance monitoring is likely to @ahwe both response conflict and error
detection processes. Therefore, it is importamestigate the response-locked ERN within
the context of stimulus-locked components sucthad\2 and N4, to provide a more
comprehensive account of performance monitoringoitantly for the present study, there is
agreement that the ERN provides a measure of aitperformance monitoring, and that
some degree of awareness of executive functionbeagferred by its presence; in order to
adapt performance it is necessary to recogniseethats have occurred. In order to examine
the relationship between performance monitoringamdreness in more detail, and following
the lead of more recent ERN investigation, a comuiom of ERP assessment with self-report

measures of performance was employed (e.g. Sch&f€oles, 2000).

5.1.2. The Correct Response Negativity.

A negative deflection, similar to the ERN, occugin the response-locked waveforms

associated with correct response trials has baerfon numerous studies. This negativity has

! In the current study, following the nomenclatufédogan et al. (2006), the terms N2 and N4 willsed.
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been termed the correct-response negativity (CRMumber of explanations have been
offered to account for the CRN: as evidence faesponse evaluation process (Vidal,
Hasbroucq, Grapperon & Bonnet, 2000; Vidal, BuBennet, Grapperon & Hasbroucq,
2003); as an emotional process (Falkenstein e2@00; Vidal et al., 2000), influenced by
personality and mood (Hajcak, McDonald & Simon€)£20_uu, Collins & Tucker, 2000);

and as a result of stimulus uncertainty (Pailing&galowitz, 2004). The CRN may also
represent a small amount of conflict associatetl witongruent stimuli when presented
alongside congruent stimuli. For some authorsimhbgnitude of the difference between the
CRN and the ERN is considered to be the most irapbrheasure, representing the “true Ne,
which is dependent on response correctness” (Fstigiern 2004, p. 7). The difference between
the CRN and ERN indexes the functional integrityhef error detection system (Falkenstein,
2004).

5.1.3. The Error Positivity.

A third response-locked component has been lingkgrétformance monitoring, namely a
later, positive peak occurring after the ERN, tedrttee error positivity (Pe). The Pe is
maximal at centroparietal sites and peaks ~300tes af error response (Falkenstein et al.,
2000; Nieuwenhuis, Ridderinkhof, Blom, Band & K@&Q01). Some authors have investigated
the possibility that the Pe is a reflection of omgo(stimulus-locked) P3 activity (Falkenstein
et al., 2000; Davies, Segalowitz, Dywan & Pailigg01). For example, Davies et al. (2001)
suggested that “the Pe is a P3 response to theahetection of errors” (p. 191), due to the
timing and morphology of the waveforms. Howeverulat al. (2000) found that the
topographical distribution of the Pe differed stighirom the P3, indicating separate
components, and Falkenstein et(2000) found that the Pe and P3 were not similar
components as they varied within participants. cBigally, in some participants a Pe was
absent, whilst a clear P3 was present. In addittePe did not differ between stimulus

modalities, whereas the P3 was larger after vistuauli.
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More importantly for the study of awareness, thenBebeen suggested to represent conscious
awareness of an error (Nieuwenhuis et al., 200daMat al., 2000). This hypothesis is
contentious. For example, Falkenstein et al. (208@uing strongly against this
interpretation, have suggested instead that threflaets later error-processing activity that is
independent of the processing linked to the ERMujpport, Herrmann et al. (2004) reported
different generators for each component, concluthag they represented different features of
error processing. In a review of the functionahgiigance of the Pe, Overbeek, Nieuwenhuis
and Ridderinkhof (2005) outlined three hypothesies affective-processing hypothesis; the
behaviour-adaptation hypothesis; and the error-emess hypothesis. The affective-
processing hypothesis posited that error monitanctyded an emotional component,
evidenced by modulations of the ERN and Pe witlatieg affect (e.g. Hajcak et al., 2004).
The behaviour-adaptation hypothesis stated thatédeahactions were dependent on the
amplitude of the Pe (Nieuwenhuis et al., 2001) Isthihe error-awareness hypothesis posited
that the Pe was modulated by awareness that anh@swccurred (Nieuwenhuis et al., 2001).
With regard to the behaviour-adaptation hypothdkeye is inconsistent evidence for a
relationship between the ERN/Pe and compensatdrgvieurs (e.g. Falkenstein et al., 2000;
2001; Gehring et al., 1993; Gehring & Fencsik, 20@lthough Nieuwenhuis et al. (2001)
found that longer post-error slowing was associatigld increased Pe amplitudes, this result

was interpreted as evidence for the error-awaremgssthesis.

5.1.4. Experimental Manipulations of Response Mwitiy Components.

Numerous experimental paradigms have elicited RN:EStroop, Flanker, choice reaction-
time tasks, Go/No Go, picture-name matching, sooremory, antisaccade and mental
rotation (reviewed in Overbeek et al., 2005; sse &alkenstein et al., 2000), indicating that

the ERN may represent a generic feature of intezrral detection.
In one of the original studies, Gehring et al. @P8mployed a flanker task with three

conditions emphasising speed or accuracy or bath,fimancial rewards and losses for speed

and errors, respectively. The sample was compdsédtodents aged 18-26 years. ERN
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amplitude was greatest for the accuracy-emphasisedition, indicating that the ERN may

be modulated by motivational factors, such as perémce accuracy and/or financial gain.
Interestingly, the greater the amplitude of the ERM¢ greater the likelihood the error would
be corrected. Larger ERN amplitudes were also &ssacwith post-error slowing (response
slowing on the next trial). This suggests an inting relationship between error detection and
compensatory actions. Similar to Gehring et al9@)9Hajcak, Moser, Yeung and Simons
(2005) also found that the ERN amplitude was assediwith motivational significance; the
amplitude of the ERN was greater when the monetalye of errors was high and also when

participants believed that their performance wasdevaluated.

There has also been a focus on different typesrofs e.g. those that are committed
deliberately compared to those that result frora trahavioural ‘slips’. Stemmer, Witzke and
Schonle (2001) found that deliberate errors didatiott an ERN or Pe, indicating that the
ERN is an internal measure of an unintended eagpanse, or a momentary lapse in
attention. In support, Gehring and Fencsik (2004)ng a paradigm with hand/foot responses,
found that ERN amplitudes were greater when ther @md correct responses were similar,
for example, using the incorrect hand when a hasganse was required. In addition, whilst
post-error slowing was found in the analysis ottiem time (RT) data, this was not related to
ERN amplitude. This is in contrast to the resuft&ehring’s earlier study (Gehring et al.,
1993), but the authors suggest that contradicesylts were due to the use of a hand-foot

manipulation in the later study.

An important caveat was provided by Herrmann e28l04) who found that ERN amplitudes
were reduced with a greater number of errors. hggests that as the individual experiences
greater ambiguity about the accuracy of their perénce (reflected in an increased error
response) the ERN decreases. The ERN may be depanrdthe individual being aware of
task rules, and if that level of awareness decliagler through poor understanding of the
task initially, poor working memory, and/or lapseattention, then the magnitude of the ERN
will decrease, but that this decrease may not sacégbe due to a failure of the error-
detection system per se. An alternative, but nainisistent interpretation could be that the

ERN is modulated by habituation to making erransyther words, the individual may become
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resigned to their poor performance. However, tineag also be a methodological explanation
for the Herrmann et al. (2004) finding that is diyuaalid. ERP convention dictates that
single error trials are averaged together to craaterror waveform, but variability in the
latency of the ERN in each single trial can redineeamplitude of the ERN in the averaged
waveform (termed ‘latency jitter’ in the literatuf@icton et al., 2000). For example, consider
four individual ERN components occurring at 50, 1080 and 200ms in one person, and
another four individual ERN components occurring3t48, 49 and 50ms in a second person.
When averaged together, the grand average wavéfottme first person will appear to be of
longer latency and have lower amplitude than tlaadmaverage waveform in the second
person, which will look more like a ‘sharp peakre@ter ERN latency variability in the single
trials, perhaps due to increased numbers of aieds,tmay have led to the reduction in the
ERN amplitude reported by Herrmann et al. (2004).

5.1.5. Associations between ERN/Pe, Remedial Astaord Measures of Awareness.

By accepting that the ERN represents an intergalsiof error detection, it is possible to
consider a relationship with awareness of onliméopmance. Postdiction of performafdes
been employed as an index of working memory. It adag reflect the integrity of the
individual's awareness, as a degree of awareneag pbrformance is necessary to facilitate
the individual's ability to comment on their penfeance when asked to do so (see Section
2.6.1, Chapter 2). Scheffers and Coles (2000) fahatigreater ERN amplitudes were related
to greater perceived inaccuracy in a sample ofdufit® On a trial-by-trial basis, participants
were required to rate their performance on a figgvpscale ranging from ‘sure correct’ to
‘sure incorrect’. Although these authors did ndtokate discrepancy scores between
perceived and actual performance, which is tygicéthe psychology postdiction literature,
they did find that correct trials were associatéith\greater perceived accuracy (‘sure
correct’), indicating that the sample had “awarsnmashe inaccuracy of behaviour”
(Scheffers & Coles, 2000, p. 149). This is oneheffew studies to make explicit a link
between ERN amplitude and awareness of perform&mmher study suggested that the Pe,

2 postdiction is the individual’s assessment ofrtherformanceafter they have performed the task.
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rather than the ERN, was more related to awarehiksswenhuis et al. (2001) investigated
awareness in a sample of 15 students aged 18-28 ged found that ERN amplitude did not
differ with degree of error awareness in an antiagde task. This task required participants to
direct their gaze to the opposite direction to @ €dn completion of each trial, subjective
ratings of error performance were made. In contagite lack of a relationship between ERN
amplitude and awareness, Pe amplitude was greatexdognised errors. Moreover, contrary
to the report of Gehring et al. (1993), post eslowing was found only for perceived errors.
Post-error slowing may reflect a conscious decisiosiow down in order to prevent the
occurrence of further errors; the individual maygmsefully attempt to improve performance
on subsequent trials. It follows that if an er®nbt perceived then the individual may not
know to slow down. This, however, remains specutathll that may currently be concluded
is that there is likely to be a complex relatiopsbetween the ERN and compensatory
behaviour, particularly as there were no ERN amgétdifferences between perceived and
unperceived errors (Nieuwenhuis et al., 2001). Ezoorection also provides an indirect
measure of error awareness, but this occurs vacklguafter the error (typically <800ms) and
may reflect concomitant activation of the corresdponse hand at the same time as the
incorrect response hand, rather than a true caoreof an errot. Indeed, Falkenstein et al.
(2000) investigated individual ERN and Pe ampligifte errors that were subsequently
corrected and those that were not. They found am&RN and Pe amplitudes for corrected
and uncorrected errors. This finding suggestseirat correction may not solely be dependent

on either error detection or error processing dexed by the ERN and Pe.

Whether or not an error is compensated for in tesfisimediate correction or post-error
slowing, it has the potential to elicit an emotibresponse. Few studies, however, have
considered a relationship between performance-momi ERPs and autonomic nervous
system activity, which is also regulated by the AEi@jcak, McDonald and Simons (2003)
found that ERN amplitude did not correlate withtheate change, skin conductance response

or post-error slowing. In contrast there were datiens between Pe amplitude and skin

3 De Jong, Coles, Logan and Gratton (1990) fountttteae was a point between the motor cortex aad#nd
before which the original incorrect response signal/ be intercepted and changed (in which caseeiponse
will look like a normal correct one), however,lifet corrective signal intercepts at a point afterttireshold, then
the incorrect response will be immediately followsdthe correct response, but it is not an erroremtion per
se.
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conductance responge=.55), and post-error slowing £ .48). Based on these findings, the
authors extended the proposition of Nieuwenhua.€2001) by suggesting that the Pe
represented error awareness. Specifically, theyhesiped a “visceral” component to error
detection (Hajcak et al., 2003, p. 901), but théswelated more to compensatory actions than
the ERN. Also of note, the ERN was reduced withatgeerror rates, predating the influential

findings of Herrmann et al. (2004).

In summary, ERN amplitude has been found to beiémited by motivational factors, such as
performance accuracy and monetary gain (Gehriad),€1993; Hajcak et al., 2005).

Individual differences in affect in non-clinicalregles have also been found to modulate ERN
amplitudes (Hajcak et al., 2004; Luu, Collins & Kac, 2000), with greater ERN and reduced
Pe amplitudes in those classified as having higlatnee affect (Hajcak et al., 2004). ERN
amplitudes can be influenced by salience (Berngteal., 1995; Falkenstein et al., 2000),
error rate (Hajcak et al., 2003; Herrmann et &Q04), response-conflict (Gehring & Fencsik,
2001), and greater perceived inaccuracy (Scheffe€sles, 2000). The Pe has been linked to
conscious recognition and awareness of an err@u(ienhuis et al., 2001), but not to the type
of error (Falkenstein et al., 2000). Findings d&tienships between the ERN and Pe and
compensatory error-correction/post-error slowirgyrarxed, indicating that the processes
involved in electrophysiological correlates of menhance monitoring may not necessarily

contribute to the processes underlying remediabast

5.1.6. Performance Monitoring Components and Ageing

There have been few studies investigating the effeageing on ERP correlates of
performance monitoring. However, there is evidandbe metacognitive literature to indicate
that older adults have comparable performance miamg abilities to younger adults (see
Section 2.6.1.3, Chapter 2). With regard to behaaloperformance, Falkenstein et al. (2000)
found in two studies comprised of 12 younger adalged 19-25 years, and 12 older adults,
aged 55-65 years, that older adults had longerdR@isncreased post error slowing but
comparable error rates and error correction ratgeunger adults. However, older adults had

significantly reduced ERN and Pe amplitudes in cangon to younger adults in both a four-
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choice response (4CR) and flanker task. Falkensteah (2000) failed to find consistent
amplitude reductions in stimulus-locked compon€R& the N2 and N4 were not measured),
indicating that the ERN and Pe amplitude reductiwwase not simply reflective of a global
power reduction in the underlying EEG. Moreovercasparable error rates were found
between the groups, the reduction in ERN and Pditargs was unlikely to be due to
increased error rates in older adults (cf. Herrmetred., 2004). Similar findings were found
by Mathewson, Dywan and Segalowitz (2005) in tHRNEand Pe amplitudes elicited by both
a flanker and source memory task were reduceckin dider adults, and also by Band and
Kok (2000) using a mental rotation task. The samgerted by Mathewson and colleagues
consisted of 16 younger adults aged 19-26 yeard @rudder adults aged 61-85 years. In
support of Falkenstein et al. (2000), older adwise slower to respond in both tasks, but,
conversely, the older adults had a greater numibemraors in the flanker task and a greater
number of false positives in the source memory.tikkthewson et al. (2005) also
investigated the effect of RT variability on the@itude of the ERN and Pe, and found that
although older adults had significantly increasdovariability compared to younger adults,
no relationships were found with the amplitude meas for either group. Moreover, ERN
amplitude was also not related to error-rate inegitask. However, after controlling for age,
higher Pe amplitudes were associated with fewergrAn alternative interpretation of this

finding is that individuals with higher error ratemy become habituated to making errors.

In a later study with 11 younger participants a@)@e?5 years and 11 older adults aged 54-65
years, Falkenstein, Hoormann and Hohnsbein (20§dipndound ERN amplitude reductions

in older adults in 4CR and flanker tasks. Howewergffect of age was found on CRN
amplitude. To the author’s knowledge this is thy gublished study that has conducted
systematic, single-trial analyses on the youngdrader adult data to investigate the possible
effects of latency jitter. The single-trial analgdeund that older adults had generally lower
ERN amplitudes and longer latencies, and greaaedstrd deviation (SD) of ERN amplitude
and latency. These findings, nevertheless, fuitigicate that error detection is both
attenuated and delayed in older adults. The sgmficontribution of the study by Falkenstein
and colleagues is that ERN amplitude reduction doarolder adults is not purely an artefact

of the averaging process; although increased lgt8bcsuggests some amplitude reduction by
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single-trial latency jitter. The decreased ampkt&D indicates that the ERN amplitude
reduction is not due to a greater absence of tHé iBRome of the single trials recorded from
older adults, but rather due to an actual ampliredeiction in the ERN in the older adults
(Falkenstein et al., 2001).

Few studies have investigated performance monganrageing and Alzheimer’s disease
(AD), although it is clearly of interest to segérformance-monitoring is affected by a
disease associated with deficits in awarenessSgeton 1.3.4, Chapter 1). Mathalon et al.
(2003) conducted a study with 12 patients with AMDAge 76.2, SD 5.7), 10 youngeM (Age
21.2, SD 2) and 10 older adultd Age = 75.3, SD 5.1). In contrast to Falkensteial 2000;
2001), these authors found CRN and ERN, but noafelitude reductions in older adults
compared to younger adults. However, it is impdrtamote that Mathalon et al. (2003)
employed a picture-name matching task, a paradagetyrused to elicit the ERN. This task
relies on language and semantic memory, wheredsRheis typically elicited in speeded
choice response paradigms that elicit ‘slips’ dfac(Stemmer et al., 2001). It may be that
errors associated with semantic retrieval defigtilt in performance-monitoring components
that differ in morphology to those elicited by atiparadigms. Mathalon et al. (2003) also
investigated stimulus-locked components associattdthe processing of the stimulus prior
to the occurrence of the response. They did ndtdimy differences between younger and
older adults in either N1 or P3 amplitudes; ERBrlates were not reported. In summary, the
small number of published studies limits the cosidaos that can be drawn about the
functional significance of the ERN, CRN and Pegeiag. There is, however, evidence that

performance monitoring and error detection arenatdited with ageing.

5.1.7. Aims of the Study.

The third level of the Stuss et al. (2001) Hier@ashof Processing (HoP) model, Consistent

Consciousness, relies on executive functioninginability to organise sensory information

underlying and supporting behaviour. Deficits @ tevel of awareness can result in an

incoherent and unrealistic representation of thregreand their world, which may in turn
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impact on self-awareness at the highest levelefitbdel (Stuss et al., 2001). The term
executive functioning encompasses a broad rangegfitive functions, including attention,
working memory, cognitive control and conflict pessing. The performance of complex
tasks depends on the interaction and organisatienah cognitive (executive) processes and
incoming sensory information. There are considiedings within the literature of subtle, but
specific, executive function deficits in older adulsee Section 2.5, Chapter 2). More
specifically, increased RTs and intra-individuatighility in performance of cognitively
demanding tasks are related to age (Mathewson, @08l5; Salthouse, Nesselroade & Berish,
2006; Shammi, Bosman & Stuss, 1998). Little is knplaowever, about specific alterations in
brain activity that potentially underlie such chaagThe aim of the present study was to
investigate performance monitoring in healthy ageas a means of exploring the integrity of
Stuss et al.” (2001) third level of awareness teoladults. A secondary aim was to explore
the possibility that brain function changes witkeiag, perhaps in relation to underlying

structural changes.

The performance monitoring ERP paradigm employeatisistudy (Hogan et al., 2005) has
two equally probable conditions: compatible andmgatible stimulus-response. The
incompatible condition manipulates task complexggponse conflict, henceforward ‘task
complexity’. The paradigm provides measures assatiith performance monitoring at the
level of stimulus-processing: pre-response confhid); allocation of attention (P3b and SW
and response-conflict priming (N4); response-maimtp error detection (CRN-ERN); and,
error processing (Pe). In addition, behaviour vsagstigated in terms of error rate and RT,
and remedial actions: error correction and posiresiowing. The inclusion of postdiction
report of performance accuracy provided a metativgnneasure of the individual's

performance monitoring abilities.

* The positive slow wave (SW) was described by Ri¢k®992) see p. 96, Chapter 4. However, a spdaifiction
has not been assigned to this component. Hogdn(@086) also measured two positive peaks (P3aPat],
however different nomenclature was used in theetuirstudy, due to the debate over the functiomgmlifitance
of the P3a and P3b (see p. 96, Chapter 4).
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The following hypotheses were tested:

1. Older adults have attenuated response-locked &RiINPe amplitudes, and a reduced CRN-

ERN difference compared to younger adults.

2. Older adults have attenuated and delayed sisrlatked P3 and SW components.

3. Stimulus-locked N2 and N4 components have isa@amplitude in the incompatible
compared to compatible condition in both younget alder adults (reflecting conflict

processing), but the magnitude of this increasedsced in older adults.

4. The accuracy of postdiction of performance iases with task experience; however the
magnitude of discrepancy between postdiction atubhperformance is consistently greater

in the older adults.

5. The relationship between ERN and Pe amplituddglae number of errors, postdiction of
performance, rate of error correction, post-erfowsig and affect is different in older
compared to younger participants.

6. ERN, CRN and Pe amplitudes significantly incesaten the potential confound of

latency-jitter is addressed, but the magnitudénisfincrease will be greater in older

participants potentially due to greater pre-analisiency-jitter.

5.2. Method.
5.2.1. Participants.
Twenty-nine older (OAM Age 69.2 years, SD 6.8) and 18 younger (¥AAge 22.3 years,

SD 4.2) adults participated in this study. Howewer to insufficient numbers of trials for the
error waveforms (<5 trials), 7 OA and 2 YA were lexied from the analysis. ERN, CRN and
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Pe amplitudes were the main variables of interegtteé study, and exploratory analyses found
that one older adult had >50% outliers and wasfbez excluded; their performance was
considered to be at chance-level. The final samvplecomposed of 21 OAM(Age 68.7

years, SD 6.3; 7 male and 14 female) and 18 MAAQe 21.6 years, SD 3.7; 3 male and 15
female); this sample size exceeds that in earl® Btudies of ageing (e.g. Falkenstein et al.,
2000; Falkenstein et al., 2001; Mathalon et alg2Mathewson et al., 2005).

5.2.2. Measures.

i) 4-Choice Response ERP Task (4-CRT; Hogan e2@05).

Stimuli were four horizontal arrows (17 cm lengtidé cm width) presented horizontally on

a black background, with a duration of 150 ms astiraulus-onset-asynchrony of 1500 ms.
Participants were requested to cup the mouse inghbns and to use their thumbs to respond
to the direction of the arrows. Green and red astmuli pointing left and right were
presented randomly with equal probability (greew\war.5 probability, red arrow .5

probability). At the presentation of a green arrparticipants were instructed to press the
mouse button corresponding to the direction ofatiew (compatible condition). For red
arrows, participants were instructed to press fhgosite mouse button in response to the
direction of the arrows (incompatible conditionjaétice trials were not administered,
however, careful explanation and checking of pgudicts’ understanding of the instructions
and use of the mouse, suggested that all partisparderstood what was required. Speed and
accuracy were equally emphasized, and participaais informed that they could correct

their errors to prevent them asking for permiss@do so during the actual t&skour blocks

of 100 stimuli were administered to the particigantth a short break between each block.
Two extra blocks were given, as necessary, to aser¢he error rate which was monitored by

the examiner on-lirfe On completion of each block, participants wemuested to provide an

® Piloting of the paradigm had revealed that pastints would interrupt the task to ask whether tmyid
correct errors if this was not explicitly addressg¢dhe outset.

¢ Additional blocks were administered to some pépdints to increase the number of error trials awéé for
ERP averaging. Behavioural error rate was calcdlagea percentage to account for variation in nurabe
blocks administered. However, the median numbdiaitks administered to younger £ 4) and olderr{ = 4)
groups was comparablp $ .1).
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estimated percentage of their perceived accurapgiddrmance.

i) The Hospital Anxiety and Depression Scale (HAZ&mond & Snaith, 1983) (described
in Chapter 3).

i) anxiety subscale

i) depression subscale, with higher scores refleaif more negative affect.

iii) The Positive and Negative Affect Schedule (PAB Watson, Clark & Tellegen, 1988).
The PANAS is a 20 item self-report measure of pasiénd negative affect using a five point
rating scale. The PANAS was used to assess thet efféesting and was administered pre and
post ERP testing. Higher scores indicate highezlteuf affect. Positive discrepancy scores
indicate an increase in positive or negative affeegative discrepancy scores indicate a

decrease in positive or negative affect.

5.2.3. ERP Acquisition and Processing (see Se@tiod, Chapter 3 for detailed description).

This task was administered in the same sessidmeasavelty auditory oddball paradigm
(Chapter 4). In all cases, the 4-CRT was admirastafter the Novelty Auditory Oddball.
Thus, the EEG recording was similar to that regbmeChapter 4. Briefly, the EEG was
recorded using NeuroScan SynAmipamplifiers at a sampling rate of 500Hz (band-pass
0.05-70Hz) from 22 leads located over lateral amdline sites, using a ground lead situated at
Fp1, and referenced to linked mastoids. Impedaras=maintained at less than 18K

Vertical (right eye) and lateral ocular electrodesbled offline blink reduction according to a
standard algorithm (Semlitsch et al., 1986).

For stimulus-locked waveforms (N2, P3b, N4, SW)Hata were epoched at -200 to 1000
ms centred on presentation of arrow stimuli, argkbae corrected at -200 to 0 ms. For
response-locked waveforms, EEG data (CRN, ERNweeg epoched at -500 to 500 ms, and

baseline corrected at -200 to -100 ms. Epochs aereaged by stimulus type (green and red
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arrows), correct trial status (correct green ar;@mor green arrows, correct red arrows and
error red arrows) and response type (green arroow, €éed arrow error, green arrow correct
and red arrow correct). The components were idedtds the maximum peak within the
specified time frames: N2 at Fz (190 — 310 ms: mesggtive), P3b at Pz (250 — 450 ms: most
positive), N4 at Fz (380 - 520ms: most negativ&y, @50 — 800 ms: most positive), and Pe
(250 — 450 ms: most positive). The ERN and CRN acamepts were calculated from the peak
preceding the response (-100 to 0 ms) to the higiegmtive peak after the response (0 — 200
ms) to provide a measure of the magnitude of eantponent (a ‘peak-to-peak’ measure).

5.2.3.1. Woody Filter.

The Woody Filter was applied to examine the po&ribnfound of latency jitter (re:
Hypothesis 6). Each single trial is composed ofialper of data points which correspond with
the sampling rate of the EEG recording. In the EHf@lies reported herein, the sampling rate
was 500Hz. Each data point is an amplitude measmewith the position of the data point
providing the latency measurement. In the conveatiaveraging process the data points in
each single trail are averaged to create the Waaeform. One of the potential concerns with
the conventional method is that the latency ofpiaks of interest may vary considerably
between trials. The averaging process resultssmaller and broader component and may not
accurately represent that component as it is fanitide single trials. Woody (1967) proposed
an adaptive filter based on a cross-correlatiocgss. The Woody filter averages the single
trials by aligning the signals (peaks) found in titi@s, rather than by a time-locked stimulus
or response code. Each single trial provides aabaata points, with the columns providing
the amplitude measurement at that time point. Tlo®edy filter uses a template of the data
points to which each trial is aligned; each tr&ashifted until the waveforms are most highly
correlated. A matrix is created containing the srosrrelations for each of the combinations
of data in the columns. Once these data pointsarelated a plot of the waveform is created

(see Figure 5.1).
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Figure 5.1. Stimulus-locked waveforms provided by#&der adult averaged by the Woody

filter process (left) and the conventional prooggsht).

g . . . i i .
0 10 0 30 00 S0 800 2000 s 000 sa00 amn.0

Note.The X axis scale differs between the figures as\buroScan waveform (right) provides the timinghaf
epoch (1200 ms), whereas the Woody waveform (keftjeated from the data points in the epoch (6D6g.

horizontal line represents stimulus presentatiomothn waveforms.

5.2.4. Statistical Analysis.

Behavioural responses made < 150ms after stimuéseptation were excluded from the
analysis as they were unlikely to represent a "tregponse to the stimulus. The percentages
of errors, errors corrected and corrects made iacQrRT for errors and correct responses,
post-error slowing and the number of missed triads calculated for each participant. Post-
error slowing was calculated by subtracting thema for trials following an error from the
mean RT for correct trials. The behavioural resperend ERP data were explored using the
Shapiro-Wilk test of normality to explore their glibution (allp > .05); this test is appropriate
for sample sizes < 50. Three variables (compaéhiers corrected, compatible corrects
incorrected, and incompatible corrects incorrecteebe not normally distributed and were
therefore analysed using Mann Whitney U tests. Aumaber of missed trials was compared

between compatible and incompatible conditionsgiidependent Sampléesests.
ERP behavioural data were analysed with mixed-de&NMJOVA models: condition (x2:

compatible, incompatible stimuli) and group (x2upger, older). ERP components

(amplitude and latency) were also analysed usin@XN models: condition (x2: compatible,
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incompatible) and group (x2: younger, older) fag ti2, P3b, N4, SW and Pe. ANOVA
models for amplitude and latency were conductegstess the CRN-ERN simultaneously (to
assess the magnitude of the CRN-ERN differencé;atkenstein, 2004): condition (x2:
compatible, incompatible), component (x2: CRN, ERNJ group (x2: younger, older).
Planned t-tests were also conducted for each eétamplitude and latency measures. The
Woody filtered, response-locked ERP data (CRN, ERN Pe) were also analysed with
ANOVA models as described previously. Mixed-desidiOVA models were employed to
investigate the magnitude of the amplitude diffeezhetween conventional and Woody filter

analyses: analysis (x2: Woody, conventional) amaigr(x2: younger, older).

Finally, planned, within-group correlations weradacted to assess relationships between the
response-locked components and variables fourftkifiterature to be related to the ERN and
Pe amplitude: affect, compensatory actions andeperd accuracy. Bonferroni adjusted alpha
values were not calculated, since a priori predingibetween the variables had been specified.
Discrepancy scores for postdiction accuracy weleutated by subtracting postdiction
accuracy percentages from the percentage of coggponses for each block of 4-CRT trials.
These values were then averaged to produce a ns@apghncy score expressed as a
percentage. Speed-accuracy trade-off was also rexplath correlations between error rate

and correct and error RT.

5.3. Results.

5.3.1. Behavioural Responses.

Mean scores and standard deviations of the behalimeasures are presented in Table 5.1,
with the results of the ANOVA models presented &bl 5.2. The error rates were
comparable between groups. The OA, however, regabsignificantly more slowly
compared to the YA for both correct and error resges. The rates of error correction and
post-error slowing were also equivalent, indicatingt both groups undertook similar

compensatory actions. However, the OA displayedtiadd! within trial responding in both
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conditions; e.g. altering correct responses torgrtd(18) = 101.0p = .020 andJ (20) =

86.5,p = .005, compatible and incompatible conditionspeesively. The OA also missed out

more trials than the YA, (36) = 2.37p = .023. With the exception of correct response RT,

there were no significant main effects or intei@esi with condition, indicating that both

groups managed the increase in task complexitywatpntly. As shown in Table 5.1, RT to

incompatible stimuli was longer compared to thet® €ompatible stimuli, and the magnitude

of this increase in RT was greater in OA compaoegbunger adults for correct trials (Table

6.2: condition X group interaction). Post-errorvgiiag was also significantly reduced for red

arrows, possibly due to the increased time takerecty to respond to incompatible stimuli.

There were no significant correlations betweenraate and correct and error RTs for either

group for either condition, suggesting that thees wo evidence of a speed-accuracy trade-off

(see Table 5.3).

In summary, the OA responded to fewer trials, ardevgenerally slower at responding

compared to YA. However, they had an equivalerdragate, and responded equivalently to

an increase in task complexity in the majority afigbles examined. However, a higher rate

of correct trials ‘incorrected’ suggests a degreenzertainty, indicated also by the higher

number of missed trials. Remedial actions (coroectif errors and post-error slowing) were

compatible between groups. It may be assumed,ftrerehat both age groups understood the

task and were able to adjust to the complexity maation.

Table 5.1. Error rate, error RT, correct RT, petage of errors corrected, percentage of

correct responses made incorrect, post-error sgpaurd total number of missed trials in

younger and older adults.

Condition Younger Older
M (SD n=18 n=20%
Error (%) Compatible 10.6 (7.0) 9.2 (8.3)
Incompatible 12.8 (7.3) 8.9 (5.0)
Error RT (ms) Compatible 445.6 (98.9) 550.6 (104.8) t
Incompatible 428.5 (78.7) 570.7 (121.1) t
Correct RT (ms) Compatible 483.8 (77.0) 637.9 (6.0
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Errors Corrected (%)

Corrects Incorrected (%)

Post-error slowing (ms)

Missed trials (number)

Incompatible
Compatible
Incompatible
Compatible
Incompatible
Compatible
Incompatible

Combined

512.8 (71.8)
27.6 (29.4)
24.4 (33.3)
0.3 (0.7)
0.2 (0.5)
63.0 (46.6)
25.6 (54.1)
2.5 (3.7)

695.4 (110.7) T
39.6 (34.5)
33.1(31.9)
1.6 (2.4) T
1.4 (1.6) t
72.4 (84.0)
29.6 (81.0)
12.31)17.

Note.? One OA behavioural data set was log;< .05, from the plannegtest.

Table 5.2. ANOVA models simultaneously assessiegefifect of task complexity (Condition)

and age (Group) for behavioural data.

df F p
Error % Main Effects  Condition 1, 36 0.53 473
Group 1, 36 1.11 .298
Interaction Condition X Group 1, 36 2.04 161
Error RT (ms) Main Effects  Condition 1, 36 0.01 193
Group 1, 36 18.39 <.001
Interaction Condition X Group 1, 36 1.22 277
Correct RT (ms) Main Effects Condition 1, 36 5042 <.001
Group 1, 36 33.87 <.001
Interaction Condition X Group 1, 36 5.46 .025
PES (ms) Main Effects Condition 1, 36 5.28 .028
Group 1, 36 0.30 587
Interaction Condition X Group 1, 36 0 .958

Note PES = post-error slowing; Condition = compatitsencompatible stimuli; Group =

Older or Younger adults; significant effectsbiold type.
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Table 5.3. Pearson product-moment correlationssinyating speed-accuracy trade-off in younger dddradults.

G_Error % R_Error % G_Correct RT R_Correct RT GoERT R_Error RT
G_Error % .34 (.12) .05 (.00) -.27 (.07) .20 (.04) -.24 (.06)
R_Error % .50 (.25) .36 (.13) .35 (.13) 42 (.18) .04 (.00)
G_Correct RT .23 (.05) -.19 (.04) .92 (.85) T (=) t 46 ((21) T
R_Correct RT .19 (.04) -.19 (.04) 92 (.85) 1 (32) t 54 (.29) 1
G_Error RT .34 (.12) .08 (.01) 46 (.21) 41 (.17) 61 (.37) T
R_Error RT 43 (.18) .17 (.03) 71 (.50) T .69 §.48 .31 (.10)

Note G = Compatible 4-CRT condition; R = IncompatiBCRT condition; RT = reaction times. OA£ 20) data above the line.
YA (n=17) data below the lin&2 values in parenthesespk .05.
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5.3.2. Stimulus-locked components.

The stimulus-locked waveforms can be viewed in Fadu2. Amplitude and latency means
and standard deviations are presented in TablerGelresults from the ANOVA models are
given in Table 5.5 and 5.6.

5.3.2.1. P3b Component.

As shown in Tables 5.4, 5.5 and 5.6, there wagrafgiant effect of group on the amplitude
and the latency of the P3b, indicating that OA hattenuated and delayed P3b peaks for both
compatible and incompatible conditions. Task comipfedid not affect the P3b, indicating

that the age effect was not influenced by the cexifpt manipulation (Table 5.5: lack of

condition X group interactions for amplitude antéfecy)

5.3.2.2. SW Component.

Only the latency of the SW component was delaygdAn(see Tables 5.4 and 5.6), consistent
with the significant slowing of the immediately peeling P3b. The lack of condition effects,

again, indicates that the later processing of cdilgaand incompatible stimuli was of

equivalent power and timing.
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Figure 5.2. Stimulus-locked waveforms recorded f©@m Compatible condition (solid line)
and incompatible condition (dashed line) group draverages.

Table 5.4. Peak amplitudes and latencies of stimldaked components for younger and

older adults.
Younger Older Younger Older
n=18 n=21 n=18 n=21
Amplitude Latency
M (SD (%) (ms)

P3b Compatible 15.1 (5.1) 94(6.2) t 322.2 (28.0) 3686.3) T
Incompatible  15.5 (5.2) 9.1(6.3) T 335.9 (40.7) 360.5 (54.1) T

SW Compatible 5.6 (4.1) 4.6 (6.0) 541.3 (44.0)0 66a®.4) T
Incompatible 6.7 (4.1) 4.2 (6.5) 529.8 (56.9) 676.3 (81.7) T

Note.P3b at Pz; SW at Cz;p< .05, planned comparison usinigst.

Table 5.5. ANOVA models assessing amplitude ofstiraulus-locked components.

df F p
P3b Main Effects  Condition 1,37 0.01 .946
Group 1,37 10.72 .002
Interaction Condition X Group 1, 37 1.03 317
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SW Main Effects  Condition 1, 37 0.73 399
Group 1,37 1.04 315
Interaction Condition X Group 1, 37 3.56 .067

Note Condition = compatible or incompatible stimulird@p = Older and Younger adults;

significant effects in bold.

Table 5.6. ANOVA models for the latencies of thenslus-locked components.

df F p
P3b Main Effects  Condition 1,37 0.33 .569
Group 1,37 7.70 .009
Interaction Condition X Group 1, 37 2.10 .156
SW Main Effects  Condition 1, 37 0 961
Group 1,37 46.28 <.001
Interaction Condition X Group 1, 37 0.55 465

Note Condition = compatible or incompatible stimulird@p = Older and Younger adults;

significant effects in bold.

5.3.2.3 Correct Trial Analyses: Investigation oéfResponse Conflict.

Amplitude and latency means and standard deviadompresented in Table 5.7 (see also
Figure 5.3). The results from the ANOVA models gireen in Tables 5.8 and 5.9.

5.3.2.3.1. N2 Component.

There was a main effect of condition on the amgétof the N2, indicating that the
incompatible condition elicited larger negative ditndes. This finding is consistent with the
proposition that the N2 component represents @pemse conflict, as greater response
conflict is produced by the incompatible stimulesgonse condition. The lack of any group
effect indicates that the power and timing of the-gesponse conflict signal was equivalent

across groups.
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5.3.2.3.2. P3b Component.

The P3b was attenuated and slower in the OA, réggedf condition. There were no effects
of condition, indicating that this component was sensitive to stimulus-response
compatibility.

5.3.2.3.3. N4 Component.

The N4 component was significantly reduced andydelan OA. There were no effects of

condition, indicating that this component was retsstive to stimulus-response compatibility.
5.3.2.3.4. SW Component.

The SW component was significantly delayed in tide The lack of condition effects

indicates that this component was also not seeditivstimulus-response compatibility.

Figure 5.3. Stimulus-locked waveforms recorded fl@m Compatible condition (solid line)

and incompatible condition (dashed line) group draverages.

Younger Older
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Table 5.7. Mean (standard deviation) peak amplgwdel latencies of correct trial stimulus-

locked components for younger and older adults.

Younger Older Younger Older
n =18 n=21 n=18 n=21
Amplitude Latency
M (SD) (V) (ms)
N2 Compatible -0.9 (3.0) 0.2 (4.7) 226.2 (34.3) 228®.4)
Incompatible 1 -1.9 (3.3) -0.0 (4.8) 230.8 (36.6) 332 (30.8)
P3b  Compatible 15.4 (5.1) 9.0(6.2) T 324.8 (28.4) 9684.7) T
Incompatible 15.3 (5.1) 8.8(6.2) T 329.4 (45.6) 8.3645.6) t
N4 Compatible -2.0 (4.6) 294.8)t 456.3 (37.0) B5037.6) T
Incompatible -1.4 (4.2) 29(5.0) t 456.1 (42.9) 350(34.7) t
SW Compatible 5.7 (4.3) 5.5(7.1) 538.9 (51.9) 64D6.%) T
Incompatible 6.8 (4.1) 5.3(7.3) 528.9 (56.5) 6382.2) t

Note.N2 and N4 at Fz; P3b at Pz; SW at Cp.< .05, planned comparison usinggst.

Table 5.8. ANOVA models for amplitude of the cotr@l stimulus-locked components.

df F p
N2 Main Effects Condition 1,37 9.00 .005
Group 1,37 1.31 .259
Interaction Condition X Group 1, 37 3.49 .070
P3b Main Effects  Condition 1,37 0.13 .720
Group 1,37 12.50 .001
Interaction Condition X Group 1, 37 0.05 .822
N4 Main Effects  Condition 1,37 0.92 344
Group 1, 37 9.64 .004
Interaction Condition X Group 1, 37 0.87 357
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SW Main Effects  Condition 1, 37 0.56 461
Group 1,37 0.21 .649
Interaction Condition X Group 1, 37 1.37 .249

Note Condition = compatible or incompatible stimulircd@p = Older and Younger adults;
significant effects irbold type.

Table 5.9. ANOVA models for the latency of the eatrtrial stimulus-locked components.

df F p
N2 Main Effects  Condition 1, 37 2.74 103
Group 1, 37 0.06 .812
Interaction Condition X Group 1, 37 0 974
P3b Main Effects  Condition 1, 37 0.29 591
Group 1, 37 11.55 .002
Interaction Condition X Group 1, 37 0.03 .869
N4 Main Effects  Condition 1, 37 0 .980
Group 1, 37 2241 <.001
Interaction Condition X Group 1, 37 0 .956
SwW Main Effects  Condition 1,37 0.80 377
Group 1,37 2590 <.001
Interaction Condition X Group 1, 37 0.04 .850

Note Condition = compatible or incompatible stimulird@p = Older and Younger adults;
significant effects irbold type.

5.3.2.3.5. Summary.

Only the N2 component was sensitive to stimulupaase compatibility. Consistent with

previous studies, this component was more negéin@compatible stimuli. There was,
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however, no interaction with group. Group effedsareased amplitudes and increased

latencies) were only present for the later P3baNd SW components.

5.3.3. Response-locked components.

The response-locked waveforms can be viewed inr€igut. Amplitude and latency means
and standard deviations are presented in Table BHresults from the ANOVA models are
given in Tables 5.11 and 5.12.

5.3.3.1. CRN-ERN Components.

As indicated in Figure 5.4, ERN amplitude was digantly greater than CRN amplitude
across stimulus type and group, indicating thaktier detection system was functional in
both YA and OA (Table 5.11: main effect of compaeHowever, a main effect of group
(see Table 5.11) indicated that OA had significaattenuated amplitudes across conditions
and components. The results of planhezsts showed that the greatest amplitude diffesence
between YA and OA were for the incompatible CRN &RN (also supported by a trend
towards an interaction between condition and grpup:077, Table 5.11). As shown in Table
5.10, there were no latency differences betweegitheps, indicating that the timing of the
response-locked components was equivalent acroapgfa trend towards an interaction
between condition and group fell just short ofistetal significancep = .057, Table 5.12).
Note that the CRN and ERN are response-locked coarmie meaning that they are not
sensitive to actual RT. A main effect of componeas found for latency, suggesting that the
CRN occurs faster than the ERN.

5.3.3.2. Pe.

The Pe was significantly attenuated in OA as shimwiables 5.11 and 5.12 (see also Figure
5.4), indicating that, regardless of condition, @&d significantly lower Pe amplitudes
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compared to YA. A lack of a main effect of conditisuggests that this feature of later error

processing in older participants was equivalenttompatible and incompatible stimuli.

Figure 5.4. Response-locked waveforms recorded &lectrode FCz: Compatible condition
(top figures) and incompatible condition (bottomuiies) group grand averages.

Younger Older

T
-100 0 200 400 -100 0 200 400

-100 0 200 400 -100 0
Correct Waveforms
== == Error Waveforms

Table 5.10. Peak amplitudes and latencies of resptotked components for younger and
older adults.

Younger Older Younger Older
n=18 n=21 n=18 n=21
Amplitude Latency
M (SD) (V) (ms)
CRN Compatible 5.7 (3.5) 3.8 (2.7) 35.3 (27.8) 44.3.627

Incompatible 5.7 (3.1) 3.6(2.6) T 33.0 (27.4) 320.9)
ERN Compatible 13.8 (7.1) 10.5 (6.8) 60.3 (31.8) 132.8)
Incompatible 15.4 (7.1) 9.4 (6.5t 65.3(33.9) 6582.7)
Pe Compatible 7.8 (8.0) 1.7 (6.1) T 313.7 (62.0) 7.B8756.3)
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Incompatible 5.1(6.9) 1.3 (4.6) 323.2(51.1) 35@8.3)

Note Condition = compatible or incompatible stimulird@p = Older and Younger adultspt

< .05 planned comparison using a t-test.

Table 5.11. Results for the amplitude of the respdocked components: CRN-ERN complex
and the Pe.

df F p
CRN- Main Effects Component 1,37 77.43 <.001
ERN Condition 1,37 0.07 .798
Group 1, 37 6.00 .019
Interactions Component X Group 1,37 2.32 136
Condition X Group 1, 37 3.32 077
Component X Condition 1,37 0.17 .686
Component X Condition X Group 1, 37 2.71 .108
Pe Main Effects  Condition 1,37 2.30 138
Group 1, 37 7.60 .009
Interaction Condition X Group 1,37 1.36 251

Note Condition = compatible or incompatible stimulitd@p = Older and Younger adults;
significant effects irbold type.

Table 5.12. Results for the latencies of the respdacked components: CRN-ERN complex
and the Pe.

df F P
CRN- Main Effects Component 1,37 26.01 <.001
ERN Condition 1,37 2.42 128
Group 1,37 0.32 577
Interactions Component X Group 1,37 0.33 .569
Condition X Group 1,37 3.86 .057
Component X Condition 1, 37 0.13 720
Component X Condition X Group 1, 37 1.89 178
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Pe Main Effects  Condition 1,37 2.35 134
Group 1, 37 2.14 152
Interaction Condition X Group 1,37 0.41 .528

Note Condition = compatible or incompatible stimulird@p = Older and Younger adults;

significant effects irbold type.

In summary, although there were consistent delayisda processing of stimuli in OA, perhaps
consistent with their longer RTs, there were naificant latency differences between the
groups for any of the response-locked componeihis. Suggests that the timing of the error
processing system, once activated by the initiadiosm motor response, does not differ with

age.

5.3.4. Postdiction Accuracy.

Postdiction measures of perceived accuracy weggded for four blocks of the 4-CRT from
18 OA and 15 YA participants. In order to assesstivr each group had accurately
monitored their performance, discrepancy valuegwafculated by subtracting the

postdiction accuracy percentage from the actuakcoperformance. The means and standard
deviations of the performance and discrepancy saorer time are provided in Table 5.13,
and the ANOVA models are shown in Table 5.14.

Firstly, performance accuracy over the duratiotheftask is considered. A block by group
interaction (see Table 5.14) reflected a smalldase in performance accuracy with increasing
experience in OA and a small decrease in performancuracy with experience in YA (see
Table 5.13). Thus, performance in OA improved dirae, whilst that in YA declined. A lack

of any significant main effects or interactions pastdiction discrepancy scores suggested,
however, that this pattern of responding had lgffect on the individual's perceived

accuracy.
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Table 5.13. Correct performance and postdictioardgancy over time for younger and older

adults.
Younger Older
M (SD) n=15 n=18
Correct % Block 1 89.7 (7.2) 85.0 (12.5)
Block 2 87.6 (8.0) 87.1 (10.5)
Block 3 87.3 (6.1) 90.0 (7.6)
Block 4 86.2 (8.4) 90.6 (6.0)
Postdiction Discrepancy %  Block 1 22.3 (14.4) 248.9)
Block 2 18.9 (10.4) 21.4 (20.4)
Block 3 18.4 (11.0) 22.2 (21.9)
Block 4 14.7 (11.4) 22.5 (21.8)
Table 5.14. ANOVA models for the perceived accuracglyses.
df F p
Correct % Main Effects  Block 3,93 .60 .616
Group 1,31 0.03 872
Interaction Block X Group 3,93 5.27 .002
Discrepancy Main Effects  Block 3,93 2.04 114
Group 1,31 0.55 462
Interaction Block X Group 3,93 0.83 482

Note Condition = compatible or incompatible stimulird@p = Older and Younger adults;

significant effects irbold type.
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5.3.5. Association between ERN/Pe, measures oftaflemedial actions and perceived

accuracy.

There were no significant relationships (@# .1) between ERN or Pe amplitude and any of
the measures of affect (HADS: anxiety and depres$idNAS: pre-test positive affect; post-
test positive affect; discrepancy positive affgee-test negative affect; post-test negative
affect; discrepancy negative affect; see also Babl&5 and 5.16) in either the YA or OA

groups.

As shown in Table 5.17, the study also failed talfany relationships (gl > .1) between

ERN or Pe amplitudes and remedial actions of ctrmg@@rrors or post-error slowing in the
younger adults. However, a relationship was fouetsvben incompatible error detection and
post-error slowing in the older adults, indicatthgt greater ERN amplitudes were associated

with longer post-error slowing.

Further, perceived accuracy did not correlate wither ERN or Pe amplitudes in the OA.
However, for the YA group, there were significaegative correlations between the
perceived accuracy discrepancy measure and corgatid incompatible ERN amplitudes,
suggesting that a greater difference between padeiccuracy and actual correct
performance was associated with attenuated contgaiitdl incompatible ERN amplitudes
(see Table 5.16). Greater self-perceived inaccunasyassociated with lower ERN
amplitudes in YA, but not in OA.
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Table 5.15. Pearson product-moment correlationsdest the ERN, Pe, Anxiety and

Depression in younger (below the line) and oldertadabove the line).

G_ERN R_ERN G_Pe R _Pe Anx Dep

G_ERN 81(66) T -.09(01) -46(21)t -.10(01) 5(102)
R ERN .78 (.61) 1 25(.06) -.28(.08) -.02 (.00).23 (.05)
G_Pe -11(.01) .11 (.01) 22(.05) .07 (.00) {46)
R_Pe .02 (.00) -.04(00) .73(53) .16 (.03).094.01)
Anx 11(.01) -05(00) -29(.08) -.22(.05) 3.611)
Dep 38(14) .35(12) -32(10) -.43(18) .30f

Note G = Compatible 4-CRT condition; R = IncompatiBkCRT condition; Anx = Anxiety;
Dep = Depression; OAn(= 21) data above the line; YA € 15) data below the lin€&? values
in parentheses; g < .05.
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Table 5.16. Correlations between the ERN, Pe andAZ\scales for younger (below the line) and oldkrlis (above the line).

G_ERN R_ERN G_Pe R_Pe Pre_PAS Post PAS Disc_PASe NAS Post NAS Disc_NAS Post Avg
G_ERN .81(66) T -.09(01) -46(21)t -57(.32) 8(08) .25 (.06) -.21 (.04) -.38 (.14) -.26 (.07) -.07 (.00)
R_ERN .78 (.61) t .25 (.06) -.28 (.08) -.58 (.34) -.45 (.20) -.07 (.00) -.18 (.03) -.40 (.16) -.289) -.05 (.00)
G_Pe -.10 (.01) .11 (.01) .22 (.05) .03 (.00) (-B&) -.08 (.01) .12 (.01) 11 (.01) .13 (.02) -(0®1)
R_Pe .02 (.01) -.04 (.00) .73 (.53) -.04 (.00) .014.00) .09 (.01) .26 (.07) .21 (.04) .06 (.00) 05 (.00)

Pre_PAS 10(.01)  .01(00)  .16(.03)  .35(.12 0(A9)t -24(06) .05(.00) .47(22) .39 (.15) -.41(.17)
Post PAS  .14(.02)  .20(.04)  .32(10)  .48(.23) 6(84)t 53(28)  .31(10) .22(05) .18 (.03) -.38 (.14)
Disc PAS  .08(01)  .38(14) .32(.10) .25(06) 26-.07) .27 (.07) 36(13) -10(.01)  -.23(.05)-.56 (.31)
Pre_NAS 26(07) .04(00) .15(02) .26(07) (O®)  .03(.00) .01 (.00) -10(.01)  -.47 (.22) 06 (.00)
Post NAS  .28(.08) -20(.04) -16(03) .07 (.00)-06(.00) -15(.02) -.18(.03) .86 (.74) @5t .24 (.06)
Disc NAS .09 (.01) -46(21) -57(32)t -32001 -15(.02) -34(12) -37(14) -09(01)  (419) -.94 (.88) t

Post Avyg -54(29)t -58(34)t -13(02) -(B) -31(10) -53(.28) -41(17) -11(.01) .04(.00) .11 (.01)

Note G = Compatible 4-CRT condition; R = IncompatiB€RT condition; Pre_PAS = pre-test Positive AffSctle; Post_PAS =
post-test Positive Affect Scale; Disc_PAS = PASipancy between pre and post-testing; Pre_ NA®tgst Negative Affect
Scale; Post_NAS = post-test Negative Affect Sdalsg_ NAS = NAS discrepancy between pre and posintgsPost_Avg =
average postdiction performance %; O¥»=(11) data above the line; YA € 13) data below the line;g'< .05;R? values in
parentheses.
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Table 5.17. Correlations between components of eetection, error processing and remedial actions
younger (below the line) and older adults (abo\eelitie).

G_ERN R _ERN G_Pe R_Pe G_EC R_EC G_PES  R_PES
G_ERN 81(66) T -09(01) -46(21)t .19).04-03(.00) .25(.06) .46(21)*t
R ERN  .78(61) T 25(.06) -28(.08) .30(.09) .03(.00) .10 (.01)47(.22) t
G_Pe .10 (.01) .11(.01) 22(05) -23(05) 5{32) .13(.02) .12 (.01)
R_Pe .02 (.00) -.04(.00) .73(53) -17 (.03).05{.00) -.16 (.03) -.36 (.13)
G_EC 22(.05) .06(.00) -.30(.09) -.17 (.03) (B6)t -.29(08) .13(.02)
R_EC 14 (.02) -03(.00) -25(.06) .06 (.00) (5®)t -36(.13) .10 (.01)
G_PES -.03(.00) -18(03) .05(00) .31(10) (BS) .26 (.06) -.12 (.01)
R_PES -16 (03) -.26(07) -09(.01) -.08(.01).04{.00) -.02(.00) .02 (.00)

Note G = Compatible 4-CRT condition; R = IncompatidkCRT condition; EC = error correction; PES = post-
error slowing; OA i = 20) data above the line; YA € 17) data below the line;pr< .05;R? values in
parentheses.
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5.3.6. Woodly filtered response-locked components.

Mean and standard deviations of the amplitudedatedcies of the CRN, ERN and Pe
response-locked components from the Woody filtecess are presented in Table 5.18. The
results from the ANOVA models are given in Tablekd5and 5.20.

5.3.6.1. CRN-ERN Components.

In general, the results from the conventional ayi@@process were replicated (see Section
5.3.3) with the Woody filter. As shown in Table 8,1here were main effects of component
and group on CRN-ERN amplitude indicating thateh®r processing system was functional
in both groups, albeit reduced in the OA. Howeusimg the Woody filter, both a component
by group interaction and a condition by group iatéion were revealed (see Table 5.19). The
component by group interaction is considered firbis reflects a greater difference between
CRN and ERN amplitudes in YA compared to OA, iresdfve of condition. The interaction
between condition and group is due to a slightifeboth CRN and ERN amplitudes with
increasing task complexity (compatible vs. inconipatstimuli) in OA, compared to minimal
change in YA. In support, post-hoc tests found thatcondition difference in CRN and ERN
amplitudes was not significant for the younger &l > .1), however there were trends in
the OA group, in that the incompatible conditiorigtd lower CRN and ERN amplitudds:
(20) =2.07p=.051;t (20) = 1.90p = .071, CRN and ERN respectively. The latency ef th
CRN was also found to be shorter than the ERN,isterg with the results from the
conventional averaging process (see Section 5i8digating that the CRN occurred faster
than the ERN.

5.3.6.2. Pe Component.

The Woody filtered Pe component was also founcetsignificantly reduced in the OA (see

Table 5.19), again replicating the finding from ttmventional averaging process.
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5.3.6.3. Direct Comparison between ConventionalrAgimg and the Woody Filter.

A series of mixed model ANOVAs investigated the pamson between the two methods (see
Table 5.23), with main effects of analysis typei@ating that the Woody filtering process
significantly increased the amplitudes of the ERId &RN for both conditions and the Pe for
the incompatible condition. Group interactions wené found for the ERN (both conditions),
indicating that the YA actually had greater ERN &itagde increases using the Woody

filtering process compared to the OA. As shownabl€ 5.21, within-group planned
comparisons revealed that the Woody filter produsigdificantly increased CRN and ERN
amplitudes for both conditions and increased Pdiardp for the incompatible condition in
younger adults. However, in the older adults, $igant amplitude increases were only found
for the ERN for the compatible condition and theNCRer both conditions.

Table 5.18. Peak amplitudes and latencies of Wdittdyed response-locked components for
younger and older adults.

Younger Older Younger Older
N=18 n=21 n=18 n=21
Amplitude Latency
M (SD) (V) (ms)
CRN Compatible 10.3 (6.5) 8.0 (5.2) 43.7 (20.8) 492.34

Incompatible 9.9 (5.3) 59(5.1) t 41.1 (30.6) 5B6.6)
ERN Compatible 21.0 (8.6) 15.0(9.4) t 67.9 (30.0) ga23)
Incompatible 22.3 (8.6) 11.5(6.9) T 77.3(40.7) .1649.8)
Pe Compatible  10.3 (12.5) 2.6 (12.6) 335.6(59.2) 3340.2)
Incompatible 9.7 (11.8) 2.4 (11.5) 336.4 (57.1) .8283.8)

Note.t p <.05.
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Table 5.19. ANOVA models for the amplitude of the@ddy filtered response-locked

components.
df F p
CRN Main Effects Component 1,37 56.37 <.001
-ERN Condition 1,37 3.01 .091
Group 1,37 11.88 .001
Interactions Component X Group 1,37 4.87 .034
Condition X Group 1, 37 5.88 .020
Component X Condition 1, 37 0.01 919
Component X Condition X Group 1, 37 0.98 329
Pe Main Effects  Condition 1,37 0.06 .810
Group 1,37 4.58 .039
Interaction Condition X Group 1,37 0.01 .907

Note Condition = compatible or incompatible stimulird@p = Older and Younger adults;

significant effects irbold type.

Table 5.20. ANOVA models for the latency of the Wilgdiltered response-locked

components.
df F p
CRN- Main Effects Component 1, 37 17.89 .001
ERN Condition 1,37 0.14 716
Group 1,37 0.17 .679
Interactions Component X Group 1,37 0.42 521
Condition X Group 1,37 1.14 292
Component X Condition 1,37 0.10 749
Component X Condition X Group 1, 37 2.53 120
Pe Main Effects  Condition 1,37 0.16 .690
Group 1,37 0.06 .813
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Interaction Condition X Group 1,37 0.24 .626

Note Condition = compatible or incompatible stimulircd@p = Older and Younger adults;

significant effects irbold type.

Table 5.21. Peak amplitudes of response-locked oaemis from the Woody filtered process

and from the conventional averaging process fongeuand older adults.

Younger Older
n=18 n=21
Conventional Woody Conventional Woody

M (SD)

CRN Compatible 5.7 (3.5) 10.3(6.5) T 3.8 (2.7) 8.2)5.
Incompatible 5.7 (3.1) 99(5.3) T 3.6 (2.6) 5.49(5
ERN Compatible 13.8 (7.1) 21.0(8.6) T 10.5 (6.8) 15.8)t

Incompatible 15.4 (7.1) 22.3(8.6) T 9.4 (6.5) 1B63)
Pe Compatible 7.8 (8.0) 10.3 (12.5) 1.7 (6.1) 2.66)2.

Incompatible 5.1(6.9) 9.7(11.8) T 1.3 (4.6) 2.4.6)
Note.T p < .05.

Table 5.22. Peak latencies of response-locked coerge from the Woody filtered process

and from the conventional averaging process fongeuand older adults.

Younger Older
n=18 n=21
Conventional Woody Conventional Woody

M (SD)
CRN Compatible  35.3 (27.8) 43.7(20.8) T  44.3 (27.6) .0482.3)

Incompatible  33.0(27.4) 41.1(30.6) f  39.0(27.9) 51.0 (36.6)
ERN Compatible 60.3 (31.8) 67.9 (30.0) 73.4 (42.8) gag3)

Incompatible 65.3 (33.9) 77.3 (40.7) 55.6 (42.7) .1649.8)
Pe Compatible  313.7 (62.0) 335.6(59.2) 327.1(56.3)37.3(40.2)

Incompatible  323.2 (51.1) 336.4(57.1) 350.3 (48.3B828.6 (43.8)

Note.t p <.05.
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Table 5.23. ANOVA models for the comparison betweenventional averaging and Woody

filtering for the amplitude of the response-loclaaanponents.

df F P
Compatible CRN  Main Effects Analysis 1,37 50.22 <.001
Group 1,37 2.33 .136
Interactions Analysis X Group 1, 37 0.08 .783
Incompatible CRN Main Effects Analysis 1,37 31.66 <.001
Group 1, 37 6.22 017
Interactions Analysis X Group 1,37 2.92 .096
Compatible ERN Main Effects Analysis 1,37 81.68 <.001
Group 1, 37 3.42 072

Interactions  Analysis X Group 1, 37 4.47 .041

Incompatible ERN  Main Effects Analysis 1,37 29.19 <.001
Group 1,37 14.65 <.001
Interactions  Analysis X Group 1, 37 8.45 .006

Compatible Pe Main Effects  Analysis 1,37 1.67 .204
Group 1,37 5.36 .026

Interactions Analysis X Group 1,37 0.36 .554
Incompatible Pe Main Effects Analysis 1,37 6.04 .019
Group 1, 37 4.15 .049

Interactions Analysis X Group 1,37 2.35 134

Note Condition = compatible or incompatible stimulird@p = Older and Younger adults;

significant effects irbold type.
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5.3.7. Summary of Results.

With the exception of reaction time and number ¢fsed trials, there were no behavioural
differences between the YA and OA groups. Both gsomanaged the increase in task
complexity equivalently, with older adults perfongibetter over time. The incompatible
condition elicited greater N2 amplitudes, assodiatéh conflict detection, which were

similar across groups. However, group differencesaviound for subsequent stimulus-locked
components. The P3b and N4 were both attenuatededaged in the older adults, and the
SW was significantly delayed. In both conventiomadl Woody filter analyses of response-
locked components, there were age-related reductiotihe ERN and the Pe, indicating an
impoverished error detection system. However, itegrity of the error detection system may
also be judged by the presence of a significaf¢mdihce between the CRN and ERN. There
was no significant interaction between compone®RNEERN) and group in the conventional
analysis, suggesting that irrespective of redudetl [power in OA, the error detection system
was operational. However, a component by groupact®n was revealed in the Woody filter
analysis, due mainly to the filtering process inyimg YA amplitudes, and this provided
further evidence of an age-related reduction iretier detection system. The study did not
find any relationships between the ERN/Pe and aiifeeither group, nor with remedial
actions in the younger adults. However, greatareatetection in the incompatible condition
was associated with increased post-error slowirtgerolder adults, suggesting a link between
internal performance monitoring and compensatohab®ur. Moreover, more accurate
perception of performance was associated with gr&gRN amplitudes in both conditions in

the younger adults, suggesting a link between RN Bnd awareness of performance in this

group.

5.4. Discussion.

The current study investigated Consistent Consoess a type of awareness involving

executive functioning and its ability to organismsory information underlying behaviour

(Stuss et al., 2001) in healthy older and youngetigpants. It was hypothesised that an
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investigation of performance monitoring would prieria means to assess this type of
awareness. As predicted, and in line with previtugies (Band & Kok, 2000; Falkenstein et
al., 2000; Falkenstein et al., 2001; Mathalon gt24103; Mathewson et al., 2005), older adults
had reduced ERN and Pe amplitudes. While this dicaffect the CRN-ERN difference, a
marker of the integrity of the error-detection gyst using conventional analysis, there was a
significant interaction when data were correctaddtency jitter (Woodly filter). Specifically,
this correction amplified the younger adult waveisrsuch that the smaller CRN-ERN
difference in the older adults became, by comparismnificantly smaller than the CRN-ERN
difference in younger adults. Importantly, thergeveo behavioural differences between the
groups with regard to the most influential factartbe ERN and Pe, namely error rate.
Remedial actions (error correction and post-erawisng) were equivalent between groups,
and both groups managed the increase in task cagitypleompatible to incompatible stimuli)
equivalently. However, the older adults had sigaifitly slower responses, failed to respond
to more trials and made additional unnecessaryress (altering correct responses to errors).
As performance monitoring also involves the subepss of response competition (Ullsperger
& von Cramon, 2001), the study investigated con#itcd found, in line with Kopp et al.
(1996), that the N2 amplitude was influenced byatus-response compatibility. Of note is
that the detection and timing of this marker of-pFsponse conflict was equivalent across
groups. The N4, however, did not differ with leeélconflict, contrary to Hogan et al.

(2006Y, but was both attenuated and delayed in oldetsidubgesting that response priming

was altered with age.

ERP components provide an on-line measuremenegbribcesses underlying cognition and
behaviour. In the current study, Consistent Conssiess was conceptualised by performance
monitoring which requires the integration of numes@rocesses: conflict detection; allocation
of attention; response priming; error detectiord arror processing. The results indicated that
age was associated with differential effects omlgpaocesses underlying performance
monitoring. Whilst markers of conflict detectiorddiot differ with age, the N4 was attenuated

and delayed. As early stimulus processing (N2) meamal it is possible that older adults

"Hogan et al. (2006) included 3 groups of partistpaged 11-23.7 years (sickle cell with frontdido
infarctions), 13.6-25.0 years (sickle cell withdnfarcts), and 12.2-21.0 years (sibling control$)erefore, there
is some overlap in age ranges between Hogan @Q46) study and the younger adult group in theeturstudy.
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begin to process information similarly to youngdulés, but that this ability declines as a
response is initiated. Interestingly, the formerygass reflects activity of the association
cortices and the latter the additional involvemerthe frontal lobe (Hogan et al, 2006).
Compatible with this, response-locked error comptseccurring very shortly after the
P3b/N4/SW complex in real time, and probably oyaslag to a degree, were also affected in
the older adults. These results are, thereforesistamt with the view that the ageing process
exerts its greatest effect on frontal lobe netwdekg. Moscovitch & Winocur, 1995; Raz
2000; 2004; West, 1996).

Only two previous studies (Falkenstein et al., 2008thalon et al., 2003) have investigated
age effects on stimulus-locked components in perémce monitoring. However, these
studies differed with regard to P3 amplitude; Fatikein et al. (2000) found reductions with
age, whilst Mathalon et al. (2003) did not. In soppf Falkenstein et al. (2000), in this study
P3b amplitude was significantly reduced in the phttults, perhaps indicating that attentional
allocation to stimulus processing was altered is ginoup. It would be of interest to
investigate, on a trial-by-trial basis, fluctuatson P3b component amplitude, alongside
fluctuation in other stimulus-locked componentspider to explore possible dynamic changes
in attention allocation during the course of thektdluctuations in online stimulus-processing
between younger and older adult groups may offehéu insight into altered performance-
monitoring components. To the author’'s knowledgesuch study has yet been undertaken to

explore performance-monitoring in ageing.

One of the prominent caveats in the literature n¢igg factors that modulate the ERN
amplitude was provided by Hajcak et al. (2003) Hledrmann et al. (2004). Namely, that

ERN amplitude was reduced with increased error fidie current study found equivalent
rates of error performance between groups, andmwiffoup correlations failed to find any
relationships between error rate and ERN and Péditaihgs. These findings are of particular
importance to interpretations that follow with redj¢o the attenuated ERN and Pe in the older

adults.
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Individual differences in affect in non-clinical msures using the Positive and Negative
Affect Scale (PANAS) have also been found to mogulhe ERN and Pe (Hajcak et al.,
2004). Whilst the present study also utilised tA&RS, in addition to the HADS, no
relationships were found between these measuretharERN and Pe amplitudes in either
group. This suggests that affect did not confolnedaitered ERN amplitude found in older
adults. However, in the current study data weratéie as continuous, in contrast to Hajcak et
al. (2004), in which PANAS scores were used tog@ise the sample into high and low
negative affect groups. In addition, the rangeeagfative affect scores in the current study (YA
=10-16, OA = 10-15) differed from Hajcak et al0(@) in that high negative affect was
classified asM = 21.1, SD = 3.27. Thus it must also be consid#ratithe lack of significant
associations in the present study may have beetoduethodological differences and/or the

sample not having scores representative of higathegaffect.

When performance is accurately monitored, behawauarbe adapted to meet the task
demands of correct performance. Compensatory acimmiude immediate corrective
behaviours (error correction and post-error sloyengd strategy changes, for example
response speed (Ullsperger & von Cramon, 2001).pfésent study found that immediate
remedial actions were similar across groups, howeke older adults consistently responded
significantly slower, and responded to fewer triglsggesting that older adults utilised a
different response strategy compared to the youadpts. It may not be assumed, however,
that one strategy was better than the other. Famele, the response strategy adopted by the
older adults may also have contributed to the Sggmt improvement in their performance
over time, in contrast to the younger adults, whmedormance declined over time. This
suggests that slower reaction times may have tfaigti surer performance. A complimentary
interpretation is that the older adults had up-latga activity in attention and cognitive
control circuits to compensate for impairmentsifoimation processing (cf. Band & Kok,
2000); anecdotally, it was noted that they werdlyignotivated to perform the task well.
Converging confirmatory evidence for this propasitcomes from Sharp, Scott, Mehta and
Wise (2006). In a PET study with 8 younger (37-84rg) and 8 older (60-83 years) adults,
Sharp et al. (2006) investigated the hypothesisrdtuced performance capabilities in ageing

were nevertheless associated with increased aciivine ACC and the lateral PFC, both
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regions supporting cognitive control. As predictiéa study found age-related deficits in
decision-making accuracy, and this was associatédincreased activation in the ACC.
However, contrary to this interpretation is thegbke reduction in underlying EEG power
suggested by the fact that most, but not all, corapts were attenuated in older adults. It
would be of interest to investigate the effect nflerlying EEG power in alpha, beta, theta and
delta ranges on ERP components in order to adthsssypothesis further. However, spectral
analyses are conducted on EEG data recorded dupegod of time (e.g. 2 minutes) with
eyes open and eyes closed rather than during peafare of a task. Moreover, the epochs for
spectral analyses are longer than in ERP analgsgs§ seconds vs. 1 second), with ERP
epochs specified by an event (stimulus/respongleg¢rshan a segment of time. Therefore, it
can be problematic to extrapolate to the relatignebtween the EEG and ERP components,
as the challenge is in linking voltage changes/ents to underlying oscillations in electrical
activity. However, there has been recent developmitechniques that permit an
investigation of the underlying spectral power gside conventional ERP analyses (see
Hanslmayr et al. 2008; Yordanova, Falkenstein, ibkim & Kolev, 2004).

Despite performance monitoring deficits indicatgdhe ERP components, the behavioural
adaptations (e.g. post-error slowing) of the oltdults to errors were equivalent to those of
the younger adults. The implications of these figdiare that ageing is associated with
impairments in some aspects of the ability to oigmeensory information as it initiates
executive functions. This may be interpreted asisbt@nt with a deficit in Consistent
Consciousness, as defined by Stuss et al. (200d$uch a relationship is not confirmed.
Importantly, a positive interpretation may alsodftered: effective and adaptive remedial
actions and response strategies were found; suggésat performance monitoring was
functional albeit attenuated in the older adults] that residual function and as yet unknown

compensatory mechanisms may supersede deficite¢bat earlier in the monitoring process.

The investigation of compensatory behaviours pres&RP studies of performance
monitoring (e.g. Rabbitt, 1966). Error correctiordgost-error slowing are immediate
remedial actions, occurring within a few secondgheferror, and relationships with the ERN
and Pe have been explored with mixed results. AjhaGehring et al. (1993) found that ERN
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amplitude increased with the probability of errorrection and post-error slowing, these
results have not been consistently replicated @ratein et al., 2000; Falkenstein et al., 2001;
Gehring & Fencsik, 2001; Hajcak et al., 2003). Rplaude elicited by a flanker task has
been statistically associated with post-error shgaHajcak et al., 2003), in that higher Pe
amplitudes were associated with increased post-slowing, but did not differ between
errors corrected and those uncorrected (Falkensteih, 2000). Using an antisaccade task to
investigate perceived and unperceived error pedora, Nieuwenhuis et al. (2001) only
found post-error slowing for perceived errors. E&Nplitude did not differ between
perceived and unperceived errors; however, tharipditade was significantly greater for
perceived errors. Nieuwenhuis et al. (2001) argbatithe covariation of the post-error
slowing and Pe amplitude results (see also Hajtak,e2003) supported the view that the Pe
represented further conscious error processingespbnse adjustment. However, no
statistical analyses were reported investigatiegéhationship between Pe amplitude and
post-error slowing. With regard to the relationsbgiween the ERN, Pe and compensatory
behaviours in ageing, Falkenstein and colleaguakké€Rstein et al., 2000; Falkenstein et al.,
2001) found greater post-error slowing in olderlegjiput similar rates of error correction to
younger adults (although numerically lower in theéeo adults). One possible explanation for
the contradictory results between these studiesbeaajue to statistical analyses employed.
Gehring et al. (1993) calculated quartiles of ER $ased on the probability of an error
being present in a random subset of correct amd &rals. Other studies have separated and
subsequently averaged trials on the basis of thiahta of interest: errors corrected and errors
uncorrected (Falkenstein et al., 2000); trials waitinl without post-error slowing (Gehring and
Fencsik, 2001); post-error slowing for perceived anperceived errors (Nieuwenhuis et al.,
2001); post-error slowing calculated from erroalgiand a subset of correct trials matched to
equivalent number and RT in error trials (Hajcaklet2003). The analyses conducted by
Gehring et al. (1993) differed from other studieshat the ERN amplitudes were calculated
by error probability in a subset of trials rathiearn error trials separated by error correction or
post-error slowing. The findings of relationshipghaerror correction and post-error slowing
to ERN amplitude may be due to these behaviourbeiag performed in correct trials, and
the lack of consideration of these behaviourslierabr trials.
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The current study found equivalent rates of eraorection and post-error slowing between
older and younger adults. Both measures were eaédifrom behavioural data. The rates of
error correction in the current study (YA = 27.6%@&4.4%; OA = 39.6% and 31.1%,
compatible and incompatible conditions, respecyivelere lower than those reported by
Falkenstein et al. (2001): 65% and 59%, youngercdahelr adults, respectively for the 4CR
task; and 63% and 43%, younger and older adulipertively for the flanker task. However,
the interstimulus-interval (1SI) in the Falkensteiral. (2001) study was greater than in the
current study (1800ms vs. 1500ms); the increaskeohéy have provided a greater opportunity
for error correction, even with only a 300ms diffiece. The current study also failed to find
any relationships between corrective measures &Nl &d Pe amplitudes in the younger
adults. However, an association between increaBd &nplitudes in the incompatible
condition and longer post-error slowing in oldeuksiwas found, indicating a link between
internal error detection and compensatory behawasiwa function of increased task
complexity. Increased task-complexity is associated up-regulation of frontal lobe activity
(Hogan et al., 2006). This further suggests thatftontal lobes are of critical interest in the
investigation of attenuated performance-monitoimgormal ageing. It would be of
considerable interest to conduct functional imaginglies based on the performance-
monitoring ERP paradigms to confirm this theoryeTWRN-ERN magnitude difference was
also calculated to provide a measure of the funatimtegrity of the error detection system.

Again, within-group correlations with remedial acts were not significant.

In summary, these findings suggest that neither BBINPe amplitudes, nor the CRN-ERN
difference are related to immediate corrective biEhas in younger adults. Despite different
statistical analyses, the findings in the youngkita are in line with previous results of a lack
of relationships between ERN and Pe amplitudegpastierror slowing and error correction
(Gehring & Fencsik, 2001; Falkenstein et al., 20odlkenstein et al., 2001). Falkenstein et al.
(2001) suggested that the reduction in the ERNderaadults may not have been sufficient
significantly to influence error correction. Nevegtess, the finding of a relationship between
ERN amplitude and post-error slowing in older asluitthe present study extends existing
evidence of relationships between the ERN, Pe améaive behaviours (Gehring et al.,

1993; Hajcak et al., 2003; Nieuwenhuis et al., 20Blirther investigation is required to
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understand the significance of such relationstopste functional neuroanatomy of
performance-monitoring in normal ageing. The maostservative conclusion is that a
complex relationship is indicated between electyspilogical and behavioural correlates of
performance monitoring, and that this relationshay change slightly over the normal life-

span.

Error correction and post-error slowing have beescdbed as indirect indices of error
awareness (Rabbitt, 1966). With regard to the dithis study, which was to investigate the
Consistent Consciousness level of awareness, itir&pncluded, on the basis of behavioural
performance, that error awareness did not chantieage. However, as the Pe has also been
associated with awareness and with error recognaia post-error slowing (Hajcak et al.,
2003; Nieuwenhuis et al., 2001), and this compomned significantly attenuated in older
adults, it may alternatively be concluded thatehersome ERP support for decline in
awareness; the fact that behavioural performanseneamal suggests perhaps that the decline
has not reached a threshold fianctionalimpairment in awareness. Finally, another possible
explanation for the lack of evidence for relatiopstbetween error detection and processing
as indexed by the ERN and Pe, and corrective betesin the present study, was provided
by Bernstein et al. (1995): “the process by whiglors are detected [is] not necessarily
available to awareness” (p.1312). In other wordes drror-detection system as indexed by the
ERN may be very fast and unconscious, while awasenéhaving made an error, albeit
initiated by this detection system, occurs ovesrager period of time and involves other
processes, such as working memory, affect and ataiiv, in ways not assessed by the

present study.

Postdiction of performance is utilised within thetamemory literature as a measure of
memory monitoring, conceptualised as analogousviyeness. Studies have found that older
adults are less accurate in their monitoring oir thkilities; although there is evidence of
updating of self-assessment through experiencesioes are still less accurate in older adults
compared to younger adults (e.g. Bieman-Coplanché&r@ess, 1994). The current study
investigated age differences in postdiction of @eniance, and found that both groups had

similar underestimation of their performance arat tieither group revised their postdictions
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with experience. The underestimation of performamas not influenced by affect in either
group, and previous metamemory studies (e.g. A8sBllicks, 2006; Bieman-Copland &

Charness, 1994) utilised tasks with fewer stinmlnonitor, suggesting that monitoring of
performance in the current study, may have beere mhifiicult due to the greater length of

task performance.

Scheffers and Coles (2000) included a postdictieasure of performance accuracy, a five-
point rating scale from sure correct to sure inectrafter each trial and found that greater
ERN amplitudes were related to greater perceivadauaracy. Interestingly, in support of
Scheffers and Coles (2000), ERN amplitudes werecegsted with awareness of performance
accuracy; more accurate perception of performaraeliwked with increased ERN
amplitudes in both compatible and incompatible d¢tmas, but only in the younger adults.
The current study differed from Scheffers and C290) in that postdictions were required
after each block of 100 trials rather than aftehetial. Furthermore, discrepancy scores, the
difference between perceptions of performance atubbperformance, were calculated and
correlated with ERN amplitudes. However the prestuidy, and that of Scheffers and Coles
(2000), provides limited but converging evidendbed using different methodologies, that
the ERN is associated with awareness of performangeunger adults. No relationships were
found between discrepancy scores and correctiveumnes, indicating that these different
measures of awareness may not be related, buh#lysieed to be confirmed in studies with
larger sample sizes. The results also indicatepitgatiction of accuracy of performance, as
indexed by larger discrepancy scores, is assocvatbdeduced ERN amplitudes, providing
support for Pailing and Segalowitz (2004), who fd@am attenuation of the ERN amplitude
with uncertainty of performance in younger aduiehring and Fencsik (2001) concluded that
the ERN may represent an evaluative process, aetults from the younger adults in the
current study provide some support for this projpasi Data obtained from the older adults
are not easily explained and argue against aoeakttip between the ERN and awareness of
performance, as there were no group differencesscrepancy scores or postdictions,
indicating that awareness of performance did ni¢dwith age. However, the standard

deviation of the older adult discrepancy scoredrnsost double that of the younger adults,
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indicating that the discrepancy scores were mor@hia in the older adults, which may

account for the lack of a relationship between EdRiplitude and awareness of performance.

This study was unigue in the application of the \d4pblter to explore possible effects of
latency jitter on response-locked components. Eaththor’'s knowledge there is only one
published study conducting single trial analysesldier adult electrophysiological ERN data
(Falkenstein et al., 2001). The results of thosdymes suggested some amplitude reduction
by single-trial latency jitter in the increasecklaty standard deviation. More recently,
Walhovd, Rosquist and Fjell (2008) employed the Muaxn Likelihood Estimation (MLE)
correction technique to assess latency jitter énRBa and P3b elicited in a three-stimuli visual
oddball paradigm in a sample of 133 adults, age@®g@ears. The study found that P3a and
P3b amplitudes were significantly increased wit MLE technique compared to
conventional analyses. The authors correlated atpetire amplitudes and latencies of the P3a
and the P3b, and found that the correlations fronventional analyses and the MLE
technigue were not significantly different. Thessuits indicate that adjusting for latency
jitter in stimulus-locked waveforms does not atter findings of reduced amplitudes and
longer latencies in the P3a and P3b in ageing.|&ilpto Walhovd et al. (2008), the results of
the Woodly filter in the current study replicated findings of the conventional analyses, in
that older adults had significantly reduced ERN Bedamplitudes compared to younger
adults. Moreover, group interactions with comporeerd condition found that the magnitude
of the difference between the CRN and ERN was greéatthe younger adults compared to
the older adults, and that older adults had attexu@RN and ERN amplitudes elicited by the
incompatible condition compared to the compatiloledition. The Woody filter increased the
amplitude in response-locked components in botbggpwhich indicated that latency jitter
occurred in both younger and older adult wavefoinms the conventional averaging process.
Contrary to the expectation that variability in @lcdult trials would lead to greater latency
jitter in the averaged waveforms compared to youagdelts, the study found that latency
jitter was greater in the younger adults. Despitierdnt paradigms, ERP components
investigated and latency jitter techniques, bothdirrent study and that of Walhovd et al.
(2008) have shown that latency jitter is presentdth younger and older adult waveforms.

Taken together, the results from these studiesesigigat latency jitter influences the
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amplitudes of components in all age groups. Howebeés difference does not impact on the
results from both types of analysis. In summaringithe Woody filter to account for latency
jitter yielded an interaction between component grudip that was not present in the
conventional analysis, but this was due to theembion of greater ‘jitter’ in the younger
compared to older adults. These analyses, whichighty novel, address the concern that
age-related amplitude reductions in response-locketponents are artefacts of the
conventional averaging process. The current stadigates that the attenuated error
processing components in older adults, consistéhtprevious studies (Band & Kok, 2000;
Falkenstein et al., 2000; Falkenstein et al., 200dthalon et al, 2003; Mathewson et al.,

2005), are genuine age-related reductions, ratiaer artefacts of the averaging process.

The four choice reaction time paradigm utilisedhie current study provided both sufficient
error rates and facilitated an investigation of predominant theories of the functional
significance of the ERN. The error-detection mdéelkenstein et al., 1991; Gehring et al.,
1993) posits that the ERN is a signal elicited lmgismatch between the representation of the
correct response and the actual (erroneous) resp@fizereas the conflict-detection model
(Carter et al., 1998; van Veen & Carter, 2002) ends that the ERN represents a measure of
increased stimulus-response conflict. The incorbpationdition in the current study provided
an opportunity to measure response conflict. ERNlénde did not differ between conditions
in either group, indicating that the incompatibtandition did not elicit greater amplitudes,
supporting the view that the ERN is a generic edeiection signal. That the N2 was
modulated by pre-response conflict, but without eoycurrent effect on the ERN, suggests
that conflict detection was less influential on B#RN than previous studies suggest (e.g. van
Veen & Carter (2002). The current study was unéblntribute to the debate over the
functional significance of the Pe. Specificallye tstudy failed to find any relationships
between Pe amplitude and corrective behaviours;eagas of performance, or affect in either
group. Studies have suggested that the Pe repsesamgcious recognition of error
performance and is related to remedial post etoovisg (Hajcak et al., 2003; Nieuwenhuis et
al., 2001). The null results in the current studgyrhave been due to the methodology for
assessing awareness of performance; a postdicgasure of the perception of performance.

A more valid measure of awareness may be recorgeeduesting the participants to report
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on performance after each response or the numlmrat after each block of 10 trials.
However, it is not known what effect such measuoneght have on task performance or on

corrective behaviours, since this might interrdngt low or responses during the task.

Studies have also indicated that the ERN can beutatadi by manipulating the salience of the
error (Bernstein et al., 1995; Falkenstein et28lQ0; Gehring et al., 1993). Although errors in
the incompatible condition might be considered asensalient, the lack of condition effects
and the equal probability of compatible and incotifgba stimuli argue against this view.
Habituation to the occurrence of errors was offeaea@d possible explanation for findings of
reduced ERN amplitude with increased error rategogk et al., 2003; Herrmann et al.,
2004). Data from the present study from a subsgbwohger ( = 4) and older adults1E 5)

with sufficient error rates (>5) in each block bétparadigm were explored in order to
investigate this, but significant differences ie 8RN amplitude with time were not found,
indicating that habituation to making errors wasinfiuencing the amplitude (Appendix 5).
As the error rate did not differ between groups,were there significant correlations between
error rate and ERN or Pe amplitude, reduction énammplitudes in the older adults was not

due to error rates.

The age range of the older adults in the currentys(60-83 years) is comparable to other
studies of performance monitoring in ageing (Faditeim et al., 2000; Falkenstein et al., 2001;
Mathalon et al, 2003; Mathewson et al., 2005} ktlear that ageing is associated with
significant neural and cognitive change (see Sestib4 and 2.5, Chapter 2). For example,
Resnick et al. (2003) found annual volume decreas2st SD 0.4 and 3.1 SD 0.4 cm? for
grey and white matter, respectively, over a fivarygeriod in a sample aged 59-85 years.
None of the previous studies has considered thexdgneity of the neural changes in older
adult samples. In a supplementary analysis (Appedidithe older adult group was divided
into two groups: young-old (age range 60-69 yeansl) old-old (age range 70+ years), based
on a median split. No differences were found betwtee two older adult groups on ERN or
Pe amplitudes for either condition. Additionally behavioural differences between the older
groups were found. However, and more importantiyAAlOVA model found similar results

to those reported (main effects of component and@rwith significant group differences
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between the younger adults and the ‘old-old’. THes#ings suggest that the age-group
differences reported within the literature may bgeh by significant amplitude decreases
(perhapsacceleratingdecreases) in adults aged over 70 years. The ERfPamay be
sensitive to maturational change, and thus mayigegwedictive markers of future cognitive
decline. A longitudinal study of ageing would bevarthwhile avenue for future investigation;
no ERN studies of ageing have utilised this apgrdadate, but such a technique would be
particularly informative to track change in healtgeing, the progression from mild cognitive
impairment to AD, and from mild to moderate diseseeerity in older adults with dementia.

The ability to monitor performance requires thegration of sub-processes; when errors are
detected it is conceivable that the system sigihalsequirement for remedial actions,
otherwise the purpose of an error-correction syst@ud be unclear. The current study found
that older adults had similar timing and detectibpre-response conflict, partially reduced
and delayed attention to stimulus-processing, asadanse priming. The SW component was
delayed, but not attenuated. A component with simmiorphology is found within the task
switching literature. This component is associatét intentional set switching; a change in
the selection of motor responses. The componenaismal at central sites and occurs
between 520-1080ms (Rushworth, Passingham & N@bBRL; 2005). The SW did not differ
between conditions and, as the stimuli have egudigbility, the SW in the current study may
represent the preparation for the switch betweewition responses. The similar amplitude to
younger adults indicated that the process undeylhis component, although delayed, was
not attenuated with age. Although the older adulty have had a degree of attentional
deficit, as indexed by the P3Db, plus reduced atmydd response priming, performance was
equivalent. The ERN and Pe were also significamttiuced, indicating that the error detection
and processing system were impoverished, yet fomaki These attenuations cannot be
explained by a global reduction in amplitude ineslddults, as there are not consistent
findings of amplitude reductions in the stimulusded components. It may be considered that
neural changes within the frontal lobes, partidylaffecting frontal lobe white matter
connectivity (Hogan et al, 2006), impact negativatythe signal transfer from lateral PFC to
ACC. van Veen and Carter (2002) located a similaold for the N2 and the ERN, and the

lack of age effects on N2 amplitude suggests ti@ERN reduction may not be fully
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accounted for by factors influencing signal progaga myelin degeneration (Bartzokis,
2004); cell shrinkage (Raz, 2004); or increasezhebrospinal spaces (Good et al., 2001;
Raz, 2000). However, the lack of structural datat8 such conclusions, as it is not known
whether the older adult sample had any significentral change. That there were no
consistent relationships between the ERN, Pe anddml actions in both groups, suggests
that other processes are involved in signallingibeessitation of immediate corrective
behaviours. The current study also found some acelef response strategies in older adults;
reducing response speed and responding to fe\aés (itiaking small breaks’). Of interest, the
improvement in performance over time in the old&rls indicated that their response

strategy was effective.

In conclusion, there is evidence to suggest amagita of neural activity underlying
performance-monitoring, but this does not readireshold for functional impairment.
Assuming that there is a relationship between awem® (internalised unconscious and/or
overtly conscious) and ERP correlates of perforraanonitoring, it may therefore be
concluded that there is also evidence of altereegL® — Consistent Consciousness in normal
ageing. Importantly, the slower response stratelgypted by older adults may be viewed as
compensatory; different but not necessarily abnaérmather words: slower may facilitate

surer.

5.4.1. Summary.

The current study investigated Consistent Consoesss (Stuss et al., 2001), a type of
awareness dependent on the ability to organisesemgormation and executive functioning
underlying effective and adaptive cognition andaxebur. Performance monitoring was
proposed to provide a conceptualisation of thig typawareness. Ageing was associated with
some deficits in Consistent Consciousness: atteifsiimulus processing), error detection and
error processing. A possible explanation for sinplarformance is that age-related
attenuations in ERP correlates of performance radng are not sufficient negatively to

impact on functioning (Falkenstein et al., 2001pwever, effective and adaptive remedial
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actions and response strategies were found, prayelridence of compensatory mechanisms

for impaired underlying processes in older adults.
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Chapter 6. Awareness Assessed by Measures of Metargeand Self-Report of Functioning

Metacognition is the study of self-reflected aspaxtcognition; the reasoning and
consideration of one’s own thinking and memorywal as the executive processes that
facilitate the selection of strategies and corttnelallocation of processing resources
(Wellman, 1983). Metacognitive research has tradiily focused on three methods of
measurement: self-evaluation of memory functioraffgine; self-evaluation of memory
functioning during task performance (on-line); amanitoring of memory performance
(Kausler, 1991). Off-line, self-evaluation of memancludes the participant’s perceptions of
the efficiency and general functioning of their nagnabilities and is typically assessed using
guestionnaires. This includes assessment of metangdreliefs. This type of metacognitive
performance is closely related to awareness; inddedzog and Dixon (1994) argue that they
are analogous - that evaluation of performanciketyi to involve the focussing of attention
combined with awareness of one’s abilities. In tegard, this type of metacognitive ability is
similar to Self-Awareness, the highest level of ltherarchies of Processing (HoP) model
defined by Stuss et al. (2001). A number of stutlesreported changes in self-perceptions of
memory abilities with age. Older adults reportgayceive reduced memory capabilities,
more decline and less internalised control over themory (Dixon & Hultsch, 1983;

Hertzog, Dixon, Schulenberg & Hultsch, 1987; Huitsbertzog & Dixon, 1987).

The aim of this study was to assess Self-Awarefeéskevel 4 of the HoOP model, Stuss et al.,
2001), and to extend current knowledge of metamegibeliefs in ageing by using multiple
self-report measures of abilities, focusing on mgnkmowledge and capabilities, memory
functioning in demanding situations, and cognitwel behavioural changes. Awareness and
reporting of personal abilities may be influencgddyel of cognition, socially desirable
responding, and/or affect (e.g. Derouesné et @09:1Kashiwa et al., 2005; Rabbitt & Abson,

1991), and the current study examined the effetitede potentially confounding variables.

6.1. Introduction.

6.1.1. Assessment of Metamemory in Ageing.
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The measurement of metamemory beliefs has a I@tgriziin the metacognitive literature,
and typically takes the form of questionnaires. Metamemory In Adulthood questionnaire
(MIA; Dixon et al., 1988) was designed as a muttidnsional measure of self-referent beliefs
about memory functioning and knowledge of memoncpsses (see Table 6.1). There are
consistent findings of age-related differencesoims of the MIA subscales: Capacity,
Change, and Locus (Dixon & Hultsch, 1983; Hertdoxon, Schulenberg & Hultsch, 1987;
Hultsch, Hertzog & Dixon, 1987), indicating thatlet adults perceive that they have reduced
memory capabilities, more memory decline over tiarg] less internalised control over their
memory. However, there are mixed results with régarthe Strategy subscale. Only Hultsch
et al. (1987), for example, found that older adtgfsorted employing more strategies to
support their memory performance than younger adbitcon and Hultsch (1983) identified
two subcomponents of the Strategy subscale: Ratr{gwternal mnemonic strategies) and
Physical Reminders (external memory aids), andrebdenumerical differences in that older
adults used Physical Reminders to a greater eatehRetrieval to a lesser extent compared to
younger adults. However, McDonald-Miszczak et H95), who also split the Strategy
subscale into its subcomponents, did not find ayeydifferences in either component.
Although Hultsch et al. (1987) found that older kslemployed more strategies to support
their memory, the Strategy subscale was not segghnatio its subcomponents, limiting
knowledge about specific strategy use in oldertadiihe authors suggested that further

investigation of strategy use in older adults wasranted.

Despite the work described above, there has beknflirther investigation of metamemory
beliefs in ageing in the last decade (however sEbdéghen, Geraerts & Marcoen, 2000).
Arguably, these beliefs might have changed givahéhgagement in cognitively demanding
activities has been shown to protect against civgnitecline in older age (Coyle, 2003;
Hultsch, Hertzog, Small & Dixon, 1999), and thees lbeen increased public awareness of the
benefits of a healthy lifestyle. Increased knowked§ protective factors may influence

general beliefs about cognition and ageing, termmgadicit theories (Hertzog & Hultsch,

2000), which may impact on metamemory beliefs.dswtherefore, of interest to examine

whether self-perceptions of memory have changezkgime MIA studies reported by Hultsch
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and colleagues, as it is possible that implicibties of ageing and cognition have changed

since that time.

Table 6.1. The Dimensions of the Metamemory In Athdd (MIA) Instrument.

Dimension

Description

Achievement
(range 16-80)
Anxiety
(range 14-70)
Capacity
(range 17-85)
Change
(range 18-90)
Locus

(range 9-45)
Strategy
(range 18-90)

Task
(range 15-75)

Perceived importance of having a good memory anidmeing well
on memory tasks (+ = high achievement).

Feelings of stress related to memory performancelftgh anxiety).

Perception of memory capacities as evidenced lgjigiree report of
performance on given tasks (+ = high capacity).

Perception of memory abilities as generally stablsubject to long-
term decline (+ = stability).

Perceived control over remembering abilities (+reager internal
control).

Knowledge and use of information about one’s renmenmig abilities
such that performance in given instances is payimproved

(+ = high use).

Knowledge of basic memory processes (+ = high kadge).

Note Based on Dixon and Hultsch (1983). + = Higheraso

Dixon and Hultsch (1983) employed three sampleatiolate the MIA. The first sample was
composed of 60 younger and 60 older adults (18r8apd 50-81 yrs, respectively). Sample 2
included 50 younger, 50 middle aged and 50 oldeltsa@1-39 yrs, 40-58 yrs, and 60-84 yrs,
respectively); and, Sample 3 included 36 youngémaldle aged and 36 older adults (21-39
yrs, 40-58 yrs, and 60-74 yrs, respectively). Tiveeee no significant differences in the
demographic data provided for each of the grouplssamples; for example, years of
education and vocabulary scores on the Vocabulasy T and the Advanced Vocabulary Test
from the Kit of Factor-Referenced Cognitive Testyevequivalent. Participants rated their

overall health, eyesight and hearing as ‘moderagebd’ or ‘better’, and the groups did not
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significantly differ on self-reported health statlise results from Sample 1 are considered
first. Younger adults had greater knowledge of mgnpoocesses (Task), perceived their
memory capabilities to be better (Capacity) and tinemory function as stable (Change)
compared to older adults. A trermu<.07) for an age difference in perceived contra@rov
memory (Locus) was also found. Scores obtained fsample 2 replicated the findings of
age-related differences in Capacity and Changecaldsbetween younger and older adults
and indicated, further, that older adults percensre memory decline with time compared to
middle aged and younger adults. Consistent withelidings, an age difference between
younger and older adults (Sample 2) was found erLttus subscale, indicating that older
adults perceived less internalised control oveir themory. Significant effects of age were
also found on the Task, Capacity and Locus subsaal®ample 3. The relatively consistent
findings indicated that the age differences webrist. Dixon and Hultsch (1983) reported that
the Capacity and Change subscales were positivetglated. They suggested that older
adults had an awareness of possible memory degltheage and perceived this outcome as a
given, which is compatible with the perception @fluced control over memory in this

population.

In a later validation study, Hultsch et al. (198Wluded 360 participants from Victoria
(British Columbia, Canada) aged 20-78 years, ségéiato four age groups (20-26, 55-61,
62-68, 69-78), and 415 participants from AnnvilRe(nsylvania, USA) aged 20-78 years
divided into seven age groups (20-33, 34-40, 4148754, 55-61, 62-68, 69-78). Data from
the Victoria sample were analysed using multivaratalysis of variance and revealed that
older adults perceived significantly less memoryatality, and less control over their
memory, at the same time as they perceived sigmifiz more memory decline and reported
greater strategy use compared to younger adulesydtinger adults reported significantly
greater perceptions of memory capacity and lessgehan memory functioning compared to
all of the older adult groups. The younger aduks aeported lower strategy use than the 55-
61 year old group, and higher control over membantthe 69-78 year old group. The only
difference between the older adult groups wasttieabldest group reported less control over
memory than the 55-61 year olds. As the Annvill@gie was composed of a continuum of

chronological age, a hierarchical regression amalyas conducted with year of birth to
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identify age-related trends. The results from timeAlle sample replicated the previous
findings from the Victoria sample, in that oldeéd perceived reduced memory capacity and
more decline, with a trend for older adults to péare reduced control over their memory.
Although there were no group differences in edacatvocabulary or self-reported health in
either sample, the younger adults in the Annvidlmple were recruited from the community
and did not have a University education, indicatimat age differences in Capacity, Change
and Locus perceptions were not driven by educdt&tatus. Hultsch and colleagues
concluded that the greatest age-related metamediifteyences were between younger
University students and older community-based adiihere were generally no significant
differences between the older age groups in theoXacsample, but linear age-related trends
were found in the Annville sample. To explore ttifference in greater detail, the authors
conducted a similar, hierarchal regression analyglsyear of birth from the older adults

aged 55-78 years in the Victoria sample. This asiglfailed to find any linear trends in
metamemory beliefs, indicating that findings ofrsfigzant metamemory differences in this

age range may be variable. A possible interpretatidhat metamemory perceptions do not
differ between the young-old and old-old, suggestirat these perceptions become
entrenched at a relatively early age (~ 55 yrs)raagl remain stable over time (see also
McDonald- Miszczak et al., 1995). In support, Mc@all (1994) did not find any

relationships between age and metamemory belisflcommunity-based sample of 169
adults aged 55 years and over. However, older adgktd 65-79 years reported greater use of
strategies to support their memory performance @vetpto the older adults aged 55-65 years
(McDougall, 1994).

6.1.2. Confounding factors.

Differences in metamemory perceptions in ageingetwnsistently been found (e.g. Dixon &
Hultsch, 1983; Hertzog et al., 1987; Hultsch etE87), but there has been little
consideration of potentially confounding factorsiethmay contribute to self-assessment of
cognitive functioning. A notable exception is thedy by Verhaeghen et al. (2000), which

found that anxiety about memory, as measured bilAeAnxiety subscale, mediated the
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relationship between self-reported memory compgaamid coping behaviour. Moreover,
McDougall (1995) found that depression was rel&bepkerceptions of greater change in
memory over time. In support, Rabbitt and Absorf(@4991) found that self-assessment of
functioning using the Cognitive Failures Questiamm@CFQ) was positively correlated with
Beck depression scores< .33 and = .15: Rabbitt & Abson, 1990, 1991, respectively).
However, the CFQ differs from the MIA in that trerher focuses on the occurrence and
frequency of cognitive problems and failures, whsrthe MIA requires assessment of
memory knowledge and abilities. Rabbitt and Abs@h390; 1991) work is, nevertheless,
important, as it emphasises the necessity of sirgéor level of fluid intelligence, affect and

self-regard, which are all variables that may dbate to self-assessment of functioning.

In summary, previous studies have found age-rel@iféetences in the MIA subscales of
Capacity, Change, Locus and Strategy (Dixon andsidin) 1983; Hertzog et al., 1987;
Hultsch et al., 1987). The Strategy subscale has beown to have two subcomponents
(Dixon & Hultsch, 1983; internal mnemonic strateg@nd external memory aids) with
younger adults relying more on internal strategidsereas older adults utilise external aids to
a greater extent. There is some evidence thattaffag contribute to self-assessment of
functioning (Rabbitt & Abson, 1990, 1991) and ishmeen suggested that awareness deficits

may be related to self-esteem (Clare, 2004a).

6.1.3. Clinical Approaches to Assessing Awarenés$siactioning.

The clinical literature has focused on impairmentawareness of specific functions, such as
memory functioning (Eslinger et al., 2005; Vastgglet al., 1995), and cognitive and
behavioural functioning (Migliorelli et al.,1995te8kstein et al., 1996). One of the methods
commonly employed is the calculation of discrepasmyres between patients and their
informants. For example, Vasterling, Seltzer, Faoss$ Vanderbrook (1995) utilised a general
guestionnaire with items assessing memory, hesdihcare, anxiety, depression and
irritability. Anosognosia questionnaires have diseen developed focusing on memory,

cognitive and behavioural deficits (e.g. Migliorat al., 1995). Larger discrepancy scores are
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interpreted as indicating awareness deficits irptteent. Discrepancy scores can either be
positive or negative: positive discrepancies mapliitained when the informant reports
greater impairment than the patient (anosognosia@reas negative discrepancies reflect the
converse - the patient reporting greater defi@nttheir informant (“hypergnosia”: Michon,
Deweer, Pillon, Agid & Dubois, 1994, p. 807). Infuant reports can be influenced by factors
such as carer burden (DeBettingnies, Mahurin &£ioto, 1990; Seltzer, Vasterling, Yoder

& Thompson, 1997), tolerance and understandingegftfects of iliness; and patients’
overestimation of impairments may be related taegpon (Michon et al., 1994). In addition,
it may not always be assumed that limited awareisessign of deficit, as an individual may
adopt limited awareness as a coping mechanisnpteaénts them from having to contend
with something they would rather avoid. Indeed r€f2004a) indicated that impairments in
awareness may serve a protective function to tlieseem of the patient and found that
denial of deficits was common in individuals witiDASelf-esteem was not described with
regard to the biopsychosocial model that Clare 4bQ@eveloped, rather it was presented as a
possible explanation for why patients may deny immpants in awareness. Clare (2004b)
suggested that denial of deficits may serve togatatelf-esteem; that is, there would be no
need for the individual to adjust their self-peroeps if they had not acknowledged that they
were experiencing any problems. Although impairrme@mtawareness are found in individuals
with diseases of ageing (e.g. AD and Parkinsorssatie), and with brain injury (Section
1.3.4., Chapter 1), it is not clear the proporobrdeficit’ in awareness that is related to
ageing, level of cognitive function, and the indiwal’s own coping strategy. It may also be
considered that these factors are inter-relatedtzatdt is not helpful to try and separate them.
Perhaps of greater importance is the lack of studith appropriate control groups. Few
studies employ older adult control samples (howeses e.g. Eslinger et al., 2005); therefore,
there is a lack of evidence identifying patternslistrepancy scores on measures of awareness

in healthy ageing.

6.1.4. Aims of the Study.

The study aimed to investigate Level 4 — Self-Awass of the HOP model (Stuss et al., 2001)

and explored age-related changes in awareneseem tbmplementary ways. Using the MIA
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as a measure of metamemory beliefs, the study aionegplicate previous findings of age-
related differences in the Capacity, Change, L@ndsStrategy subscales. As the Strategy
subscale of the MIA can be separated into two suipoments, and there is some evidence to
suggest that there are age-related differencegpestof strategies used to support memory,
internal strategies and external aids were alsestigated. Furthermore, two additional self-
report measures of awareness of functioning wemgrastered. The Memory Awareness
Rating Scale (MARS; Clare, Wilson, Carter, Roth &ddes, 2002) assesses awareness of the
functioning of memory in demanding situations. THeX questionnaire from the Behavioural
Assessment of the Dysexecutive Syndrome batteryD@ANilson, Alderman, Burgess,
Emslie & Evans, 1996), addresses both cognitivebatdvioural changes. Both the MARS
and the DEX have informant versions. The aim wadetermine whether changes in
metamemory were related to awareness of changesnmory more generally, and to changes
in general cognitive and behavioural functioningg o explore how these related to

informant reports in older adults.

The literature suggests that awareness of fundioglated to anxiety, depression and self-
esteem (Clare 2004a; Rabbitt & Abson, 1991), atatiomships between these variables and
the awareness questionnaires were explored inggrdatail. The potentially confounding
variables of cognitive function, self-esteem andaity desirable responding were also
considered. Discrepancy scores between the olddisaahd their informants were calculated
for the DEX and the MARS to examine patterns of @mwass of functioning in healthy older
adults. In order to assess Self-Awareness (cf. Il4vé the HOP model; Stuss et al., 2001),
which is supported by the monitoring of personalitéds, age-effects on awareness of

functioning were examined. Specifically, the follag hypothesis was tested:
1. Older and younger adults differ in awarenesstfoning as assessed by MIA subscales, and

by the MARS and DEX, and this may be related tted#nces in anxiety, self-esteem and/or
level of cognitive function.
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In order to explore the relationship between dosmafmrawareness functioning assessed by the
MIA, and possible differences in this profile beemeolder and younger adults, a number of

more specific hypotheses were tested:

2. Age-related differences occur in the Capac€ityange, Locus and Strategy subscales of the

MIA, but not in the Achievement or Anxiety subsale

3. A significant, positive association would beridubetween perception of change in memory

functioning (MIA Change) and perception of genengmory capacity (MIA Capacity).

4. Perception of change in memory functioning (MBAange) and self-reported strategy use
(MIA Strategy) would be negatively correlated.

5. The MIA Anxiety subscale would correlate negaltpwvith: (i) perceptions of memory
capacity (MIA Capacity), and, (ii) perceptionsaifangein memory capacity (MIA Change),

in the older but not younger adults.

6.2. Method.

6.2.1. Participants.

Thirty older adults (OAM Age 69.4 years, SD 6.7; 10 male and 20 female nameteen
younger adults (YAM Age 21.9 years, SD 4.3; 4 male and 15 female) cetaplthe
guestionnaire battery. The OA were requested teigecan informant and 24 OA informants
additionally participated in the study. An informtavas a person (e.g. spouse, significant
other, or friend) that the OA participant consenteteing approached.

In the current study, the age range of the oldatta@ample exceeded two decades, thus, based

on findings of metamemory differences between oddieit groups (see Hultsch et al., 1987),

the older sample was divided into young-old (60yé8rs) and old-old (70-84 years) groups.
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6.2.2. Measures.

6.2.2.1. Cognitive Measures:

i) Ravens’ Standard Progessive Matrices Sets A (REPM; Raven, Raven & Court, 2000).
The RSPM provides a measure of fluid intelligeri®ets A to D were administered in order
and the participants were advised that the setédwocrease in difficulty. As in other studies,
Set E was excluded due to time constraints (e.fiaCa, Vezzadini, Zonato, Copelli &
Venneri, 2003). The maximum possible score is 485 3-D).

6.2.2.2. Affective Measures:

i) Rosenberg Self-Esteem Scale (R-SES; Rosenb@88)1The questionnaire is composed of
10 items with a six-point rating scale. The R-SES high internal consistenay € .88;
Greenberger et al., 2003). Higher scores indicigieeh levels of self-esteem, with a

maximum score of 60.

i) The Hospital Anxiety and Depression Scale (HAZ&mond & Snaith, 1983) is
composed of 14 items and provides measures of tgradel depression. It is widely used with
healthy and patient populations. Both the Anxieatgl ®epression scales have high internal
consistencyo. = .80 and .76, respectively (Mykletun, Stordal &HD, 2001). In the present
study, these scales were completed by the indilidithout assistance from the examiner.
Higher scores indicate higher levels of anxiety dagression, with a maximum score of 21
per scale. A score of 0-7 is considered to be withe normal range, clinically significant

scores are 11+.
iii) Shortened Marlowe-Crowne Social Desirabilitgede(M-C 1; Strahan & Gerbasi, 1972).

The M-C 1 is actually a shortened version of thelbige-Crowne Social Desirability Scale

(M-C SDS; Crowne & Marlowe, 1960). It uses a didmbus rating scale of true or false for
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10 statements reflecting highly desirable or urrdéée properties, e.g. ‘I like to gossip at
times’. The M-C SDS has high internal consistency (88; Crowne & Marlowe, 1960), and
the shortened version is highly correlated withdhginal versioni( = .80; Strahan &

Gerbasi, 1972). The M-C 1 was administered to thenger and older participants, and to the
OA informants. By having informants complete thaledt was also possible to assess the
degree to which they gave socially desirable respsion the informant questionnaires. There
has been little consideration of psychologicaldexthat may potentially influence

informant’s reports of functioning. This scale reathaximum score of 10, with higher scores

indicating greater socially desirable responding.

6.2.2.3. Self-Report Measures of Awareness:

i) Metamemory In Adulthoo@MIA; Dixon, Hultsch & Hertzog, 1988). The MIA is HO8 item
self-report questionnaire investigating self-reféteeliefs. The questionnaire provides seven
subscales (see Table 4.1). The MIA subscales hghdriternal consistency, witthvalues
ranging from .71 to .93 (Dixon et al., 1988).

i) DEX questionnaire from the Behavioural Assessmente@Dtyisexecutive Syndrome
battery (BADS; Wilson, Alderman, Burgess, Emsli&fans, 1996). The BADS has been
validated in 16-87 year olds, and is considerdoktgensitive to frontal lobe functioning
(Wilson et al, 1996). The self and informant vensiof the DEX have 20 items regarding
emotional or personality change, motivational, vataral and cognitive changes (score range
0-80). Reliability and validity data are not prosdin the BADS manual. However, a
significant relationship was found between inforin@&X scores and total BADS scorre( -
.62; Wilson, Evans, Emslie, Alderman & Burgess,&9®dicating that informants’
assessments of problems were associated with werf@mance on the BADS by the
participant. OA informants were administered thferimant version. Discrepancy scores are
calculated and may be positive, indicating thatipi@ant scores are lower than informants’,
or negative, indicating that participant scoreshagher than informants’. Larger positive

scores are indicative of greater difficulties watlvareness of deficit in the participant, but
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such scores must be interpreted cautiously dugetpassibility that the informant’s rating is
influenced by carer-burden. Larger negative scorag also suggest altered awareness of
deficit, or overestimation of deficit based on atfaetors such as low self-esteem. DEX
discrepancy scores, nonetheless, provide imparérmation related to individual

awareness.

iii) The Memory Awareness Rating Scale (MARS; CJatélson, Carter, Roth & Hodges,
2002) was specifically designed to assess memoayeagss in dementia. There are self and
informant versions of a 10 item questionnaire itigasing performance in different situations
dependent on memory abilities (score range 0-523pBnses relate to management in the
given situations, for example, ‘you have made gyoagment and you need to remember to
go along’ and range on a scale from always to néxmver scores represent greater problems
managing in the given situations, and perhaps therdetter awareness of functional
limitation. The scale has high internal consistefocy .94) and a high test-retest reliability (
=.91; Clare et al., 2002). The participant versgadministered as an interview, whereas the
informant version is given as a questionnaire. @Aarmants were administered the informant
version. Discrepancy scores are calculated an@ilsareither be positive: participant scores
are higher than informants’, or negative: partioipscores are lower than informants’. Larger
positive and negative scores are indicative oftgradifficulties with awareness in the

participant, although the same considerations @sethdescribed for the DEX undoubtedly

apply.

6.2.3. Procedure.

The questionnaire battery was administered aloegsie demographic questionnaires (see
Chapter 3). These data were collected prior ta&efRE session. With the exception of one
older adult, the older adults were assessed in ltioenes and the younger adults at the School
of Psychology, University of Southampton. The oroiethe questionnaires is given in Section
3.8 Chapter 3 and took approximately 2 hours topteta. One older adult did not complete
the MIA.
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6.2.4. Statistical Analysis.

Outliers were identified with box-plots and scooegside of the normal range were excluded
from the analyses, as such, one OA was excluded tihe RSES, one YA from the HADS
Anxiety scale, and one YA from the HADS Depressioale. Shapiro-Wilk tests were then
conducted on all variables to assess fit with threnal distribution. All data were normally
distributed (p > .05). In addition, testing of the measureswir@ness did not reveal any
violations of linearity, homogeneity of varianceroulticollinearity. The RSPM, RSES,
HADS Anxiety and Depression scales were analys#d idependent Samples t-tests, as
were the DEX and the MARS between the OA and ih&rmants. Social desirability
between the two groups and the OA informants wessitigated using a one-way analysis of
variance. A series of MANOVAs was conducted compagdge groups on the measures of
awareness (MIA subscales, DEX and MARS). MANOVAseavalso performed on the
subscales of the Strategy scale, and between thegyald and old-old groups on the
awareness measures. As depression was found ¢o loifween the groups, a MANCOVA
was conducted to assess the effects of depressibgraup on the awareness measures.
Anxiety and self-esteem were also included in MANGOmodels to assess the effects these
variables had on awareness. Bivariate correlatvare performed between the MIA subscales
for each group, between the awareness measurdbeadcial desirability scores for each
group, and between the RSPM scores, a measunadfiritelligence, and the measures of
awareness. Bonferonni corrections were used toadamily-wise error rate for unplanned,
post hoc comparisons following the analyses ofaraxe. Corrections were not used for
exploratory correlations given the increased riskype 2 error (Perneger, 1998; Rothman,
1990).
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6.3. Results.
6.3.1. Measures of Cognition and Affect.

Mean scores and standard deviations are presenieable 6.2. There was a significant
difference between the groups on the HADS depressialet (44.5) = -3.45p = .001,
indicating that younger adults reported lower |lswal depression. However, the ranges of
HADS depression scores were similar; 2-8 (YA) artl(®A). None of the scores were

within the clinical range.

6.3.2. Measures of Awareness.

A MANOVA was conducted to investigate age differesiin self-report of awareness of
functioning (MIA subscales, MARS, DEX). There weignificant differences between OA
and YA on the combined dependent measures of aesselVilks’A = .48, multivariatd- (9,
37) = 4.54p <.001, partiah? = .53. Univariate tests indicated significant aféerences on
three of the MIA subscales: Changg1, 45) = 21.24p <.001; LocusF (1, 45) =5.38p =
.025; and Strateg¥; (1, 45) = 5.30p = .026, but not on the MARS or DEX. These findings
indicate that OAs perceived their memory to dectiwer time, reported less internalised
personal control and reported utilising more sg@® to improve their memory performance.
The Strategy subscale was divided into the subcaems Internal strategies and External
aids further to investigate these age differenésghere were no specific hypotheses about
age differences in the subcomponents, due to imgensies in previous findings, the alpha
level was adjusteg(= .025). There was a significant difference betwiengroups: WilksA

= .70, multivariaté= (2, 45) = 9.71p <.001, partiah’= .30. The External subcomponent was
found to differ between the grougs(1, 46) = 19.17p <.001. This result indicates that older

adults utilised more external memory aids compé&gebunger adults to support their
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Table 6.2. Mean scores (standard deviation) fostijuenaire battery obtained from younger

and older adults.

Measures Younger Older
N=19 N =30
Cognitive RSPM 40.5 (3.5) 39.4 (4.2)
Affect RSES 49.6 (7.8) 49.9 (5.4)
HADS Anxiety 7.0 (2.2) 7.8 (2.7)
HADS Depression 4.3 (1.4) 6.0 (2°%0)
MC-1 5.3 (2.3) 5.4 (1.9)
MC-1 Informant - 6.4 (1.1)
Awareness  MIA: Achievement 58.5 (8.5) 58.6 (6.3)
MIA: Anxiety 42.3 (7.5) 40.9 (9.1)
MIA: Capacity 54.7 (7.3) 51.6 (8.7)
MIA: Change 60.4 (8.1) 46.1 (11.2)
MIA: Locus 30.3 (4.0) 27.7 (4.8
MIA: Strategy 58.9 (7.2) 64.7 (7.8)
MIA: Internal 39.7 (5.5) 40.4 (5.0)
MIA: External 19.3 (4.2) 24.3 (3.7
MIA: Task 57.7 (5.8) 57.3 (4.9)
DEX 21.6 (9.1) 20.8 (7.9)
DEX Informant - 13.2 (8.7
DEX Discrepancy - -7.7 (10.5)
MARS 40.6 (6.2) 42.0 (7.5)
MARS Informant - 41.1 (8.7)
MARS Discrepancy - 1.5(10.2)

Note ?p < .05 (Independent Samples t-tests): YA vs. OA @Advs. Informant. Informant = 24;°p < .05
(MANOVA); RSPM = Ravens’ Standard Progressive Mags; Raven, Raven & Court (2000); R-SES =
Rosenberg Self-Esteem Scale; Rosenberg (1965); HABSspital Anxiety and Depression Scale; Zigmond &
Snaith (1983); MC-1 = Shortened Marlowe-Crowne 8SlobesirabilityScale;Strahan & Gerbasi (1972); MIA =
Metamemory In Adulthood; Dixon, Hultsch & HertzatP88); DEX questionnaire from the Behavioural
Assessment of the Dysexecutive Syndrome batterlsdj Alderman, Burgess, Emslie & Evans (1996); MAR

= Memory Awareness Rating Scale; Clare, Wilsont&aRoth & Hodges (2002)
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memory performance, and this difference was driviregfinding of group differences on the
overall Strategy subscale. The MANOVA investigatage-related differences within the OA
group on the measures of awareness was not samtifiéVilks’ A = .68, multivariatd= (9, 18)
=.92,p=.529, partiah® = 32, indicating that there were no significarffetences between

the young-old and old-old participants across thraliined measures of awareness.

6.3.2.1. Influence of mood and self esteem.

One of the aims of the study was to explore themt@l effects of self-esteem and anxiety on
awareness. The MANCOVA examining the effects ofFesteem was not significant (Wilks’
A = .67), multivariatd= (9, 35) = 1.95p = .076, partiah® = .33, suggesting that self-esteem
was not related to self-reported awareness of ifmicig. However, the multivariate main
effect of group remained significant, with univaeianalyses replicating the group effects
reported above, indicating that self-esteem waselated to the age differences found on the
Change, Locus and Strategy subscales. The MANCOWAstigating the effect of anxiety
revealed a consistent main effect of age groupaaneffect of the covariate HADS Anxiety:
Wilks’ A = .47, multivariatd= (9, 35) = 4.35p = .001, Wilks’A = .54, multivariatd= (9, 35)

= 3.28,p = .005, partiah2 = .46, group and anxiety, respectively. This¢atis that anxiety
was significantly related to self-report of awaremand suggests that HADS Anxiety and age
independently influenced MIA subscale scores. Tiieariate analyses of group effects
replicated the findings above indicating that, aftentrolling for anxiety, the group
differences found in Change, Locus and Strategywet related to anxiety. The univariate
tests revealed relationships between anxiety amee thf the MIA subscales and the DEX:
Anxiety, F (1, 43) = 23.76p <.001; Capacityf- (1, 43) = 7.85p = .008; Change; (1, 43) =
7.83,p=.008; and DEXF (1, 43) = 5.88p = .020. Higher levels of anxiety were related to
increased levels of stress about memory, the peocepf more decline over time, reduced
memory capacities and more problems with behavi@né cognitive functioning. Despite
adjusting the alpha level for multiple comparisgns .006), the relationship between anxiety
and scores on the MIA subscales of Anxiety, Cagauitdt Change remained significant.
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As level of depression differed between the agepspa MANCOVA was also performed to
investigate the effects of depression and age @awareness measures, with depression as a
covariate. Multivariate tests found that there wagnificant effects of both HADS
Depression and group on the awareness measurés’ Wik .59, multivariatd= (9, 35) =
2.76,p = .015, partiah2 = .42, Wilks’A = .52, multivariatd= (9, 35) = 3.54p = .003, partial
n2 = .48, depression and group, respectively. Tésslt indicates that after controlling for the
effect of depression, age differences in the sgbrt of awareness remained. This also
suggested that HADS Depression and age indepegdefitienced MIA subscale scores.
Univariate tests revealed significant differencessgen the groups on the Change subsEale,
(1, 43) =12.23p=.001 and the Strategy subsc#&l€]l, 43) = 6.30p = .016. The age
difference in the Locus subscale was no longelifsignt once the effect of depression was
controlled, indicating that the age difference amicol over memory functioning could be
explained by the greater level of depression irolder adults. The univariate tests for
depression found relationships with several MIAsaatbes: AnxietyF (1, 43) = 11.26p =

.002; CapacityF (1, 43) = 10.56p = .002; ChangeF (1, 43) = 9.30p = .004, the DEXF (1,
43) = 6.43p = .015 and the MARSE (1, 43) = 6.56p = .014. Higher levels of depression
were related to increased levels of anxiety/stadssit memory, the perception of more
decline over time, reduced memory capacities, mooblems with memory abilities in
demanding situations, and behavioural and cognitiaetioning. These results also indicated
that age-related differences in the DEX and MARE became apparent when depression
was controlled for. As before, despite adjustingmaltiple comparisong(= .006), the
relationship between age group, controlling forrdgpion, and scores on the MIA subscales
of Anxiety, Capacity and Change remained significedlowever, the DEX and MARS age

group differences were no longer significant.

6.3.3. Correlations.
Exploratory, bivariate correlations performed bedsweach of the MIA scales are shown in

Table 4.3. In the OA sample, the only significantrelations were between Anxiety and

Change, and Capacity and Change (see Table 6.8)Aitkiety and Change correlation was
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also significant in the YA group. These resultscate that in both YA and OA participants,
as anxiety/stress over memory performance incredsegerception of memory stability over
time decreased, and in the OA group, the percepfiamcreased memory capabilities was
also related to the belief that memory remaineblstaAlthough the correlations between
Anxiety and Capacity, and Change and Strategy wetaignificant, perhaps due to an
insufficient sample sizen(= 29), the strength of each relationship was madddra -.46 and

= -.38, respectively), and accounted for 21% arfib b the shared variance, respectively.
These results indicate that as stress and anxtetymemory performance increased, the
belief that memory is stable over time decreasethe OA participants, greater reported use

of strategies was related to the belief that mendegtined over time.

The DEX and MARS were not related, and no relatigrswere found between the DEX and
any of the MIA subscales in either group. Howetlee, MIA subscale Capacity was related to
the MARS in both groups:(19) =.79,p < .001 and (29) = .56,p =.002, YA and OA

groups, respectively. These results indicate teatgptions of better memory capabilities

were associated with better self-reported perfooean memory-demanding situations.

Post hoc bivariate correlations were conductedsess the relationship between the
perception of Change and the use of Internal mné&strategies and External aids in OA.
The correlation between Change and the Internal@uponent was significant:(29) = -.39,

p =.039, however, there was no significant relatmbetween Change and External aids in
OA. That is, participants who perceived themsebg&having experienced greater change in

memory functioning over time also reported usingeriaternal memory strategies.

Fluid intelligence was significantly related to &&gy and DEX scores in the older aduits,
(29) = .40,p = .031 and (30) = -.49p = .006, respectively, suggesting that higher legéls
fluid intelligence were associated with greateatstyy use, and with fewer reported problems

with cognitive and behavioural functioning.

As socially desirable responding in each groupastipipants (YA, OA and OA informants)

was a potential threat to the validity of the stuctyrrelations with the measures of awareness
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were also performed. Social desirability was ntdtesl to any of the awareness measures in
either group.

6.3.4. Patterns of Discrepancy Scores on Awareofdsgnctioning.

Independent t-tests were conducted on the DEXla#MARS, between the OA and their
informants, to explore whether there were any diffiees between these groups in the
reporting of cognitive and behavioural functionifidhe means and standard deviations are
provided in Table 6.2. A significant difference wiasind between the reporting of functioning
on the DEXt (52) = 3.39p = .001, indicating that the OA reported more proidevith
cognitive and behavioural functioning than werevimed by their informants. No differences
were found with the MARS.
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Table 6.3. Pearson product-moment correlationsdmtvthe MIA subscales for older and younger adults.

Achieve Anxiety Capacity Change Locus Strategy kTas
Achieve .38 (.14) 15 (.02) -.27 (.07) 34 (.12) 12 (.01) .24 (.06)
Anxiety .06 (.00) -46 (21) -65t1(42) -.01(.00) .20 (.04) 26 (.07)
Capacity .28 (.09) -.54 (.29) 5971 (.35) .36 (.13) -.26 (.07) -.08 (.01)
Change -.05(.00) -.597 (.35) 48 (.23) .34 (.12) -.38 (.14) -.26 (.07)
Locus .31 (.10) .19 (.04) 13 (.02) .04 (.00) @) .04 (.00)
Strategy .02 (.00) .05 (.00) -.23 (.05) -.23(.05) -.13(.02) .35 (.12)
Task .58 (.34) .15 (.02) .23 (.05) .04 (.00) 3. .30 (.09)

Note OA (n = 29) data above the line; YA € 19) data below the line; < .007 (Bonferroni adjusted for multiple comparisjy
Re values in parentheses.
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6.4. Discussion.

The present study investigated Self-Awarenesdhitfieest level of the HoP model (Stuss et
al., 2001), in healthy older and younger adultagisnultiple measures of awareness of
functioning. Awareness was assessed using selfirepasures of memory knowledge and
abilities (MIA), awareness of memory in demandiitgations (MARS) and awareness of
cognitive and behavioural changes (DEX). As predictlifferences were found in the
Change, Locus and Strategy subscales of the Migpating previous studies indicating that
older adults perceive more memory decline over tiess internalised control over their
memory and report utilising more strategies to supmemory performance (Dixon &
Hultsch, 1983; Hertzog et al., 1987; Hultsch etE87). Furthermore, the current study
found that older adults relied upon external mensidg to a greater extent than younger
adults, providing support for the numerical trendicated by Dixon and Hultsch (1983).
Although perceptions of Capacity and Change wes#ipely correlated in the older adults, in
that greater self-reported memory capabilities welated to greater reported stability of
memory functioning, the study failed to find an agkated difference in perceptions of
memory capacity. It was expected that a percemti@reater change in memory abilities over
time would be related to increased use of strasegidelp memory functioning in older
adults. Although the correlation was not significgrossibly due to the small sample size, the
relationship was modest and accounted for 14%ef#niance. The G* Power 3 calculation
program (Faul, Erdfelder, Lang & Buchner, 2007)eaed that 12 additional participants, to
provide a sample size of 41 older adults, wouldehaeen needed to find a relationship with

an alpha level of .05, power .80.

Similar to Hultsch et al. (1987) and McDougall (#9%he current study failed to find any
age-related differences in metamemory perceptiatisnthe older adult sample. Despite
equivalent awareness of cognitive and behaviouradtfoning to younger adults, the study
found evidence of hypergnosia in the older adakshey reported more cognitive and
behavioural problems than were reported by théarmants. This discrepancy between
participant and informant was not related to dejpogsin the older adults, or to socially

desirable responding in the older adult informaBiscontrast, the age group difference in
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perceptions of control over memory could be acoedifior by the higher levels of depression
in the older than in younger adults. Additionatigneral anxiety and depression, as measured
by the HADS, were related to increased anxietysiress over memory, reduced memory
capabilities and more perceived change over timeamory functioning. Higher anxiety and
stress about memory and greater perceptions ofjeharmemory functioning were highly
significant and positively correlated in both thdes and younger adults. Modest correlations
were also found in both groups between anxiety atv@amory and perceptions of memory
capacity, such that lower perceptions of capac#yewassociated with greater anxieties about
memory. In summary, these convergent findings ateithat there is an emotional component
to awareness of memory functioning, providing supfar Abson and Rabbitt (1990; 1991)
and McDougall (1995).

Despite the relationship between affect (anxiety depression) and metamemory beliefs,
self-esteem and social desirability were not reléeawareness of functioning in the current
study. There were, however, modest correlationsdet greater fluid intelligence in the older
adults and strategy use, and with fewer reportedlpms with cognition and behaviour,
suggesting that level of cognition is related ® tise of strategies to support memory
functioning and awareness of cognitive and behagidunctioning. This is consistent with
Verhaeghen et al. (2000) who found that anxiety streks over memory mediated coping

behaviours.

The present investigation extends our knowledgaethmemory in ageing in three important
ways. Firstly, this study is one of the first t@pide empirical evidence of the use of different
memory strategies in healthy older adults; Hultstchl. (1983) only found numerical trends
for different types of strategy use with age. Sedpmalthough the older adults perceived
greater memory decline with time, they reportedilsinmemory capabilities as the younger
adults. Thirdly, the age-related difference in pared control over memory was explained by

increased depression in the older adults.

The current study replicated the finding that oldeults report utilising memory strategies to

a greater extent than younger adults, and extekal@aledge by providing evidence that older
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adults rely on external memory aids more than yeuagults. Dixon and Hultsch (1983)
observed a trend for younger adults to utiliserimaemnemonic strategies more than older
adults. However, this finding was not supportechwiite present data, as the scores on this
subcomponent were similar between groups. The éxipaac that the perception of memory
decline over time would be related to increasedofistrategies in older adults was supported
by a moderate correlation. Further investigatiothef Strategy subcomponents found that the
perception of stability in memory abilities ovant in older adults was related to the
increased use of internal mnemonic strategies ahtbrexternal memory aids. These results
indicated a relationship between a belief in menstapility with age and mental techniques,
for example elaboration and rehearsal, to supperhany functioning in older adults. This
association warrants further investigation as gigasts, despite the greater reliance of the
older adults on external memory aids compared tmger adults, that the use of mnemonic
(internalised) technigues was related to positeegptions of memory abilities over time.
One implication of this finding is that the teadiof mnemonic strategies to older adults may
contribute to more optimistic perceptions of memionyctioning. It would also be of interest

to assess whether the teaching of such skillsenffed perceptions of control in older adults.

The replication of previous findings on the Chasgbscale suggests that perceptions of
memory decline with age are prevalent in older &zddlhe current study also supports the
proposition that perceptions of change in memongfioning may become entrenched at a
relatively early age and may remain stable ovee tfeng. Hultsch et al., 1987: Annville
sample; McDonald-Miszczak et al., 1995; McDougb8194). However, contrasting results
have been found by Hawley, Cherry, Su, Chiu and/ieki (2006). These authors, using the
Knowledge of Memory Aging Questionnaire (KMAQ), falithat older adults aged 80+
years, endorsed stereotyped views of normal meaugeing more often than did middle age
adults (40-59 years), and young-old adults (60-€&y). However, the discrepant results may
be methodological and could have arisen from difiees between the focus of the
guestionnaires; stereotypical beliefs in the KMAG assessment of memory knowledge and
abilities in the MIA. It would be of interest to gore any relationships between the two

guestionnaires, to assess potential overlap orhehdthe factors are complementary.
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Nevertheless, the current study’s consistent resuith those of previous studies using the

MIA, indicate that perceptions of memory declinghatime in older adults prevail.

These findings may be viewed as providing some aupr the influence of implicit theories
of cognition and ageing on metamemory perceptioregeing (see Hertzog & Hultsch, 2000).
For example, the perception of memory decline nayeated to an implicit belief that ageing
is associated with decline; however, it may alsodb@ted to perceptions attualchange

within the individual. As the current study was idegd to assess awareness in ageing, rather
than theaccuracyof awareness of functioning in ageing, no measofgsediction and
postdiction (traditionally used to assess accur8egtion 2.6.2., Chapter 2) were
administered. However, previous longitudinal stede2g. McDonald-Miszczak, Hertzog &
Hultsch, 1995) have found a weak relationship betwactual change in memory functioning

and perceptions of memory decline with a longeatian of follow-up (six years).

It is striking that the older participants in tsisidy did not perceive their memory capabilities
(Capacity) as being poorer than those reportedhéyounger adults. Previous studies have
found that older adults perceive their memory cdpigls to be lower compared to younger
adults (Dixon & Hultsch, 1983; Hultsch et al., 198Vhere are a number of possible
explanations for this discrepancy. The divergestilts in this study indicate that whilst the
older adults perceived that their memory will chawoger time, at the time of the assessment
they rated their current abilities similarly to yaer adults, suggesting a separation of beliefs
relating to the present and the future in the ofeticipants. The current younger and older
adult samples were smaller than those previouglgrted, hence, the study may have been
underpowered to detect any age differences in pgores of memory capabilities. However,
previous studies did not account for confoundingaldes. The current study found that
anxiety and depression covaried with the MIA Cafyasiibscale, indicating that affect
influenced perception of capabilities. Divergerguiés may, therefore, be due to previous
studies not controlling for levels of affect. Inditibn, Stevens, Kaplan, Ponds, Diederiks and
Jolles (1999) found that self-reported high lewdlsocial and physical activity predicted the

perception of better memory capabilities (Capacityiis provides support for the importance
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of accounting for the possible confounding effeftsore than just psychological factors on

metamemory beliefs.

There were no age differences in any of the awasemeasures specifically focusing on
current functioning and abilities (Capacity, DEXdaMARS), suggesting that awareness of
abilities does not alter as a function of healthgiag. As little is known about deficits in
awareness in healthy ageing, the present studycalgabutes to this body of knowledge.

This finding was not due to the groups failing épart any difficulties on any measure as both
groups reported some problems with cognitive anoétiavioural functioning; suggesting that
both younger and older adults were aware of linatet in their abilities. Furthermore, no
positive discrepancies, presumed to reflect impaawareness, were found between the older
adults’ reports and the assessments provided loyitfigrmants. In fact, the converse was
found on the DEX questionnaire, in that the infontsareported that the older adults presented
with fewer problems with cognition and behaviowarttthe older adults perceived in
themselves. This finding is not easily explaineukidlly it was thought that socially desirable
responding by the informants influenced their aasents; perhaps also a degree of denial
that there might be any problem with their relatidewever, social desirability was assessed
within this group and these scores were not intieatf socially desirable response bias. It
would be of interest to assess the prevalence drgyosia in normal ageing, particularly as
studies have found that older adults underestimisd performance (Abson & Rabbitt,

1991; Ansell & Bucks, 2006). However, given thataa@ness in the current study was
measured by self-report questionnaires, futureissustould benefit from determining the
accuracy of these perceptions by measuring predietnd postdiction of objective task
performance. It would be of particular importangénvolve informants in such predictions so
as to be able to determine the degree to whictdafigits in prediction accuracy might be a
general function of poor judgement rather thanexsic age-related deficit in self-awareness
(Trosset & Kaszniak, 1996).

Hertzog and Hultsch (2000) suggested that metamebwdiefs in older adults may be related

to “subjective well-being” (p. 459). Awareness,rdexed by metamemory perceptions, may

contain an emotional component, and the presedy $tas provided evidence for this
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proposition. Firstly, depression in the older aslaltcounted for the age-related difference in
perceived control over memory functioning. Previetiglies using the MIA have rarely
investigated the possible influence of affect oletie (however, see McDougall, 1995);
therefore the current study extends knowledge dagguthe variables that may contribute to
metamemory perceptions in ageing. The study alfswso$upport for Rabbitt and Abson
(1990; 1991) who found that depression was reltatgxkrceptions of cognitive problems in
older adults. Secondly, anxiety, as measured byitieS, was related to increased levels of
anxiety and stress about memory, the perceptionooé decline over time, and reduced
memory capacities. Clare (2004a), based on an sifiaueview of anosognosia in AD,
suggested that impairments in awareness may sgmaexctive function for self-esteem, in
that patients may deny the existence or extentaiflems to avoid having to accept and/or
acknowledge decline. The present study found simaléngs of self-esteem between the
groups, and that self-esteem was not related tomtresures of awareness. However, the study
was not designed to assess the protective effesglbésteem, and an exploration of the
relationship between self-esteem and awarenesstiscted within the current study as ageing
was not found to be associated with deficits inrawass of functioning, as measured by

participant-informant discrepancy scores.

6.4.1. Summary.

The current study investigated Self-Awareness &gtisl., 2001), a type of awareness
dependent on the ability to monitor the self andgspeal abilities. These data suggest that
ageing is not associated with significant impairteen awareness of functioning and level of
ability, despite the older adults’ perception ofld®e in memory function over time, which
may be related more to societal expectation thaedan significant levels of actual decline.
Perhaps as may have been expected, the studysimashalwn that expressions of awareness
have an emotional component. More generally, tfiedengs contribute to the documentation

of awareness in healthy normal ageing.
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Chapter 7. A Multidimensional Assessment of theréhiehies of Processing Model (Stuss et
al., 2001)

This chapter builds on the studies reported in @rapl to 6 by exploring the relationships
between the different methods and measures usesbéss awareness. As detailed in Chapter
2, it takes as its conceptual framework the Hidnigs of Processing (HoP) model developed
by Stuss et al. (2001). Each level of the modetaios a number of modules, the integrated
functioning of which underlies the processes inedlin the different types of awareness.
Specifically, Stuss and colleagues (2001) arguat ththe processes within each level can
function independently of other levels (intra-coctingty); ii) the ability of the modules to
transmit and receive input to and from higher awvaer levels, provides the connectivity
between the different levels (inter-connectivifiiis description poses a challenge for the
empirical assessment of the model, as it providesxalanation for evidence of relationships,
but also for any null findings. A fundamental asgtion of the present study is that higher
levels of awareness are dependent, to a degrekedunctioning of lower levels; a view that
is compatible with Stuss and colleagues’ model 200he aim of this chapter is to consider
this relationship by investigating associationsiasin the measures of the different levels
presented in previous chapters. By doing so ibfell to address the proposed inter-

connectivity in the model.

There is some precedence in the literature foragip inter-connectivity between levels of
awareness. An earlier study that utilised a muitighsional approach to assess awareness in
adults with traumatic brain injury reported sigo#int impairments in different types of
awareness compared to controls (O’Keefe et al, D07 interest to the current study are the
correlational analyses conducted to explore suetioaships. O’Keefe et al. (2007) found

that metacognitive knowledge about personal aéslitvas not related either to emergent or to
anticipatory awareness. However, there was a higjghyificant relationship between
emergent and anticipatory awareness (72), indicating that better monitoring of errors

during a sustained attention task was associatédmore accurate prediction of performance.

! This study is introduced, alongside that of Togl Kirk (2000), in Chapter 1, page 34.
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Each of the studies presented thus far in thisgl{€hapters 4, 5 and 6) has investigated
different types of awareness in ageing. Tests wsee that were operationalised to be related
to the different levels of awareness in Stuss afiéagues’ model. Although evidence was
found of subtle differences between age groupsl€Tali), results were interpreted to suggest
intra-connectivity (within-level functioning) in é@HoP model was generally similar in
healthy younger and older adults. Importantly, ttoes not preclude statistical exploration of
the inter-connectivity between Levels 2-4 of thePHuoodel within the two age-groups. Given
that the participants were awake and interactirrgabfly during testing, it was assumed that
Level 1 — Arousal (a dimension from coma to walkstage) was functional such that
relationships with Level 1 were not explored. Siyngtiated, it was of additional interest to
consider the possibility that the inter-connecyiaetween HoP levels differs between
younger and older adults.

7.1. Introduction.

The previous three chapters investigated LeveloPtde HoP model (Stuss et al., 2001). The
excellent temporal resolution, and sensitivity xperimental manipulations, of event-related
potentials (ERPSs) provided on-line measuremeni®titming of cognitive processes.
Although the spatial resolution of ERPs is pooe tluthe volume conductance properties of
the brain, intra-cranial recording of electricaliaity using depth electrodes (e.g. Halgren et
al., 1995), and dipole localisation (e.g. Senkoveslal., 2003; van Veen & Carter, 2002)
studies have identified neural generators of thepmnments measured at the surface of the
scalp. Stuss and colleagues (2001) specified theheandidature, and the cognitive
processes involved in different types of awarengss.experimental ERP paradigms utilised
to operationalise Levels 2 and 3 of the model, weresidered to provide behavioural data
corresponding to the processes within each lenel raview of the literature indicated that the
selected ERP components were associated with rgemalators located in regions specified

by the model for these levels.
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Sensorimotor Awareness, at Level 2, relies on sgnmocessing within posterior regions
(association cortices) of the brain, and was opmralised by the N1 (Chapter 4). More
specifically, the N1 has been linked to initiateational capture of stimuli, and its neural
generator has been located in the superior temptanaé (Halgren et al., 1995). The P3
component has been associated with the allocafiattemtion to the updating of pre-existing
mental representations (Polich, 1996) and is gésetay more widespread activity in the
temporal lobes and prefrontal cortex (Halgren gt1#195; Halgren et al., 1998). The novelty
auditory oddball paradigm provided measurementiefiegree and timing of attentional
processing of sensory (auditory) information, inlthg target recognition and novelty

processing.

Consistent Consciousness, at Level 3, involvesliiléy to organise sensory information
underlying behaviour and executive functioning, aras$ operationalised by assessing
performance monitoring (Chapter 5). The ERP caoteslaf performance monitoring were the
N2, ERN, CRN and Pe components, the neural gemsratovhich are located within the
frontal lobes: anterior cingulate cortex (van V&@arter, 2002), pre-supplementary motor
area (Ullsperger & von Cramon, 2006), lateral mefal cortex (Gehring & Knight, 2000;
Ullsperger & von Cramon, 2006), and white mattacts connecting these regions (Hogan et
al, 2006). Stimulus processing in the context afggenance monitoring was also investigated
using the P3b, generated by the ventrolateral qunédt cortex, superior temporal sulcus and
the hippocampus (Halgren et al., 1995; Halgren.e1898); due to the presence of ‘Stroop-
like’ conflicting information in the 4-CRT paradigrthis P3 component represents more
complex cognitive activity than that reflected lre thovelty auditory oddball P3 component.
In addition, the performance monitoring paradigmvimted behavioural measures of reaction
time, correct and error performance, and the reahedtions of error correction and post-error

slowing.

The highest level of the model, Self-Awareness,dldy arises from the monitoring of the self
and personal abilities (Chapter 6). This was asskgsing self-report measures of awareness
of cognitive and behavioural functioning, and metamry perceptions. Chapter 6 also

examined the influence of affect on metamemoryeggarons. Interestingly, the HoP model
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Table 7.1. Measures of awareness with age-relatiedehces.

Level Description Chapter and Operationalised by Age group
task differences
Arousal Presumed functional as all individualskev
2 Sensorimotor Chapter 4: N1 Standard N
Awareness Novelty Target Y (Fz/Cz)
Auditory Novel N
Oddball P3 Standard Y (Fz/Cz/Pz)
Target Y (Fz/Pz)
Novel N
3 Consistent Chapter 5: P3b  Compatible Y
Consciousness 4-CRT Incompatible Y
ERN Compatible N
Incompatible Y
Pe Compatible Y
Incompatible N
4 Self-Awareness Chapter 6: MIA  Achievement subscale N
Self-Report Anxiety subscale N
Questionnaires Capacity subscale N
Change subscale Y
Locus subscale Y
Strategy subscale Y
Internal Strategy N
External Strategy Y
Task subscale N
DEX N
MARS N

Note.Y = Yes; N = No; Fz/Cz/Pz = location of observeg-group differences in amplitude; 4-CRT = fourichaeaction time task; MIA =
Metamemory In Adulthood, Dixon, Hultsch & Hertzdd)88; Achievement = perceived importance of hagmggod memory and
performing well on memory tasks; Anxiety = feelimgfsstress/anxiety related to memory performanegéaCity = perception of memory
capacities as evidenced by predictive report diopgance on given tasks; Change = perception of emgmbilities as generally stable or
subject to long-term decline; Locus = perceivedimdover remembering abilities; Strategy = knovgednd use of information about one’s
remembering abilities such that performance inginstances is potentially improved; Internal Stggt= use of mnemonic strategies;
External Strategy = use of external memory aidskFaknowledge of basic memory processes; D¥stionnaire from the Behavioural
Assessment of the Dysexecutive Syndrome battenD@ANilson, Alderman, Burgess, Emslie & Evans, 1986ARS = Memory

Awareness Rating Scale (Clare, Wilson, Carter, RoHodges, 2002).

217



proposed that Self-Awareness is supported by tiee-connectivity between the frontal lobes
and limbic system. The limbic system is the termdu® describe a number of structures lying
at the border of the cerebral cortex and hypothatammcluding the cingulate,
parahippocampal gyri, hippocampal formation, amjaglaand anterior thalamic nucleus
(Snell 2006), and although tracts arising fromdimgulate cortex predominantly connect with
the hippocampus (Snell 2006), the amygdala is@soected with these structures, and plays
an important role in emotion processing (Gallagh&hiba, 1996). In summary, connectivity
between the frontal cortex and limbic system igpsed to facilitate interaction between
cognitive and emotional aspects of Self-Awarendssshown in Table 7.1, there were
differential age-related effects on the measuresn@reness at each level.

7.1.1. Aims of the Study.

The aim of this study was to investigate if thdeafiént types of awareness (HoP levels) were
similarly correlated with each other in younger atder age groups. Significant correlations
between measures associated with the differenislevauld provide support for the
proposition that each level is inter-connected.iffecent pattern of correlation in younger and
older adults would suggest functional differendetha level of interconnectivity of awareness

in normal ageing.

These aims were addressed using correlation asalysaddition, given that affect was found
to influence metamemory perceptions, but was Hated to any of the ERP components (see
Chapters 4 and 5), separate partial correlatiam#ralling for anxiety and depression, were
conducted (Level 3 — Consistent Consciousness andl 4 — Self-Awareness). The following
hypotheses were explored.

1. Operationalisations of Sensorimotor Awareness@onsistent Consciousness (Levels 2

and 3) would be related to each other within egghgaoup.
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2. Operationalisations of Consistent ConsciousardsSelf-Awareness (Levels 3 and 4)

would be related to each other within each agemrou

3. The pattern of correlations investigated inftret two hypotheses would differ between

younger and older age groups.

7.2. Method.

7.2.1. Participants.

Data obtained from 30 older adults (OM:age 69.4 years, SD 6.7) and 21 younger adults
(YA: M age 22.1 years, SD 4.1) were included in this eapboy study. Four participants
were excluded (OAn = 1; YA: n = 3) due to the fact that they did not completénbot
experimental sessions. Data were also excluded pamicipants who did not complete
sufficient trials to enable the averaging of ERhponents and /or due to lack of access to
audiometry equipment (OAt= 12; YA: n = 4). Numbers and descriptive details of
participants included for each of the main analgsesgiven in Table 7.2. All groups, for any
given pair of HoP levels, had equivalent cognifwectioning (MMSE, MoCA and Raven
SPM, allp>.1).

Table 7.2. Demographic data for the younger andradults for each pair of levels.

Correlation Younger participants Older participants

n: M:F Age: M(SD) n: M:F Age: M(SD)
Level 2 with Level 3 2:11 20.3 (3.6) 1:11 67.8 (6.2
Level 3 with Level 4 2:14 21.3 (3.9) 6:14 69.0 (6.3

Note.M:F = number of males and females
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7.2.2. Variables Included in Analyses.

1) Novelty Auditory Oddball Paradigm (describeddhapter 4).

i) N1 amplitude from standard stimuli at Fz/Cz/Pz
i) N1 amplitude from target stimuli at Fz/Cz/Pz

iii) N1 amplitude from novel stimuli at Fz/Cz/Pz

iv) P3 amplitude from standard stimuli at Fz/Cz/Pz
v) P3 amplitude from target stimuli at Fz/Cz/Pz

vi) P3 amplitude from novel stimuli at Fz/Cz/Pz

2) 4-Choice Response ERP Task (Hogan et al., 20@Syribed in Chapter 5).

i) N2 amplitude (compatible and incompatible corait)

i) P3b amplitude (compatible and incompatible dtinds)
iii) N4 amplitude (compatible and incompatible cdiwhs)
iv) SW amplitude (compatible and incompatible coiodis)
v) CRN amplitude (compatible and incompatible ctinds)
vi) ERN amplitude (compatible and incompatible ctinds)

vii) Pe amplitude (compatible and incompatible atods)

3) Metamemory In Adulthood (MIA; Dixon, Hultsch &éttzog, 1988) (described in Chapters
3 and 6).

i) Achievement (perception of a good memory andhijsortance)

i) Anxiety (anxiety over memory performance

iii) Capacity (perception of memory capabilities)

iv) Change (belief regarding memory abilities otiere)

V) Locus (perception of control over memory)

vi) Strategy (use of strategies for memory perfarogd; divided into External and Internal

(external memory aids and internal mnemonic) Sgiate

220



vii) Task (knowledge of memory processes)

4) DEX questionnaire from the Behavioural AssessmenteDifisexecutive Syndrome
battery (BADS; Wilson, Alderman, Burgess, Emsli&§ans, 1996) (described in Chapter 3
and 6).

5) Memory Awareness Rating Scale (MARS; Clare, Wi|sCarter, Roth & Hodges, 2002)
(described in Chapter 3 and 6).

6) Hospital Anxiety and Depression Scale (HADS;dand & Snaith, 1983) (described in
Chapter 3).

i) anxiety subscale

i) depression subscale.

7.2.3. Statistical Analyses.

The distribution of each measure did not signiftbadiffer from normality (Shapiro Wilk
tests, alp > 1). Each outlying value was identified using plats and was excluded on a
participant by participant basis. Pearson produatrent correlations were used to test for
relationships between variables in each level coispe. Bonferroni adjusted alpha levels
were not calculated for multiple comparisons duthtoexploratory nature of this study (see
Perneger, 1998; Rothman, 199®nxiety and depression were controlled for in tiesel 3
and 4 correlations, as these measures covariechvetamemory perceptions (see Section
6.3.2.1, Chapter 6). As affect was not found todbated to any of the ERP components

representing either Sensorimotor Awareness (Leyvet Zonsistent Consciousness (Level 3),

2 One of the caveats of this study is the risk okimgtype 1 errors due to the size of the corretatables.
However, this likelihood is reduced by the repartof results based on the strength of the cormatfollowing
the suggestions of Tabachnick and Fidell (2001).

% However, the alpha value would pe .0025 when Bonferroni corrected for multiple camipons and,
therefore, all of the results reported in this deagvould have been non-significant.
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these partial correlations were not conducteddsting of the first hypothesis. Due to the
small sample sizes, there were few significantedations, therefore only correlations
accounting for 20% or more (-.45 > +.45) of the shared variance are reported as
noteworthy relationships. The G* Power 3 calculafgmogram (Faul et al., 2007) revealed
that each group needed to consist of 36 particg@nfind relationships of this magnitude
with an alpha level of .05, power .80. In ordenssess whether the pattern of correlations
differed significantly between groups, the corrielas for each group were compared using
Fisher’s Z test (Howell, 2002).

7.3. Results.

7.3.1. Comparison between Level 2 - Sensorimotoarwess and Level 3 - Consistent

Consciousness.

The correlations between the measures of awarepesationalising Levels 2 and 3 are
presented in Tables 6.3 and 6.4, for older and geuadults, respectively. As indicated, there
were significant and moderate to strong relatigpshietween the measures at each level in
both groups. In the older adults, higher N1 amggtuto target (at Cz) and novel (at Fz)
stimuli were related to increased N2 amplitudelsath conditions, suggesting a link between
initial attentional capture and conflict monitoringcreased P3 amplitudes at parietal regions
for target and novel stimuli were also relatedighbr P3b amplitudes in both conditions of
the 4-CRT in the older adults, indicating that #flecation of attention to processing stimuli

in both paradigms was similar.

There were fewer relationships between the measitiesch level in the younger adults.
However, consistent with the older adults, incrdasavelty P3 amplitude was related to P3b
amplitudes in both conditions, indicating that geeattentional processing of unexpected
novel stimuli was associated with increased ateali processing of stimuli in the 4-CRT. In
addition, higher target P3 amplitudes at parietglons were related to increased P3b

amplitudes in the incompatible condition in the yger adults. This association suggests that
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younger adults allocate a similar amount of ateento stimuli requiring a response in a
simple sensory processing paradigm and to stimitti greater stimulus-response
incompatibility in the 4-CRT.

Contrary to the prediction that there would be grdifferences in the pattern of correlations
between groups in each level comparison, there m@gegnificant differences between
groups in the magnitude of any of the correlatidisese results indicate that, despite the
correlations suggesting a different pattern oftreteships between measures of awareness in
each group, the groups were not significantly défe in the magnitude of any of the
associations.

7.3.2. Comparison between Level 3 - Consistent €oasness and Level 4 — Self-Awareness.

As indicated in Tables 6.5 and 6.6, older and yeurglults, respectively, measures of
awareness at Level 3 were related to measuresvat £én both groups. In the older adults,
better conflict monitoring of incompatible stimudis indexed by higher N2 amplitude, was
related to increased perceptions of memory capiaisilfCapacity). Error detection in the
compatible condition of the 4-CRT was also reldtederceptions of control over memory
functioning (Locus). In addition, better error pessing in the compatible condition, as
indexed by Pe amplitude, was associated with gtyaise (Strategy), and mnemonic internal
strategies (Internal Strategy). Relationships betwemedial actions after errors and
measures of Self-Awareness were also found inlthex adults. Higher rate of error
correction in the incompatible condition was asated with greater knowledge of memory
processes (Task). Longer post-error slowing after® in the compatible condition was
linked with perceptions of greater memory capabsgi{Capacity), more control over memory
(Locus) and fewer problems in memory demandingsitas. Longer post-error slowing in
the incompatible condition was related to the petioa of greater stability in memory over
time (MIA Change). With regard to relationshipsiwéffect in the older adults, higher level of

depression, as measured by the HADS, was relatedreased feelings of stress and anxiety
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over memory functioning (Anxiety), the perceptidireduced memory capabilities

(Capacity), and a belief in greater decline in mgnuwver time (Change).

In the younger adults, increased conflict monitgiimthe incompatible condition, again
measured by N2 amplitude, was associated with peoces of more control over memory
(Locus), and fewer reports of cognitive and beharabproblems, as measured by the DEX.
In addition, the increased allocation of attentlgracessing of both compatible and
incompatible stimuli, as indexed by P3b amplitudess related to perceptions of better
memory capabilities (Capacity), more control ovemmory functioning (Locus), and fewer
reported problems in memory demanding situatioasn@asured by the MARS. The P3b
amplitude in the incompatible condition was alssoagated with the perception of greater
memory stability over time (Change). Similarly keetolder adults, better error detection in the
compatible condition was related to perceptiongrefter control over memory functioning
(Locus), greater internal strategy use (Internedt8gy), and knowledge of memory processes
(Task). Increased error detection in the incompatbndition was also related to strategy use
(Strategy), particularly internal mnemonic stragsgfinternal Strategy), and reduced feelings
of stress and anxiety over memory functioning (Aty). Better error processing, as indexed
by Pe amplitude, in the compatible condition wdateel to the use of external aids to support
memory performance (External Strategy). Relatiqgmsbetween remedial behaviours and
metamemory perceptions were also found in the yewuadults. Higher rate of error

correction in the compatible condition was assediatith perceptions of better memory
capabilities (Capacity). Whilst longer post-errtmvéing in the compatible condition was
linked to greater strategy use to support memangtfaning (Strategy), the use of internal
strategies (Internal Strategy), and more knowlexfgaemory processes (Task). As with the
older adults, relationships were found with affaetl measures of Self-Awareness. Increased
level of anxiety, as measured by the HADS, wagedlto greater feelings of anxiety and
stress over memory (Anxiety), reduced perceptidmeamory capabilities (Capacity), belief

in greater change in memory over time (Change),naok reported cognitive and behavioural
problems, as measured by the DEX. Higher levelepiression, also measured by the HADS,
was associated with more feelings of stress anenaver memory functioning (Anxiety),

and more reported cognitive and behavioural problem
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As with the previous level comparison, a differpattern of correlations between the
measures of awareness at each level was founchveitiah group. However, only a small
number of these associations differed in magniheteveen the age groups. In the younger
adults, perceptions of better current memory capaiiwere significantly related to lower
levels of anxiety, but this association was nonfibin the older adults, and tddest revealed
that this difference was significarg € .029). Better attentional processing of inconigati
stimuli was also related to perceptions of greatemory capabilities in the younger adults,
but not in the older adultp (015). Significant correlations between error déd® and post-
error slowing in the compatible condition and tlesK subscale were found in the younger
adults, but not in the older aduls£ .012 ang = .025, error detection and post-error
slowing, respectively). Thus, even though older ymahger adults reported similar levels of
knowledge of memory processes, older adults’ kndgéeof memory processes was not
influenced by their performance monitoring abiktia the compatible condition of the 4-
CRT.
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Table 7.3. Pearson product-moment correlationsdmtwthe measures of awareness for Level 2 — Sergtori Awareness (rows)

and Level 3 — Consistent Consciousness (colummn)lder adults.

Compatible Incompatible

N2 P3b N4 SW CRN ERN Pe N2 P3b N4 SW CRN ERN Pe

N1 Fz 35(12) .31(.10) .27 (.07) .16 (.03) -05(.00) .39(15) .27 (.07) 33(.11) .23(.05) .05 (.00) .06 (.00) .55(.30) .24 (.06) -.53 (.28)

Cz 28(08) .31(.10)  .38(.14) .29 (.08) .09(.01) .36(13) .18(.03) 26 (.07) .24(06) .22(.05) 16(.03) .58(.34) .28(.08) -42 (.18)

E Pz .06(.00) .18(.03)  .42(.18) .29 (.08) 23(.05) .22(.05) -.00(.00) 07(00) .13(.02) .32(.10) 13(02) .57(.32) .19(.04) -.21 (.04)
§ P3 Fz 37(14) .28(.08) .24(06) .53(.28) -06 (.00) .62(.38) -06(00) .50(.25) .35(12) .35(12) .69(48)* .35(12) .56(.31) -.64(41)*
Cz 58 (.34) .51(.26) .52(.27) .60 (.36) -12(.02) .30(.09) -15(02) .70(49)* .62(.38) .63(.40) .78(.61)* .07 (.00)  .28(.08) -35(.12)

Pz 34(12)  40(16) .49 (.24)  .45(.20) .03(.00) .10(01) -18(03) .47(22) .50(25) .55(.30) .61(.37) .14(.02) .19(.04) -12 (.02)

N1 Fz 37(14) 35(12) .38(14) .21(.04) -48(.23) -.00(.00) .57(.32) .43(18) .30(.09) .11(.01) .05(.00) -.08(.01) -.01(.00) .04 (.00)

Cz 49 (.24)  .55(.30) .61(.37) .61(.37) -29(.08) -09(01) .42(.18) .51 (26) 52(27) .40(.16)  .45(20) .10(.01) .07 (.00) -.02 (.00)

3 Pz A40(.16) .46(21) .58(.34) .68(46)* -12(02) .15(02) .27(.07) A43(.18) .45(20) .46(21) .54(.29) .28(.08) .21(.04) -17 (.03)
K P3 Fz -00(00) .01(00) -01(00) .13(.02) -05(.00) .62(.38) .05(00) .16(03) .01(.00) .09(.01) .10(.01) .10(.01) .54(.29) -13(.02)
Cz 67(45)* .71(50)* .63(40)* .64(41)* -36(13) .12(.02) .18(03) .76(58)* .70(49)* 57(32) .57(.32) -14(.02) .09 (.01) -.07 (.00)

Pz 62(.38) .75(56)* .56 (.31) .49 (.24) -23(05) .09(01) .27(07) .64(41)* 67(45* .36(13) .37(14) .11(01) .08(.01) -13(.02)

N1 Fz .74(55)* .41(17) .34(12) 42(18) -75(56)* -15(02) .39(15) .80(64)* .56(.31) .28(.08) .65(42)* -54(29) -10(.01)  -.06 (.00)

Cz 60(.36) .50(25) .55(.30) .64(41)* -43(18) -28(08) .08(01) .66(44)* .63(40) .60(.36) .75(56)* -50(.25) -.16(.03) .19 (.04)

T Pz 43(18)  .42(.18) .49 (.24)  .47(22) -18(.03) -36(13) -.23(.05) A7 (22) .54(29) .65(42)* 58(.34) -55(30) -.27(.07) 36 (.13)
S P3 Fz 17(03)  .03(00) -14(02) -.10(.01) .01(.00) .49 (.24) -.04(.00) 22(05) .10(.01) .03 (.00) 04(00) -14(02) .43(18)  -.31(.10)
Cz  .49(24) .36(13) .24 (.06) .05 (.00) -31(10) .09(01) .16(.03) _54(.29) .43(.18) .25 (06) 13(.02) -43(18) .07 (.00) .00 (.00)

Pz 39(15) .45(20) .36(.13)  -.12(.02) -17 (03) -25(.06) .14(.02) 42(18) .46(21) .25(06)  -11(01) -39(.15) -.18(.03) 34 (.12)

Note.OA (n = 10); shaded areas = measures with age-relatedatites in the actual test scorep;< .05; underlined values = -.45
>r > +.45,R? values in parentheses.
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Table 7.4. Pearson product-moment correlationsdmtwthe measures of awareness for Level 2 — Sengori Awareness (rows)

and Level 3 — Consistent Consciousness (colummg)oianger adults.

Compatible Incompatible

N2 P3b N4 SW CRN ERN Pe N2 P3b N4 SW CRN ERN Pe

N1 Fz  -39(15) .03(00) -.44(19) _-53(.28) .09 (.01) 25(06) -48(.23) -33(11) .01(00) -64(41)* -55(30) .17(.03) .12(.02) -50 (.25)

Cz -24(06) .10(01) -38(14) -53(.28) .15(.02) 19 (.04) -49(24) -22(.05) .03(00) -61(37)* -56(31)* .11(.01) .15(02) -.61(37)*

E Pz -10(.01) -07(00) -22(05) -46(.21) .06 (.00) 10(.01) -40(.16) -.16(.03) -.17(.03) -.48 (.23) -44 (19) -.07 (.00) .15 (.02) -.55 (.30)
g P3 Fz -13(02) .03(00) .09(.01) .18(03) .27(07) .60(36)* .12(.02) -10(01) .15(.02) .17 (.03) 25(.06) .28(.08) .20 (.04) 39 (.15)
Cz -04(00) .19(04) .08(01) .35(12) .36(.13) .51(.26) 21(.04) -06(.00) .34(.12) .26 (.07) 43(.18) .25(.06) .19 (.04) 36 (.13)
Pz 11(01)  .27(07) .02(00) .20(.04) .35(12) .29 (.08) 12(.02) -.02(.00) .38(.14) .17 (.03) 31(10) .15(.02) .17 (.03) .09 (.01)
N1 Fz  -43(18) -11(01) -15(02) -12(02) .25(06) .25(06) -37(14) -53(28) .04 (.00) -22(05)  -19(.04) .16(.03) -17(03) -.26 (.07)
Cz -30(09) .20(.04) -42(18) -34(12) .57(32)* .25(06) -51(.26) -43(18) .31(.10) -46 (21)  -36(13) .43(.18) .06 (.00)  -.49 (.24)

g Pz 05(00) -09(01) -13(02) -35(12) .22(05)  -02(00 -67(45)* -40(16) -09(01)  -.21(.04) -31(10) -13(.02) -.29 (08) -55 (.30)
S P3 Fz -35(12) .17(03) -02(00) .25(06) .28(.08) .31(10)  .44(19) -23(05) .17 (.03) .12 (.02) 33(11) .35(12) .33(11)  .47(22)
Cz  -44(19) 40(16) -44(19)  .11(.01) 43 (.18) 27(07) .13(02) -38(14) .47(22) -.21(.04) 29(.08) .32(.10) .23(.05) 21 (.04)
Pz  -27(07) .42(18) -34(12) -01(.00) .42(18) .13(.02) -16(.03) -41(17) .47(22) -13(02)  -.05(.00) .29(.08) -06(.00) -.09 (.01)

N1 Fz  -05(00) .38(14) -25(06) -10(01) .56(31)* .44(19) -45(20) -34(12) .41(17) -.20 (.04) .00(.00) -01(.00) -.04(00)  -37(.14)

Cz -39(15) .24(06) -36(13) -41(17) .32(.10) A44(19) -28(08) -31(.10) .16 (.03) -54(29)  -39(15) .28(.08) .32(.10) -.36 (.13)

T Pz  -32(10) .38(14) -52(.27) -51(26) .45(20) .33(11) -38(.14) -38(14) .28(.08) -58(.34)* -34(12) .23(.05) .28(.08) -37 (.14)
S P Rz 12(02) .60(36)* -41(17) -17(03) .70(49)* .34(12) -15(.02) .04 (.00) .49 (.24) -39 (.15) .03(.00) .17(.03) .49(24) -.38(.14)
Cz  -05(00) .49(.24) -45(20) .03(.00) .57(32)* .22(.05) -15(02) -13(.02) .54(.29) -35(.12) 26 (.07) .04 (.00) .22(.05) -.16 (.03)

Pz .04 (00) .53(28) -38(14) .13(02) _.50(.25) .04(00) -09(.01) -01(.00) .64(41)*  -.14(.02) 23(.05) .14(.02) .01 (.00) -.09 (.01)

Note YA (n = 13); shaded areas = measures with age-reldfedetices in the actual test scoreg;< .05; underlined values = -.45
>r > +.45,R? values in parentheses.
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Table 7.5. Pearson product-moment correlationsdmtvthe measures of awareness for Level 3 — CensiSbnsciousness (rows)

and Level 4 — Self-Awareness (columns), and betvedferct (rows) and Level 4 — Self-Awareness measfoeolder adults.

Metamemory In Adulthood Subscales

Achievement Anxiety Capacity Change Locus Stypteg  Internal External Task DEX MARS
N2 -.03 (.00) .17 (.03) -41(.17)  -.19(.04) -31(.10) 42 (.18) 42 (.18) .32 (.10) -41 (.17) -.06 (.00) -.05 (.00)
P3b -.31(.10) -20(.04)  -20(..04) 37 (.14) .04 (.00) -.05 (.00) -13(.02) .10 (.01) -04 (00)  -.28(.08) .17 (.03)
2 N4 -.07 (.00) 22(05)  -53(28)*  -.09(.01) -.07 (.00) .02 (.00) -.09 (.01) .19 (.04) -12(02)  -02(00)  -.26(.07)
g sw -42(.18) -.11 (.01) -27(07) .32(.10) -.02 (.00) .00 (.00) -08(01) .14 (.02 -12(.02) -34 (.12) -.10 (.01)
§ CRN .05 (.00) .19 (.04) -10 (.01) -.19 (.04) .24 (.06) -.06 (.00) -20(.04)  .21(.04) 11 (.01) -.06 (.00) .23 (.05)
ERN .02 (.00) -.24 (.06) 14(.02) .24 (.06) 50(.00)*  -.23(.05) -23(05)  -.17(.03) -.30 (.09) 37 (.14) -.05 (.00)
Pe -18 (.03) .05 (.00) .06 (.00) -12(.02) -.21(.04) A7 (.22) .45 (.20) 38 (.14) -31(10) -.08(01)  -.06(.00)
Error Correction -10 (.01) -.04 (.00) -.46 (.21) .04 (.00) -.47 (.22) .18 (.03) .20 (.04) .10 (.01) 17(03)  54(29)*  -.48(.23)
Post-error slowing .19 (.04) -21(.04)  .60(.36)* .16 (.03) A7(22)  -52(27)* -53(28)*  -37(.14) -30(.09)  -.22(.05) 46 (.21)
N2 .01 (.00) 22(05) -49(00)*  -.22(.05) -.31(.10) 45 (.20) 46 (.21) .32 (.10) -.36 (.13) .06 (.00) -.19 (.04)
P3b -.36 (.13) -.09 (.01) -40 (.16) .29 (.08) -.07 (.00) .07 (.00) .02 (.00) 15 (.02) -12(02)  -22(.05) .00 (.00)
é N4 -.14 (.02) .19 (.04) -.55 (.00) * -.03 (.00) -.01 (.00) .02 (.00) -.07 (.00) .15 (.02) .00 (.00) -.03 (.00) -.22 (.05)
g SwW -A7 (.22) -.16 (.03) -30(.09)  .38(.14) -.05 (.00) .09 (.01) .04 (.00) .16 (.03) -.07 (.00) -.26 (.07) -.07 (.00)
§ CRN -.28 (.08) .22 (.05) -11(.01) -.18 (.03) -.07 (.00) .03 (.00) -11(.01) .25 (.06) -A47 (22)  -.23(.05) .17 (.03)
= ERN -.09 (.01) -.26 (.07) .02 (.00) .16 (.03) .22 (.05) .02 (.00) -.04 (.00) 12 (.02) -32(10)  -31(10)  -.04(.00)
Pe .24 (.06) .31 (.10) -05(.00) -21(04)  -.08(.01) -.18 (.03) -21(.04)  -.09(.01) 32 (.10) 21 (.04) -.24 (.06)
Error Correction -.07 (.00) .24 (.06) -22 (.05 -15(.02) -57(.32) * .24 (.06) .14 (.02) .33 (.11) _46 (.21) 43 (.18) -.26 (.07)
Post-error slowing -.72(.52) -.21(.04) -.15(.02) .53 (.28) * .13 (.02) -.20 (.04) -.25 (.06) -.08 (.01) -35(.12) -11(.01) .03 (.00)
HADS Anxiety -12(02)  62(38)*  -.28(.08) -23(.05)  -.10(.01) .03 (.00) -04(00)  .15(.02) 08(01) .66(44)*  -.03(.00)
HADS Depression  -.09 (.01) 51(26)* -53(28)* -62(38)* -.36(.13) -13(.02) .05 (.00) -36 (.13)  -.01(.00) 40 (.16) -.19 (.04)

Note.OA controlling for Anxiety and Depression € 15); correlations with HADS Anxiety and Depress©A (n = 19); shaded
areas = measures with age-related differenceduralaest scores; pj < .05; underlined values = -.45 > +.45, values in

parentheses.

228



Table 7.6. Pearson product-moment correlationsdmtvihe measures of awareness for Level 3 — CensiSbnsciousness (rows)

and Level 4 — Self-Awareness (columns), and betvedferct (rows) and Level 4 — Self-Awareness measfaeyounger adults.

Metamemory In Adulthood Subscales

Achievement Anxiety Capacity Change Locus Stypteg  Internal External Task DEX MARS

N2 -.06 (.00) -.40 (.16) -10(.01) -.38(.14) -39 (.15) -.07 (.00) .11 (.01) -.17 (.03) -.48 (.23) 48 (.23) .28 (.08)

P3b -.09 (.01) -.19 (.04) 55 (.30) -.22 (.05) -.49 (.24) .07 (.00) .17 (.03) -.05 (.00) -.02 (.00) 19 (.04)  .62(38)*

2 N4 -.29 (.08) -.01 (.00) -.05 (.00) -.40 (.16) -11(.01) -.29 (.08) -A47 (.22) .03 (.00) -.59 (.35) .03 (.00) -.10(.01)
g SW -.01 (.00) .31 (.10) -05(.00) -70(49)* -.21(.04) -.21 (.04) -25(.06)  -.05(.00) -.15 (.02) -.11 (.01) -.04 (.00)
8 CRN .16 (.03) -16(03) _.59(.35) -.16 (.03) -10 (.01) -.21 (.04) .06 (.00)  -.30(.09) .29 (.08) -05(.00) _ .58 (.34)

ERN 42 (.18) -.18 (.03) 20(.04) .28(.08) 51 (.26) .21 (.04) _48(.23)  -13(02) .74(55)* -12(.02) 35 (.12)

Pe -40 (.16) -.02 (.00) -.31(.10) -18(03)  -48(.23) .31 (.10) -.18 (.03) 50 (.25) -12 (.02) .26 (.07) -.30 (.09)

Error Correction -47 (.22) .02 (.00) A7 (.22) .23 (.05) .11 (.01) -.14 (.02) -.44 (.19) .18 (.03) .08 (.01) -.21(.04) .19 (.04)

Post-error slowing .05 (.00) -.20 (.04) 14 (.02) .40 (.16) .22 (.05) 58 (.34) 52 (.27) 27(07)  .67(45)* .09 (.01) .32 (.10)

N2 -07(00)  -61(37)*  -.29(.08) -22(05) -67(45)* .48 (.23) 45 (.20) 21 (.04) -42(18)  .79(62)* .14 (.02)

P3b .14 (.02) -04(.00) .66 (44)*  -46(21)  -46(.21) -.18 (.03) .10 (.01) -.29 (.08) .02 (.00) 05(.00)  .61(37)*

é’ N4 -31(.10) .16 (.03) 05(00)  -64(41)*  -.24(.06) -.25 (.06) -.46 (.21) .07 (.00) -42(18)  -.05(.00) .03 (.00)
g Sw .05 (.00) 43 (.18) -03(.00) -73(53)* -.14(.02) -27 (.07) -20(.04)  -.16(.03) .01 (.00) -.22 (.05) .06 (.00)

S CRN -.04 (.00) -.50 (.25) 32 (.10) .48 (.23) -.24 (.06) 50 (.25) 35 (.12) 31 (.10) .28 (.08) .25 (.06) .24 (.06)

~  ERN .01 (.00) -.50 (.25) -.25 (.06) 42 (.18) -13(.02) 55 (.30) 49 (.24) 27 (.07) 32 (.10) 40 (.16) .09 (.01)
Pe -15 (.02) .19 (.04) -38(.14) .01 (.00) .05 (.00) .22 (.05) -13(02)  .36(.13) .30 (.09) .03 (.00) -.44 (.19)
Error Correction -44 (.19) .11 (.01) 27 (.07) .27 (.07) .25 (.06) -.19 (.04) -.49 (.24) .16 (.03) .22 (.05) -.20 (.04) -.01 (.00)
Post-error slowing -.17 (.03) .15 (.02) -11 (.01 .41 (.17) .10 (.01) .09 (.01) -.19 (.04) .25 (.06) -.08 (.01) .03 (.00) -.50 (.25)

HADS Anxiety -10(01)  52(27)*  -82(67)* -75(56)*  -.04(.00) 31 (.10) .24 (.06) .24 (.06) -10(01)  _.49(24) -.40(.16)

HADS Depression  -.04 (.00) 62(.38)*  -.17(.03) -47(.22)  -.16(.03) 31 (.10) 36 (.13) -09(01)  -16(03) .70(49)*  -.26 (.07)

Note.YA controlling for Anxiety and Depression € 9); correlations with HADS Anxiety and DepressiOA (n = 15); shaded

areas = measures with age-related differencedualaest scores; py < .05; underlined values = -.45 > +.45 R values in

parentheses.
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7.4. Discussion.

The aim of this study was to explore whether tlvaeee relationships between the measures of
awareness operationalising the different levelhhefHoP model (Stuss et al., 2001), and to
investigate if the pattern of correlations diffel@etween younger and older participants. The
study found evidence of relationships between measat each level comparison within each
group, in support of the inter-connectivity propb$y Stuss and colleagues. Despite different
patterns of correlations within each group in el@slel comparison, there were few
differences between the groups, which indicatetttteamagnitude of the associations
between measures of awareness related in one droupot another, were similar. The
implication of these findings were that there wiene age-related differences in the inter-
connectivity of the levels of awareness, and wilieeee were age differences, this was
because associations were significant in youngeitsdot older adults. The relationship

between Levels 2 and 3 of the HoOP model are coresidéest.

Significant associations were found between measatreevel 2 — Sensorimotor Awareness
and Level 3 — Consistent Consciousness in bothpgrotarget P3 amplitude elicited in the
novelty auditory oddball was related to P3b amgksiin both conditions of the 4-CRT, and
between the initial attentional capture of novehsti and conflict monitoring, as indexed by
the N2, in the older adults. In the younger adusigificant relationships were found between
novelty P3 amplitude and P3b amplitude in both @wts. Similar to the younger adults,
moderate correlations, albeit not significant, wierend in the older adults between novelty
P3 amplitude and P3b amplitudes in both conditidhgse findings suggest that the
processing of sensory information underlying Le¥ehay also be relevant to the organising
of sensory information underlying behaviour at LUe8/etherefore, the processing involved in
these levels may overlap to some degree. Althoigbet P3 relationships have indicated that
attentional processing is similar in a simple sengparadigm and a more complex executive
task, the associations do not inform on the intemrectivity of the HoP model. More
specifically, in the current study, the target R8 &3b are similar components, in terms of
function, time frame for peak detection, and negeaderators. One of the inherent challenges

in comparing stimulus-locked components assocmaitddattentional processing in two
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separate paradigms is the overlap in the cognatiseesses. However, one of the issues with
the definitions of the different types of awareniesthe HoP model is the distinction between
sensory processing at Level 2 and the organisafisensory information at Level 3, which
have been operationalised using the P3 componé&hbugh, this is a limitation to the
investigation of the inter-connectivity of the Hatddel, it is important to acknowledge that
this issue of component overlap is not relevathetesting of the individual levels of
awareness. Assessing attentional processing isifoedtal to an investigation of performance
monitoring, and particularly as the definition ofiisistent Consciousness states that this type

of awareness involves the organisation of sensdoymation.

Significant associations were also found in eaclugthetween measures at Level 3 —
Consistent Consciousness and Level 4 — Self-Awaeerigetter error detection in the
compatible condition was significantly associatethuncreased perceptions of control over
memory functioning in the older adults. There was® significant relationships between
longer post-error slowing in the compatible cormtitand the perception of greater memory
capabilities, and greater post-error slowing initte@mpatible condition and the belief of
greater stability in memory functioning over tinModerate associations were found between
longer post-error slowing in the compatible cormfitand with perceptions of more control
over memory and fewer reported problems with mende@manding situations. Taken
together, these findings suggest that older adséi‘reported awareness of memory
functioning and abilities were related to the degréthe detection of mistakes in a rapidly
presented four choice reaction time task, as veetha degree to which they slowed down
after making such errors. These findings are ctargisvith the proposed inter-connectivity in
the HoP model.

In the younger adults, better error detection amgyér post-error slowing in the compatible
condition were linked to better knowledge of mempigcesses. Additionally, increased
allocation of attentional processing of stimulifibcompatible and incompatible) was
associated with fewer reported problems with mengdamanding situations. Attentional
processing of compatible stimuli in the youngerledwas also significantly related to the

perception of increased memory capabilities. Modeaad strong correlations, however, not
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significant, were again identified between the meas of awareness. Similarly to the older
adults, a strong positive correlation between etegection in the compatible condition and
perception of control over memory functioning wasrid. Despite some subtle differences
between the age groups, these findings also fitwuel the HoP model in that individuals
who reported fewer problems, and individuals wHbKeowledgeable about the functioning
of their memory were those better able to detexy ttad made errors, who adjusted their
speed post errors to compensate, and who were bbtéeto allocate attentional resources to

stimuli.

Whilst better error detection in the incompatibbadition was strongly related to strategy use
in the younger adults, the use of strategies angarticular, internal mnemonic strategies
were also strongly associated with longer postresieving. Moreover, error detection in both
conditions in the younger adults was moderatelgp@ated with the use of internal mnemonic
strategies to support memory functioning. Highéesaf error correction in the compatible
condition in the younger adults were moderatelgtesl to perceptions of increased memory
capabilities. In contrast, increased strategy usk ia particular, internal strategies were
moderately related to error processing in the cdilgacondition in older adults, whilst in the
younger adults, error processing in the compatiblaition was strongly associated with the
use of external memory aids. These associatiorgestithat better performance monitoring
abilities were linked with more positive beliefsoath memory abilities and the utilisation of

strategies to support memory functioning.

The relationship between affect and Self-Awaremess further investigated, and higher
levels of anxiety and depression, as measuredeb&DS, were significantly associated
with greater feelings of stress and anxiety ovemmg in both groups. Moreover, those who
reported more anxiety generally, whether olderamger, also reported a greater number of
cognitive and behavioural problems, as measuradddDEX. Additionally, in the older
adults, individuals reporting more depression galhealso reported reduced memory
capabilities and believed in greater change in nrgrfumctioning over time. By contrast, in
younger adults, greater general anxiety rather tlegmession was related to greater
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perceptions that memory capabilities were worsd,taat memory functioning had changed

more over time.

These findings are consistent with the discriminaidity analyses reported by Dixon et al.
(1988), who found that the MIA Anxiety subscale walated to state and trait anxiety,
however, the relationship with depression was mtrest to Dixon et al. (1988) who found
that depression did not correlate with the Anxmipscale. Dixon et al. (1988) employed a
different range of mood scales which may accounttfe different findings in this study.
Nevertheless, both groups’ scores on the HADS sdésavere in the normal range (0-7;
Zigmond & Snaith, 1983), which suggests that inseglaanxiety and depression, indicated by
even subtle differences within the normal rangi#@&mced metamemory perceptions. These
findings suggest that there is an emotional compbiweSelf-Awareness, providing further
support for previous studies linking metamemorydfgiwith affect (e.g. Abson & Rabbitt,
1990; 1991; McDougall, 1995; Verheagen et al., 2000

The inter-connectivity of the levels in the HoP rab(5tuss et al., 2001) described how the
processes underlying the different types of awa®euld interact, and the potential for
deficits at one level to be transmitted to the nexel. The current study also found some
evidence of relationships between measures atelifféevels that had age-related reductions.
Older adults had lower target P3 amplitudes (L@velSensorimotor Awareness, see Chapter
4), and lower P3b amplitudes in both conditionthef4-CRT (Level 3 — Consistent
Consciousness, see Chapter 5) compared to youdgks.alrhese measures were also
significantly associated, indicating that the olddults with lower target P3 amplitudes in the
Level 2 measures also had lower P3b amplituddseihével 3 measures. Significantly lower
Pe amplitude in the compatible condition (Level Gensistent Consciousness, see Chapter 5)
was found in the older adults, yet this group regmbmcreased use of strategies to support
memory functioning (Level 4 — Self-Awareness, sbéailer 6). Of note, is the relationship
between these measures; attenuated Pe amplitudess@sated with the use of fewer
strategies. These findings offer some supportiferproposition that impairments at one level
may be connected to deficits at a higher level. edav, support was also found for the

proposition that impairments at lower levels carcibeumvented by processes at higher
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levels, as there were no behavioural performanftereinces between younger and older
adults in the novelty auditory oddball or the 4-CRieasures indexing Level 2 and 3

performance.

It is possible, however, that relationships betweB® measures may be more related to a
global reduction in the power of ERP components tioaa relationship between levels of
awareness of functioning. In other words, the ia@hsthip between the P3 elicited by target
stimuli in the novelty auditory oddball (Level 2)éithe P3b elicited by the Level 3 4-CRT
measure in older adults may simply reflect gensedlioss of power, rather than a causal
relationship between these measures of awarenesgeudr, a generalised reduction in power
would be expected to involve all ERP componentdistl) and this was not the case: not all

ERP components were correlated in either group.

The current study has provided two sources of emiéén the assessment of the HoP model
(Stuss et al., 2001). The first is the within-legiatra-connectivity) age group differences
detailed in Chapters 4-6. The second is the cdivela analysis of inter-connectivity detailed
in the present study. As noted in the Introduct®tuss et al. (2001) described how the inter-
connectivity of the HoP model was supported byftimetioning of numerous modules within
each level. The current data are based on an ekitagn of this theory rather than a test of
Stuss et al.’s (2001) specific modules, the opanatisations of which have not been provided
by Stuss or his colleagues. However, based onrdsepce of correlations between measures
operationalising the HoP levels, it may be conatlthat the current findings are compatible
with the inter-connectivity view specified withihg model (Stuss et al., 2001). The presence
of null findings also suggests the possibility ttheg measures selected were not fully
representative of Stuss et al.” (2001) levels chr@ness, or that only some modules within a
level facilitate inter-connectivity with other mdés. Moreover, caution must be taken in
interpreting the correlations reported herein duthé small sample sizes. Clearly, replication

with larger samples is warranted.

However, despite the relatively small samples rigbrthis studies offers novel findings.

Only one previous study (O’Keefe et al., 2007) htgsed a multidimensional assessment of

234



different types of awareness in individuals wittutmatic brain injury. This study investigated
metacognitive awareness, associated with knowlatget the self, and on-line emergent and
anticipatory awareness; the awareness that a pnodtésts, and the understanding that the
impairment was causing a problem. O’Keefe et &l07) correlated composite scores
representing the different types of awareness andd that on-line emergent and anticipatory
awareness were highly related, and were operatssubby error monitoring on a sustained
attention task, and by discrepancy scores betwesshgbed and actual performance on two
subtests of the Wechsler memory scale. Howeverglhdonship between these types of
awareness may have been due to the measures tappidgfferent aspects of performance
monitoring; better error monitoring was associatétth more accurate assessment of abilities.
In support of the separation of metacognitive krealge and on-line awareness described by
Toglia and Kirk (2000, see Section 1.3.4.1.2, Caap}, O’'Keefe et al. (2007) found that
metacognitive knowledge, as measured by an awaémesview and discrepancy between
predicted neuropsychological test performance atubhperformance, and patient-proxy
discrepancies on three questionnaires regardingitumng, was not related either to emergent
or to anticipatory awareness. This suggests a agpabetween knowledge and awareness of
the self and on-line awareness of performance fdimeer relating to self-awareness and
knowledge about personal abilities and level otfioming, the latter referring to immediate
awareness of the environment and behaviour andiexge of activity. Evidence for self-
awareness can be found in the self-report of fonatg in this thesis and from
prediction/performance discrepancies in O’Keefal e€2007), whilst error monitoring is an

example of on-line awareness of performance (sept€h5 and O’Keefe et al., 2007).

There are similarities in the operationalisatiomgpyed to assess the HoOP model (Stuss et
al., 2001), the concepts of metacognitive knowleaiye on-line awareness (Toglia & Kirk,
2000), and the operationalisation of emergent goatiory awareness (O’Keefe et al., 2007).
The current study operationalised Self-Awarene$s thie assessment of metamemory
perceptions and self-reports of cognitive abilitiwhich is similar to the self knowledge
component of metacognitive knowledge described dgli@ and Kirk (2000). Furthermore,
Sensorimotor Awareness and Consistent Consciousressassessed by ERP components

which measure brain functioning underlying the pssing of sensory information and
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cognitive functions in ‘real’ time, and correspaidsituational, on-line awareness (Toglia &
Kirk, 2000). Performance monitoring was used torapenalise Consistent Consciousness,
and is comparable to the self-monitoring aspecineline awareness (Toglia & Kirk, 2000),
whilst the error monitoring paradigm employed byK@&eéfe et al. (2007) is an alternative
measure of on-line performance monitoring. Impdfyamand in contrast to the null finding of
a relationship between metacognitive knowledgeamntine awareness in O’Keefe et al.
(2007), the current study found that metamemorggggions and self-report of abilities were
related to neural and behavioural aspects of pmedoce monitoring. Despite the difference in
results of relationships between metacognition@mtine monitoring abilities in the present
study and in O’Keefe et al. (2007), the correspogdioncepts in the different models suggest
the existence of two types of awareness (cf. Taglidrk, 2000); metacognitive self-
awareness and on-line performance monitoring. Didribution of the HOP model (Stuss et
al., 2001) is in the separation of on-line awarsne® the component aspects of the initial
processing of sensory and bodily information (Sensator Awareness), and the ability to
organise sensory input which underlies effectivé atlaptive behaviour (Consistent

Consciousness).

The current study found some indirect evidencénefttierarchical structure of the HoP model,
as correlations were found in both groups betwesrels 2-4 of the model. Furthermore,
evidence was found of deficits in the older adattene level, being associated with deficits at
a higher level. Reduced error processing in theradults was also associated with the use of
fewer strategies to support memory functioning psupng the proposition that deficits at one
level can be transmitted to higher levels. The ap@nalisations of the levels of awareness did
not facilitate testing of the concept that higheardls could exert compensatory influence over
lower levels. However, it is possible that the @l firing involved in less positive
metamemory beliefs may be associated with thegfiinderlying reduced amplitude and
longer latency ERP components. However, this iglgwspeculative as the neurophysiology
underlying metacognition is not known. This concafisation of higher levels exerting
compensatory influence on reduced functioning aeldevels is another example of
descriptions being included into the HoOP modelol@n every possible outcome. This poses

significant challenges to empirical investigatiand means that the model cannot be fully
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tested. Future research could include functionalimg data and measures of white matter
integrity, as it is not known from the current datdaether there are any structural differences
in the older adults which may have contributedh®differences found in the ERP
components. Following the assumption that brairction underlies each type of awareness,
provision for the measurement of how the regiomslired in each type of awareness
communicate would be helpful. Without such datgs itot possible to assess the concept of
inter-connectivity, nor is it possible fully to take HoP model. For example, a relationship
was found between the N1 and the N2, the former &Rponent is generated in the superior
temporal plane, whereas the N2 is generated iA@@. This relationship may be a product
of the statistical analysis undertaken in this gtwd there may be an association between the
neural generators and/or the cognitions of atteatioapture and conflict monitoring. Further
studies could clarify such propositions. Nonethglése current study provides early and

exciting indirect evidence for relationships betweach type of awareness.

7.4.1. Summary.

The value of the current study was that significqafdtionships were identified and provided
statistical evidence for the inter-connectivitytioé HoP model. The study found that
reductions in attentional processing were simitoss two different paradigms. The
independent and significant impact of affect orcpptions of memory functioning and
abilities was replicated in the current study. Magnificantly, the study found, irrespective of
age group, that neural error detection signals \asseciated with perceptions of control over
memory abilities, and error processing with the efs@ternal mnemonic strategies and
external memory aids, suggesting a link betweeimiuactioning and Self-Awareness.
Although the HoP model (Stuss et al., 2001) waeliged to account for deficits in
awareness in patients with brain lesions, the stupgiesented in this thesis have indicated that
the model is also applicable to an investigatioditierent types of awareness in a healthy

ageing population.
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Chapter 8. Conclusion

The aim of this thesis was to investigate awaremeadealthy ageing population. Despite the
historical development of awareness as a concephalphe to empirical investigation, and the
incidence of deficits in awareness in diseasegeing, the degree of change in awareness
with normal ageing is not well established. Defigit awareness are also found in
neurological conditions (e.g. acquired and trauoiatain injury), lending validity to the close
association between awareness and brain functioning

Experimental psychology has proposed that awaranagde separated into levels or
component parts, such as error monitoring. Furttertemporary neurological models of
awareness (e.g. Stuss et al., 2001) have desajismific processes underlying different
forms of awareness. Any changes in awareness @r attllthood occur against a background
of more general brain and cognitive change, anthy not be assumed that such changes
influence all forms of awareness equally. The HaRleh (Stuss et al., 2001) provided a
theoretical framework for the investigation of @ifént levels of awareness in healthy ageing.
Cognitive neuroscience techniques were employethalde more traditional measures of
awareness to operationalise the conceptualisatibawareness described by Stuss et al.
(2001).

This thesis has contributed to, and extended kriiyel®f awareness in ageing in four
important ways. Firstly, this thesis has providedience of age-related differences in the
measures chosen to represent the levels of awardassribed by Stuss et al. (2001).
Secondly, by utilising a multi-method approach $eessing awareness it was possible to
demonstrate subtle effects of ageing (e.g. attemuaft selected ERP components), in the
absence of any effect on other measures (e.g. pgyeiological tests). Thirdly, the thesis
was unique in providing empirical support for int@mnectivity proposed in the HoP model,
although this finding requires replication withdar numbers of participants. Fourthly, it was
intended to demonstrate the efficacy of combinimgptetical (HoP model) and neuroscientific
(ERP) approaches in order to investigate a psydmdbconcept considered by many to be

too nebulous for scientific study. It was not thegose of this thesis to confirm the definition
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of awareness as described by Stuss and collea20@%)( but to explore the feasibility of this
model as a basis for interpreting multiple soufedata proposed to test awareness function
in normal healthy ageing. As stated in the firsitler, the aim of this thesis was not to
redefine awareness, but to operationalise conckgdtians of awareness to investigate
different types of awareness in ageing. Despitdatle of empirical evidence currently
available to support the theoretical basis foritiber-connectivity of the HoP model, the
model provided specific definitions of awareness there amenable to empirical
investigation in healthy ageing. Although a mulfiéguof awareness models has been

developed, as discussed in Chapters 1 and 2,wezeedifficulties with all of the models.

The HoP model provided four descriptions of awassnef which three were operationalised
and assessed in the current thesis. It was assiinaetthe Arousal level of awareness was
functional as all participants were awake wheretésthis thesis investigated Sensorimotor
Awareness through an investigation of auditoryrdib@al processing; Consistent
Consciousness was operationalised by performanog&anag, of which there are multiple
aspects; and Self-Awareness was measured by pelfti@ current functioning and
metamemory perceptions. The evidence provided mwithis thesis for each type of awareness
can be found in Chapters 4-6.

Both younger and older adults similarly processeeehstimuli indicating that their
awareness of their environment was functioning (Seapter 4). In Chapter 5, the ERN
component associated with the internal detecticgrirs in performance was found in both
younger and older adults (albeit attenuated irotder adults), alongside equivalent
behavioural performance of a complex executive,tasd similar postdiction reports of
performance indicating that both groups were ablaonitor and were aware of their
performance. As shown in Chapter 6, both youngdraddler adults reported some problems
with their current functioning, indicating awaresex their personal abilities. The conclusion
of this thesis is that awareness is a multidimeraioonstruct, that includes (but not
exclusively) on-line awareness which relates to ediate awareness of the environment and
performance of tasks, and self-awareness whichvaganetacognitions and assessment of

functions and abilities.
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8.1. Age-related differences in Sensorimotor Awassn Consistent Consciousness and Self-

Awareness.

The HoP model (Stuss et al., 2001) is composedwflévels of awareness. The first level,
Arousal, was assumed to be functional, due to thidrvg state of each participant.
Sensorimotor Awareness was operationalised by ERiponents representing automatic and
controlled attentional processes (Chapter 4),tagt&in is considered to be the process that
directs information into consciousness (Baars, 19B8havioural and electrophysiological
correlates of performance monitoring were empldygeassess Consistent Consciousness
(Chapter 5), whilst Self-Awareness was operaticedliby self-report measures of awareness
(see Chapter 6). As discussed in Chapters 4-6inatich level of the HoP model, subtle age-
related differences were found in the measuresvafeness. The main findings and

implications from each study will be discussedumt

8.1.1. Sensorimotor Awareness (Level 2: HoP Model).

Sensorimotor Awareness in ageing was assessedéstigating two ERP components
representing the initial capture of attention (Nd)d the degree and timing of the allocation of
attention to stimulus processing (P3), elicitedreguent standard stimuli, targets and novel,
unexpected stimuli. Habituation to novel stimulisradso investigated. The study found that
older adults had reduced N1 amplitudes, indicativattenuated initial attentional capture, in
particular for target stimuli. Previous studiesngsa standard oddball paradigm found that
older adults hattigheramplitudes to standard stimuli compared to youlageits, interpreted
as increased attentional capture by irrelevantudtiamd a tendency to treat all stimuli as
‘new’ (Amenedo & Diaz, 1998; Anderer et al., 1988iedman & Simpson, 1994). However,
studies using an auditory novelty oddball parad{gabiani & Friedman, 1995; Friedman et
al., 1993), found both younger and older adult€g@ssed frequent stimuli similarly. None of
the previously cited studies reported the N1 tgegtor novel stimuli, which limited further

comparison. In this respect, the current studyredéd knowledge of initial attentional capture
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by investigating ERP components associated witfetaand novel stimuli in older and

younger adults.

Target P3 amplitude at parietal regions, represgritie amount of attention allocated to
processing stimuli, was attenuated in older adulfporting earlier studies (Amenedo & Diaz,
1998; Chao & Knight, 1997b; Fabiani & Friedman, 89Briedman et al., 1993; Iragui et al.,
1993; Polich, 1997; Weisz & Czigler, 2006). An igase in the frontal orientation of target P3
activity was also found in the older adults, coreiswith previous studies (Amenedo & Diaz,
1998; Fabiani & Friedman, 1995; Friedman et al93t9ragui et al., 1993). This frontal
aspect of the target P3 in older adults has beggested to represent an impairment in the
ability to construct and sustain mental representatof stimuli (Fabiani & Friedman, 1995).
Frontal-dominant topography of activity is also ganto that found for novel stimuli in both
younger and older adults (Fabiani & Friedman, 199&dman et al., 1993). Therefore, and
consistent with Fabiani and Friedman (1995), eeeget stimuli may have been treated as
‘novel’ by the older adults, and/or target stinmalquired greater levels of attention in older

adults.

The latency of the novelty P3 was significantlyagedd in the older adults, indicating a longer
time to process novel stimuli, and possibly londisengagement from processing such stimuli
(Weisz and Czigler, 2006). Previous studies haveeported the P3 to standard stimuli, and
the current study found that older adults had §icamtly increased P3 amplitude and shorter
latency to standard stimuli compared to youngeltadsuggesting a greater amount of
attention is more quickly allocated to processimgjfient, but irrelevant stimuli. Alongside the
increase in frontal novelty P3 amplitude with nostinuli repetition in older adults, this
suggests that there is reduced ability to inhHt processing of irrelevant stimuli. In other
words, each stimulus may be treated more as ‘nigavi tfamiliar’ (cf. Amenedo & Diaz,

1998), but it is not confirmed if this is due téaslure of memory or an increased allocation of

attention, or both.

The current study supported previous findings lafc& of habituation to novelty with
increasing age (Friedman et al., 1997; FriedmanrpSon, 1994; Weisz & Czigler, 2006),
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also suggesting that ageing alters neurocognitivegsses associated with dynamic learning.
Cycowicz and Friedman (1999) proposed that the lhpf8 was composed of two aspects: a
frontal aspect representing initial orienting tovelby, and a parietal aspect associated with the
categorisation of stimuli. The apparent differetntia of activity at frontal and parietal regions
in the younger adults is compatible with this swgjige, and indicated that younger adults
rapidly habituated to novel stimuli. Consistenthtite literature, this suggests efficient
learning in this group. The oppositereasein frontal activity with increasing experience of
novel stimuli in older adults does not confirm #iesence of efficient learning, but rather
suggests that alternative pathways and/or increasedf existing pathways may underlie
memory formation with age (Cabeza, 2002). Of paldicimportance was the finding that
such phenomena are not necessarily explained cezase in anxiety, nor were they
associated with differences in behaviour.

In summary, with regard to age-related differerinéSensorimotor Awareness, the study
found evidence that initial attentional capture webuced in older adults, with a degree of
bias towards irrelevant frequent stimuli, and d@aratd topographical distribution for
controlled attention to processing target stimudinger latency, controlled top-down
processes may compensate for earlier (e.g. N1gitkeiin sensory perception (e.g. Alain et al.,
2004), and the increase in the frontal orientatibtarget and novelty P3 with repetition found
in the older adults, in the absence of behavialifedrences in target detection, provided

support for this proposition.

8.1.2. Consistent Consciousness (Level 3: HoP Model

Consistent Consciousness is supported by theyatalibrganise sensory information
underlying behaviour and executive functions. Bigly investigated performance
monitoring in healthy ageing, as a means to exglwgentegrity of the third level of
awareness in older adults. Performance monitonolyided the assessment of pre-response
conflict, allocation of attention, response-corifficiming, error detection, and error

processing. The incompatible condition of the ERRagigm manipulated task complexity and
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response conflict. Behaviour was investigated imgeof error rate and reaction time, and the
remedial actions of error correction and post-estowing. The inclusion of postdiction report
of performance accuracy provided a metacognitivasuee of the individual's awareness of
their performance. The study was unique in applyimegWoody filter to investigate the

potentially confounding effect of latency jitter &RP component amplitudes.

The study found equivalent pre-response conflichiteoing across groups, however, the
allocation of attention and response-priming westh lattenuated and delayed in the older
adults. The later SW component, which may refleeparation for response switching, was
also delayed in the older adults. In both converdi@nd Woody filter analyses of response-
locked components, there were age-related redwsctiotine ERN and the Pe, indicating an
impoverished error detection system, supportingiptes studies (Band and Kok, 2000;
Falkenstein et al., 2000; Falkenstein et al., 20@dthalon et al., 2003; Mathewson et al.,
2005). The magnitude of the difference betweerCR&l and the ERN is considered to
indicate the integrity of the error detection systig-alkenstein, 2004). Despite the amplitude
reductions in these components when examined ohaédy in the older adults, a significant
difference remained between CRN-ERN amplitude githg that the error-monitoring system
was attenuated but functional. Of particular noezenthe lack of consistent amplitude
reductions and latency increases in stimulus aspbrese-locked components in the older
adults. Therefore, the age-related differencesdanrthe ERP components are unlikely to be

explained by a global reduction in EEG power oeaggalised slowing of processing.

Behaviourally, both groups managed the increasasih complexity equivalently, and had
comparable rates of error correction and post-edlawing. However, the older adults
consistently performed significantly more slowlathyounger adults, and responded to fewer
trials. It would, perhaps, be justified to reachegative conclusion about older adults’ ability
based on this finding. However, a positive intetatien may also be offered, as slower
responding may simply bedifferentresponse strategy in the older adults; a strategfymay
contribute to the significant improvement in the@rformance over time, it is possible that
older adults were taking a more general overvietheftask, and thus had a strategy, albeit a

different one to some of the younger adults. Moespalthough there were age-related
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differences in the electrophysiological correlatéperformance monitoring, there were few
behavioural differences between younger and oldelts This suggests that any underlying
‘deficit’ or ‘strategy-difference’ was not suffiai to impair the behavioural performance of
the task, and provides further evidence that alt&®RP components in older adults may

reflect adaptation to normal changes in brain stinecand function, not necessarily deficit.

In summary, subtle age-related differences weradon electrophysiological aspects of
performance monitoring, which may indicate alte@hsistent Consciousness in older adults.
However, effective remedial actions and responsgegiies were found, suggesting that
performance monitoring was functional in the olddults, and that compensatory
mechanisms may supersede challenges that occiar éaithe monitoring process. This
presents a number of fascinating possibilities.drtgntly, this is consistent with the
possibility, as presented by Stuss and colleag2@®1], that other modules within an
awareness ‘level’ may permit both continued fungtig of that type of awareness, and
continued inter-connectivity with other levels efaeness. In this respect the HoP model
(Stuss et al., 2001) must be viewed as dynamiSiass and colleagues appear to have
intended. It would be of interest to investigate tievelopment of awareness in childhood
within the HoP model framework, in order furthemtoderstand changes in the processes
underlying different types of awareness during mgelror example, investigating whether
children form each level sequentially, achievingéle4 only after all other levels have
developed. Indeed, Stuss and Alexander (2004) deresi congenital and acquired brain
injury in children, and suggested that frontal lolaenage particularly influenced development
of Self-Awareness and theory of mind. The implicas for ageing are that awareness may
begin to ‘deconstruct’ at the higher levels fiest,these levels rely on the functional integrity
of the frontal lobes, but that the capacity of otlidules within each level may permit

adaptation to such changes in the brain.
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8.1.3. Self-Awareness (Level 4: HoP Model).

Self-Awareness involves accurate monitoring ofgbk and personal abilities, and relies upon
the functional integrity of the frontal lobes amder-connectivity with the limbic system

(Stuss et al., 2001). This study used multiple-msgdbrt measures, which focused on memory
knowledge and capabilities, memory functioning @ménding situations, and cognitive and
behavioural changes. The relationship between tadfed measures of Self-Awareness was
also investigated.

There were no age differences in any of the awasemeasures specifically focusing on
current functioning and abilities (MIA Capacity, BiEand MARS), which suggested that
awareness of abilities did not alter as a functibage. Both groups reported some problems
with cognitive or behavioural functioning, suggagtthat both younger and older adults were
aware of limitations in their abilities. Howevegearelated differences were found in the
Change, Locus and Strategy subscales of the Migpating previous studies indicating that
older adults perceive more memory decline over tiess internalised control over their
memory and report utilising more strategies to supmemory performance (Dixon &
Hultsch, 1983; Hertzog et al., 1987; Hultsch etE87); the latter finding being consistent
with the interpretation of Level 3 performance-ntoring results (see above, Section 8.1.2),
that older adults had a different response straf€lgg study additionally found that the age-
related difference in perceived control over memeag explained by increased depression in
the older adults. Furthermore, the current studwdbthat older adults relied upon external
memory aids to a greater extent than younger aquldsiding empirical support for the

numerical trend indicated by Dixon and Hultsch @08

The study extended knowledge regarding the inflaaiaffect on metamemory perceptions
in ageing. Anxiety and depression, as measureddidADS, were related to increased
anxiety and stress over memory, reduced memorybddjes, and more perceived change
over time in memory functioning. These findingsicaded that there was an emotional
component to awareness of memory functioning, pliiogi support for Abson and Rabbitt
(1990; 1991) and McDougall (1995). One interpretabf these data is that awareness
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function in ageing is influenced by the pre-conae that a particular society holds about
ageing. For example, if it is assumed that agesragsociated with poorer memory function,
irrespective of dementia, then ageing may be astmtiwvith the attribution of more
significance to occasional memory lapses. It iscedrable that this could simultaneously lead
to greater utilisation of memory strategies, armteased anxiety. ‘Reduced’ awareness may,
therefore, result from a reaction to a belief af a®from normal brain changes with ageing.
It would be of considerable interest to investigadtanges in awareness with normal ageing in
relation to personality characteristics (e.g. opgim), and in other societies where ageing is

perhaps viewed more positively.

In summary, despite age-related differences inggiens of change in memory functioning
over time and the use of strategies to support mgperformance, there were no differences
in the self-report measures of Self-Awareness batweunger and older adults. These
findings suggest that increasing age has littleatfbn self-reports of Self-Awareness using
traditional questionnaires. The study also suggeste importance of accounting for the role

of emotion on self-report measures.

8.2. Multi-method Assessment of the HierarchieRmicessing Model.

As awareness is a multidimensional construct, #geai multiple measures of awareness is
advantageous, as indicated by O’Keefe et al. (20thi¥ approach was particularly beneficial
to investigating awareness in ageing, as consisfgerelated differences in each measure of
awareness within the levels of the HoP model wetdound (see Chapters 4-6). Stuss et al.
(2001) described each level of awareness as modvlérh provided the inter-connectivity
between the levels; this modular structure alsdagxp how deficits at one level can be
circumvented (as detailed in Chapters 2 and 7).é¥ew this description also posed a
challenge for testing the model, as it explainethimdings and lack of findings of
relationships between the levels in the HoP mobetrefore, it may only be assumed that

lower level functioning supports higher level preses. The final empirical study (Chapter 7)
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statistically explored the inter-connectivity beemelevels 2-4 of the HoP model using

correlation analyses.

The study found relationships in both groups betwtbe measures of awareness at different
levels, providing indirect support for the intercctivity of the HoP model. More
specifically, increased attentional processinguafitary stimuli, operationalised to measure
the processing of sensory information (Level 2 rseimotor Awareness), was related to the
similar processing of sensory stimuli in the maxeaitive 4-CRT paradigm (Level 3 -
Consistent Consciousness). This finding was cargistcross groups, suggesting that sensory
information was processed similarly in younger alter adults, irrespective of whether it
was simplistic (Level 2: Sensorimotor Awarenessinore complex (Level 3: Consistent
Consciousness). Relationships between electrogbgstal and behavioural correlates of
performance monitoring (Level 3 - Consistent Comgsness) and measures of Self-
Awareness (Level 4 - Self-Awareness) were alsoddarboth groups. Improved error
detection, irrespective of group, was related te@gations of increased control over memory
functioning, whilst error detection, error procegsand post-error slowing were related to the

use of strategies to support memory performance.

This study was unique in assessing the HoP modags$®t al., 2001) in a healthy ageing
population, but it was considered critical to darsorder to interpret altered awareness in
diseases of ageing. Some evidence was found thagehl in older adults at one level are
related to changes at higher levels. For examfilenaated Pe amplitude was associated with
the use of fewer strategies in the older adultsvéler, there were no consistent relationships
across levels between those measures showing katedrdifferences within levels. This
suggests support for the proposition that anyedt@wareness at lower levels can be
circumvented by processes at higher levels. Furtber, there were no behavioural
performance differences between younger and olfidtsain the novelty auditory oddball, the
4-CRT, or in any of the cognitive measures (Leetsd 3). Moreover, this is the first study,
to the author’s knowledge, to identify that erretettion (indexed by ERN amplitude) is
related to perceived control over memory functigniih also indicated that aspects of

performance monitoring in general, such as errocgssing, may have influenced the use of
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strategies to support memory functioning. Givenrtatively small number of participants
who on whom data were available across all the areashowever, it would be better to view
these results as preliminary. Nonetheless, theentistudy provided evidence for relationships
between measures operationalising different typ@svareness, and indirect support for the
inter-connectivity of the HoP model (Stuss et2001) which is certainly worth replicating in

a properly powered study.

8.3. Limitations of the Study.

The limitations of the thesis can be separatedig#ioes relating to the lack of assessment of
all Levels of the HoP model, operationalisationshef types of awareness, and
methodological issues relating to power and repitasigeness of the older adult sample.
These issues are discussed in turn.

8.3.1. Lack of Formal Assessment of Level 1 ofklod® Model.

The lack of formal assessment of the Arousal le¥@wareness (Level 1) in the HoOP model
(Stuss et al., 2001) may be considered a limitgtemticularly in the inter-correlational
analyses (Chapter 7). However, this type of awa®naates to the dimension from coma to
waking state, and was assumed to be functionddeapdrticipants were wide awake at time of
testing. Nevertheless, evidence discussed in Chaptelicated that sleep disturbances are
related to cognitive deficits, and this suggest¢spbtential for problems in this type of
awareness (e.g. daytime sleepiness) to influermmepsing at higher levels. The inclusion of a
rigorous sleep questionnaire, for example the FonatOutcomes of Sleep Questionnaire
(Weaver et al., 199and polysomnography (the gold standard of slegfityuassessment)
would have provided multiple measures of qualitglekep with implications for daytime
sleepiness. Such a study, if undertaken, woulctatdithe potential impact of sleep quality on
higher levels of processing and functioning dutimg daytime, and provide data perhaps of
interest to those working with older patients wattered awareness, for example, those with

AD. Of note, it has already been reported thatiagorvhich limits sleep quality, is twice as
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frequent in patients with dementia (AD= 46; Multi-Infarct Dementia = 37) compared to
healthy age-similar controls & 124) (Erkinjuntti, Partinen, Sulkava, Palomaki&vis,
1987).

8.3.2. Operationalisation of Awareness Levels entioP Model.

The accurate monitoring of personal abilities drelgelf are described as the processes
underlying Self-Awareness (Stuss et al., 2001),vaeick operationalised with self-report
measures in this thesis. The present investigati@elf-Awareness found that both younger
and older adults reported some problems with ctifterctioning, and found evidence of age-
related differences in perceptions of memory aégdiaind functioning. However, self-report
measures are influenced by a range of psycholofgictirs, including, as shown in Chapters 6
and 7, subtle variations in affect. The use of jmtezh and postdiction of performance on a
range of neuropsychological tests would have pexvia complementary addition to the
assessment of Self-Awareness. Prediction and ptistdimeasures provide on-line evaluation
and monitoring of performance and abilities, whilst inclusion of a wider range of
neuropsychological tests would have produced agraasessment of current functioning.
Moreover, the lack of data on working memory caliiéds and frontal lobe functioning
restricted exploration of potential associationgwtine multiple measures of the different
types of awareness included herein. It must begr@sed, however, that adding multiple

additional measures may well have overburdenedcpaants.

8.3.3. Power of the Study.

Although the current sample size was comparabpedwious electrophysiological studies of
ageing (see Chapters 4 and 5), the correlatioryseskeported in Chapters 6 and 7 were
underpowered, and in that each sample requiregaiticipants to reveal strong correlations
(r = .40+) with an alpha level of .05, power .80. Rartdata collection was restricted in the

current thesis by the amount of testing time regfliof each participant (~ 4 hours). The
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generalisability of the findings from the older #dsample is also questionable because of the
sample size, but moreover, the sample was recriridetdthe Older Adult Volunteer Panel
managed by Dr. Romola Bucks at the School of PdgglyoThese older adults may represent
a select group within the older adult populatiorvBitheless, this is the first study to attempt
to investigate the HoP model (Stuss et al., 2001)is manner, so sample sizes could not be
accurately predicted a priori. Importantly, it isged that these pilot data will permit future
studies to be powered adequately to investigatdioekhips between levels of awareness, as
described by Stuss et al. (2001), in normal ageing.

8.4. General Conclusions.

The HoP model (Stuss et al., 2001) provided thertal framework for this thesis.
Although the model was developed to account foicdsfin awareness in patients with brain
lesions, and has not, to the author’s knowledgen lenpirically tested, the studies presented
in this thesis have indicated that the model idiegiple to an investigation of different types
of awareness in a healthy ageing population. Magdhe conceptualisations employed to
assess the HoP model may be considered to be asefyractical measures of awareness in

younger and older adults.

The studies presented herein, have shown that@geassociated with altered attentional
capture, attenuated allocation of attention to sliim both a simple auditory oddball
paradigm and in a more complex choice response @dkr adults have slower processing of
novel stimuli, in addition to topographical evidenaf reduced frontal lobe activity, and
altered learning of novel stimuli. Slower attenabprocessing and response priming were
additionally found in the 4-CRT. Both error deteatiand processing were reduced in the
older adults, and this was related to their pefoaptof control over memory functioning and
the reported use of internal and external strasetgiesupport current memory functioning.
Although older adults perceived more change irrtftme@mory functioning over time, they did
not report more difficulties with memory, or cogné and behavioural functioning, compared

to younger adults. The value of the theoreticahieavork provided by Stuss et al. (2001) may
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lie, therefore, in the descriptions of the processederlying the different types of awareness.
These conceptualisations facilitated empirical sssent, and the current thesis employed
multiple measures to operationalise the processedvied in each type of awareness. A multi-
method approach to investigating awareness in ggeas found to be beneficial, as subtle
and inconsistent age-related differences were foueach type of awareness. The studies
indicated evidence for different types of awarenasd that some aspects of awareness are
influenced by the ageing process. Some supporaigasound for the proposition that
processing associated with functioning at loweelgwas related to processing associated

with higher levels of awareness.

Despite age-related differences in the amplitudelatency of ERP components representing
attention and executive functions, there were fewropsychological and behavioural
differences between the groups. Significantly sloseaction times were only found in the
older adults in the 4-CRT, a finding compatiblehnwifalkenstein and his colleagues (Kolev et
al., 2006; Falkenstein et al., 2006; Yordanovd.e2804a), who also found that behavioural
slowing in older adults only occurred in a 4-chdiask, and not a simple choice task. Of
particular note were the findings of the presemdigthat older adults missed more trials in the
4-CRT, but that their performance improved withdiand task experience, which contrasted
with the younger adults, whose performance declhmigld time. It is suggested that the older
adults up-regulated activity in attention and ctigaicontrol circuits to compensate for
alterations in the nature of information processthgtslower facilitated surerStuss et al.
(2001) described the ability of higher levels te/xcompensatory effects over lower level
deficits in awareness. Investigation of the potritir cognitive strategies to supersede
deficits in ERP components of performance monitpriould make for an interesting addition
to the present study. Such evidence might indiaatmfluence of top-down cognitive
processes in modulating dynamic changes in thegeraent of modular function within each

level of awareness.
It remains unclear whether the alterations in amese processes found in older adults have

any significant influences on their everyday fuontng. The equivalent management of the

increase in task complexity in the 4-CRT, combingith similar cognitive and behavioural
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performance across groups, suggest that alteretidning, as indexed by the ERP
components, did not have a significant negativeaichpn performance. However, behaviour
in computer-based ERP tasks may not be represent#dteveryday functioning (Hogan et al.,
2006). The results, therefore, may not be suggestieficit but may be consistent with the
conclusion that alteration in function is a meahadaptation to underlying brain and

cognitive changes occurring during later life.

8.5. Implications for Diseases of Ageing.

A range of neuropsychological and neurological nedéawareness (see Sections 1.3.4.1
and 1.3.4.2, Chapter 1) has been developed to actamdeficits in awareness found in
patient populations, and has provided a multituddgeéinitions of different types of
awareness. As such, clinical assessment of awaréassocused on deficits in awareness of
specific functions rather than as part of a dynaanid potentially compensating system as
promoted by the HoP model (Stuss et al., 2001 )efaéwmethods have been employed,
including questionnaires, discrepancies betweeemtadand carer ratings of functioning of
various cognitive and behavioural domains and dismncies between prediction and actual
performance of neuropsychological tests and otheermental tasks (see Clare 2004b, for a
review). Each of these types of assessments isxdepeon assessment by the self
(introspection) and/or others, and has the poteiatianfluence by psychological factors such
as affect, self-esteem and carer burden. Othesraotay also impact on self-assessments, for
example, current stress levels and fatigue. ERBspmavide a more objective measure that is

complementary to the traditional subjective appnoac

Another limitation of the clinical literature isdahfew studies have included healthy older
adult populations as controls, restricting conduasiabout the effects of disease pathology on
awareness over and above any normal age-relategefian other words, if the effects of
normal ageing on awareness are not known, themidti possible fully to understand deficits
in awareness in diseases of ageing. Clinical avessequestionnaires were included in

Chapter 6, and the study found that healthy youagdrolder adults reported some problems
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with cognitive and behavioural functioning, andréfere had awareness of their limitations.
Moreover, these results indicated that the awasegesstionnaires were also appropriate for
use with healthy populations, and that the inclusibhealthy older adults in clinical

guestionnaire studies of awareness would be feasibl

The ERP studies of Sensorimotor Awareness and §tensiConsciousness provided a more
novel approach to the assessment of awarenesayapdoposed to be complementary to the
original questionnaire studies. The EEG techniguwot reliant on self and/or informant
reports, efficient memory recall, or, to a degiEgnitive capacity of the individual. Age-
related differences in brain activity were foundheut associated performance deficits,
suggesting that ERP components may also be legscstd the potential influence of
psychological factors, such as affect and socisirdkility. Moreover, it was found that the
measurement of electrical brain activity was aaeletto older adults, and, may be a

valuable, non-invasive technique applicable forinsa@der adult patient populations.

ERP methodology may be particularly informativehaiégard to predicting decline in
longitudinal studies of ageing. In this respedcis interesting that age-related differences in
the ERN and Pe were driven by differences betweenger adults and the oldest older adults
aged 70+ years (Chapter 5; and Appendix 6). Ifdlemsmponents are confirmed as
particularly sensitive to maturational change theay be candidate variables to track
progression from mild cognitive impairment to Adafrom mild to moderate brain
dysfunction in older adults with dementia. Howe\atditional benefit of the ERP approach
may derive from its combination with structural igivag data and neuropsychological

assessments, rather than in isolation.

Older adulthood has been shown to be a time ofahend cognitive change (Sections 2.4 and
2.5, Chapter 2), and this thesis has shown thattieee are subtle changes in brain function
underlying processes of awareness with ageing.eftrey, it cannot be assumed that any
changes in awareness with diseases of ageing aueriog against a static background, rather,
there are dynamic changes in organisation of ne@taorks underlying awareness. Normal

ageing may be associated with compensatory mecharfSabeza, 2002), and diseases of
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ageing may become symptomatic only when the funstaf these mechanisms are

significantly disrupted by neuropathology.

The processes of plasticity may provide a neurplamation for such compensation, and the
continued function of awareness in later life fafendt, 2001). In other words, there may be a
neural explanation for why compensation is possibleormal ageing, but fails in diseases of
ageing. Scheff and Price (2003) found that synag#itsity was significantly reduced in layers
Il and V of the frontal and temporal lobes in wmidiuals with AD. Synaptogenesis, facilitating
the development or strengthening of alternativeai@mness’ neural pathways, may be a
compensatory mechanism that is deficient in AD llessmann, 1996), as a reduction in
synaptic density is not a typical feature of noraigihg (Lassmann, 1996; Scheff, Price &
Sparks, 2001). Mesulam (1999) suggested that é&adfithe mechanisms involved in plasticity
(i.e. synaptogenesis) underlie AD and the relabignbetween the clinical and
neuropathological characteristics of AD. Arendtq202004) further hypothesised that the
effects of plasticity lie along a continuum, witbrieficial cortical reorganisation at one end

and neurodegeneration at the other.

8.6. Awareness.

A range of models of awareness was described ipt€h& and, despite the different
approaches and definitions of awareness, ther@&ich mommonality. In Chapter 7, the
conceptualisation of a separation of awarenesswudroad types was discussed:
metacognitive self-awareness which relates to kadgé held about the self, and on-line
situational awareness, which arises from experiehegetivity. This separation can be found
in several of the models in Chapter 1. Awarenesigrfrom knowledge held about the self is
similar to: systemic awareness (Cavanaugh, 1988jdsel.3.3, Chapter 1); the personal
knowledge base (PKB: Agnew & Morris, 1998; SectloB.4.1.1, Chapter 1); metacognitive
knowledge (Toglia and Kirk, 2000; Section 1.3.4,Chapter 1); Self-Awareness, at the
highest level of the HoOP model (Stuss et al., 2@&ktion 1.3.4.2, Chapter 1); and, insight

into the self in Vector 3 (Prigatano & Johnson, 20@wareness involving self-knowledge
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also features in objective self-awareness theotyw@& Wicklund, 1972; Section 1.3.2,
Chapter 1), which states that objective self-awassrarises from self-focused attention. The
conceptualisation of on-line awareness arising fexperience of activity and performance
monitoring is found within the metacognitive litaree, in which this type of awareness is
analogous to: memory monitoring (Hertzog & Dixo894; Section 1.3.1, Chapter 1);
subjective self-awareness (Duval & Wicklund, 1932ction 1.3.2, Chapter 1); on-line
awareness (Cavanaugh, 1989; Section 1.3.3, ChBptatuational awareness (Toglia & Kirk,
2000; Section 1.3.4.1.2, Chapter 1); Consistents@onsness in the HoP model (Stuss et al.,
2001). This concept also features in the AgnewMadis (1998; Section 1.3.4.1.1, Chapter
1) model, as performance monitoring is the proedssh underlies mnemonic and executive
anosognosia, the detection of a mismatch concefamgioning, and of errors. The
commonalities in these concepts and definitions beainterpreted to indicate support for the
separation of awareness into awareness aboutlftendeon-line experiential awareness.
However, such a conclusion is restricted by thk tdempirical investigation, nevertheless,
the current thesis and the study by O’Keefe g28l07) offer some support for this

proposition.

Defining the multi-dimensional nature of awarenkeas posed a significant challenge for
research. Whilst there has been consideratiorhéoconcept of awareness as a process
dependent on brain function (Prigatano & Johns0032Stuss et al., 2001), there has been
little consideration of the complexity of awarenassl its relationship with the brain, as this
complexity is difficult to assess empirically. Ataanative view is that awareness can be
presumed as a factor that underlies the abilifyetdorm everyday tasks, but that is not
interesting in itself. In this view, the questiolwhat constitutes awareness only becomes
pertinent when problems with awareness develos, @® case found in individuals with
dementia. This thesis may not claim to have masigbatantial contribution to age-old debates
about awareness, but it has, perhaps, contribatttetview that awareness may be assessed
by testing brain function, and that awarenessnsulii-dimensional construct. The former is
supported by evidence of alteration in brain ERPponents with normal ageing, and the

latter by evidence of selectivity in that alteratio
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Appendix 1. Sponsorship Letter from the Universitysouthampton.

University Legal Services
uthampton
of So P University of Southampton Tel +44 (0)23 8059 4684
Highfield Fax +44 (0)23 8059 578|
Southampton Email legalservices@soton.ac.uk

Tel: +44 (0)23 80598848/9 M

Ref: RSO 4463 REC (if available)

Cassandra Richardson
School of Psychology
Building 44

University of Southampton
Southampton

SO17 1BJ

26 May 2006
Dear Cassandra

Project Title: Changes in awareness of cognitive deficits in older adults and individuals with
Alzheimer's disease

I'am writing to confirm that the University of Southampton is prepared to act as sponsor for this study
under the terms of the Department of Health Research Governance Framework for Health and Social
Care (2001).

The University of Southampton fulfils the role of research sponsor in ensuring management, monitoring
and reporting arrangements for research.

I understand that you will be acting as the Principal Investigator responsible for the daily management
for this study, and that you will be providing regular reports on the progress of the study to the School
on this basis.

I would like to take this opportunity to remind you of your responsibilities under the terms of the
Research Governance Framework for researchers, principal investigators and research sponsors. These
are included with this letter for your reference. In this regard if your project involves NHS patients or
resources please send us a copy of your NHS REC and Trust approval letters when available.

Please do not hesitate to contact me should you require any additional information or support. May I
also take this-opportunity to wish you every success with your research.

Yours sincerely

>

Dr Martina Dorward
Research Governance Manager

¢, File
Ruth McFadyen
Supervisor/s: (if applicable)
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Appendix 2. Participant Invitation Letter.

University School of Psychology

of Southampton —
University of Southampton Tel +44 (0)23 8059 5108

Highfield Southampton  Fax +44 (0)23 8059 4597
S0O17 1BJ Email cr2@soton.ac.uk

Dear (insert name), Date:

My name is Cassie Richardson and | am a postgrades¢arch student at the University of
Southampton. You are being invited to participata study investigating memory and
awareness over the lifespan using event-relatezhpats (ERPS). This is a nhon-invasive
technique which uses leads placed on the scalg#sune changes in electrical activity from
the brain during task performance.

The study is designed in two parts. Both sessidhsake between one and two hours. At the
first visit | will ask you to complete a range afegtions telling me about your mental and
thinking skills as well as your mood. At the secegit, | will ask you to carry out some
simple tasks whilst | measure your brain’s eleatractivity during those tasks. You can
withdraw from the study at any time and all of thiermation that we collect about you will
be kept completely confidential.

Please find enclosed an information sheet proviflindper details of the study. If you have
guestions please contact me Cassie Richardson®80ED 5108 (office number) or via email
cr2@soton.ac.ulf you are interested in participating in thedstuplease could you return the
reply slip below in the enclosed FREEPOST envelbpall telephone you to answer any
additional questions you may have and to arrangdirst appointment if you decide to go
ahead.

Yours sincerely,

Cassie Richardson

Yes, | am interested in participating in the memamng awareness ERP study.

Name:

Address:

Telephone number: Besttt contact me:
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Appendix 3. Participant Information Sheet.

University School of Psychology
of Southampton

University of Southampton Tel +44 (0)23 8059 510¢
Highfield Southampton Fax +44 (0)23 8059 4597
SO17 1BJ Email cr2@soton.ac.uk

An investigation of brain activity associated with memory and
awareness.

Information Sheet

You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will
involve. Please take time to read the following information carefully and discuss it with
others if you wish. Ask us if there is anything that is not clear or if you would like more
information. Take time to decide whether or not you wish to take part.

Thank you for reading this information sheet.

What is the purpose of the study?

We are investigating memory and awareness over the lifespan using event-related
potentials (ERPS). The electroencephalogram (EEG) measures the electrical activity
of the brain using leads placed on the scalp. The study will involve two appointments
approximately 1 week apart and each visit will take 1 to 2 hours.

Why have | been chosen?

We are writing to a number of participants of the correct age, chosen at random, from
the volunteer panel.

Do | have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you
will be given this information sheet to keep and be asked to sign a consent form. If
you decide to take part you are still free to withdraw at any time and without giving a
reason.

What will happen to me if | take part?

The study will involve two appointments approximately 1 week apart. The first visit will
involve completing a number of questionnaires, one of the questionnaires will be
audio taped. A home visit can be arranged for the first appointment. With your

258



consent, we would also like to ask someone with whom you are close to complete
some questionnaires about your abilities. The second visit will take place in the ERP
room at the University of Southampton. In order to measure the electrical activity of
your brain, a cap with holes in it will be placed on your head and leads will be placed
on your scalp with a watery gel. The leads transmit the brain’s electrical activity to the
computer where it is recorded.

There is no risk involved; it is not possible for the leads to send electrical activity back
to the brain. The leads can be removed in less than a minute if you decide you want
to stop. Once the leads have been placed, you will be asked to complete some
attention tasks on the computer. A short questionnaire about how you are feeling will
be given at the beginning and at the end of the computer tasks. You will also be
asked to complete four practical tasks; three everyday and one novel task. The
second visit will also be videotaped.

I will endeavour to remove as much of the gel as possible at the end of the second
visit, and you may wish to wash your hair when you get home. If you would prefer,
there is a hairdresser on campus and we can arrange for you to have a wash and

blow dry.

What do | have to do?

There are no special requirements of you.
What are the possible disadvantages and risks of taking part?

There are no significant disadvantages or risks involved in taking part in this study.
Many people find the tasks fun if a little tiring.

The gel is salt based. It is harmless. However, to be certain, we will conduct a skin
test to check that you do not react to it. This involves putting a tiny amount of gel on
your hand to look for redness or itching.

What are the possible benefits of taking part?
There are no direct benefits to you from taking part in the study.
What if something goes wrong?

It is very unlikely that any part of this study will cause you harm. The study is entirely
non invasive. However, if any aspect of the way you have been approached or
treated in the course of the study causes you concern, please write to the project
supervisor Dr. Romola Bucks at the School of Psychology, University of
Southampton, Highfield, Southampton SO17 1BJ.

Will my taking part in this study be kept confidential?
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All information collected about you during the course of the research will be kept
strictly confidential. Personal information will not be released to or viewed by anyone
other than researchers involved in this project. All of the data collected will be coded
so that it is anonymous and will be stored securely. Results of this study will not
include your name or any other identifying characteristics.

What will happen to the results of the research study?

The results from the study will provide us with data that we intend to present within
the School of Psychology, University of Southampton and an article will be submitted
for publication. You will not be identified in any presentation of the data. A copy of the
study findings can be provided by Cassie Richardson, on request.

Who is organising and funding the research?

The Economic and Social Research Council, Gerald Kerkut Charitable Trust and The
Alzheimer’s Research Trust are funding the research and it is managed by the
University of Southampton.

Who has reviewed the study?

The study has been reviewed and approved by the University of Southampton School
of Psychology Ethics Committee. If you have questions about your rights as a
participant in this research, or if you feel that you have been placed at risk, you may
contact the Chair of the Ethics Committee, Department of Psychology, University of
Southampton, Southampton, SO17 1BJ.

Phone: (023) 8059 3995.

Contact for Further Information:

Miss Cassie Richardson, BSc., MSc.,
Postgraduate Research Student,
School of Psychology,

University of Southampton,

Highfield, Southampton SO17 1BJ

Office number: 023 8059 5108
Email: cr2@soton.ac.uk
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Appendix 4. Script for the Procedure.

TELEPHONE RECRUITMENT

Hi, my name is Cassie Richardson and I'm a postgradhte student at the University of
Southampton. Thank you for returning your reply slip expressing interest in taking part
in this research. As | explained in the letter, | an studying awareness and memory and
the associated brain activity.

The study is designed in two parts. Both sessionsliMiake over an hour but less than two
hours. You can withdraw from the study at any timeand all of the information that we
collect about you will be kept completely confidenal. The information that we gather is
purely for research purposes, and is in no way diagpstic.

At the first visit | will ask you to complete a range of questions telling me about your
mental and thinking skills as well as your mood.

At the second visit, | will ask you to carry out sme simple tasks whilst | measure your
brain’s electrical activity during those tasks. Wemeasure brain activity using event
related potentials or ERPs. These are the normal ettrical signals that pass between the
cells in your brain when you are doing mental tasksWe can measure this at the scalp by
placing leads on your scalp. These leads pick updlsignals that are produced by your
brain, a bit like a receiver can pick up radio sigmls. However, they do not send signals
into the brain. The system is totally non invasivand completely harmless. We use a salty
gel to get a good connection with the skin. This Emilar to the one used with ultrasound.
The gel is harmless but tends to dry as white powdeThis washes out easily. Are you
able to get to the University? | can provide a majnd directions and there is free

parking near the University. | can also pay some tivel expenses if you're not coming by
car.

Can I just ask if you live with someone?Older adults)

Is there someone who would be happy to be with yauhen you take part?(Participants
with AD)

This is because at the first visit, | will want toask that person some questions about your
general mood and wellbeing. | hope that will be OKwith you.

Each time we meet, | will explain what we are goingp do and give you an opportunity to
decide if you want to continue.

Are you still interested in taking part?
OK, do you have any questionsAnswer any questions that have been asked.
Is it OK if | take about 10 minutes of your time torun through some screening

guestionnaires with you? By agreeing to answer thegjuestions doesn’t mean that
you’ve consented to the study, it just means thatoy’'re happy for me to ask you some

261



guestions over the telephone. You are free to st@t any time and the information
collected will be kept completely confidential.

If not a good time for telephone callthen is a good time for me to call you to run throgh
the screening questionnaires?

OLDER ADULT SCREENING

I'd like to go through a brief questionnaire aboutyour memory and thinking skills. This
is to give you a feel for the types of questionslliibe asking in the study. Some of the
guestions you may find simple, it's just how the gestionnaire is written and | have to
ask everybody the same questions.

TELE

What is your name?

How old are you?

When were you born?
What is today’s date?
What month is it?

What year is it?

What day of the week is it?
What season is it?

Please repeat these words for me. KEY, TOOTHBRUSH,AMP.
Allow 3 trials.
Please remember the words, as I'll ask you them aga

Could you count backwards from 20 by 3's?
*If the person has problems, use the promptisdt is 20 take away 3and “and then if you
take away 3 more?”

Who is the Current Prime Minister? (Tony Blair)
Who was the Prime Minister before them?John Major)

A few minutes ago | asked you to remember 3 word€ould you tell me now what they
were?

*If the person failed recall question:
Which of these words did | tell you befokezy? (Y/N), Ring? (Y/N), Chair? (Y/N), Picture?
(Y/N), Toothbrush? (Y/N), Door? (Y/N), Pen? (Y/N), Table? (YNgmMp? (Y/N)

Allow 3 trials, 1 for each word.
Now, | am going to say two things that are similato each other in one or more ways. |
would like you to tell me the greatest similarity etween them.

Orange & Banana.
Table & Chair.
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That's great, thanks.

*If the person scores less than 15 on the TELE:

How do you feel about the questions that I've aséted you? Do you still want to participate

in the study? | ask this because, the study is &mthquite challenging and | don’t want to
cause you any stress. Both visits involve longdrranre complex questionnaires than the one
I've just asked you.

*If the person has any queries about their memoesformance:

If you have any concerns about your memory, youisGRe best person to speak to.
Alternatively you can speak to my supervisor DmRla Bucks about any concerns you may
have.

*If the person wishes to withdraw:

Thank you for taking the time to find out more alibe study. This does not mean you cannot
participate in other studies in the future. We roagitact you in a little while to tell you about
other studies we are conducting. If you like thergbof any of them, we would love to hear
from you.

I'd also like to ask you some questions about yourealth, if that's OK?

PARTICIPANT DEMOGRAPHIC FORM

What is your ethnic group?

Are you right or left handed?

What is your occupation (or previous occupation)?

How old were you when you started school?

How old were you when you left school:

Did you have any further education?

Do you wear reading glasses?

Do you wear a hearing aid? Does it whistle at all?

Are you currently on any medication?

How long have you been taking your medication?

Have any of your tablets or any doses changed ingHast 3 months?
Do you have any medical conditions such as epilegsy

Do you have any skin conditions or sensitive skin?

Have you ever been treated for depression or anylr mental health problem?
Have you ever had a head injury?

Do you have any mobility problems? E.g. a walkingid or wheelchair.
Do you have any experience of using computers?

*If the person has epilepsy:

I’'m really sorry but you won'’t be able to take partthe study. This is because the ERP study
includes flashing stimulus and we have strict ci@t@bout who can take part in the study. It

is unethical of us to put you at any risk whatsoeNe like to thank you for your time and for
your interest in the study.

*If the person has a diagnosed skin condition:
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I’'m really sorry but you won'’t be able to take partthe study. This is because we use a gel
for the EEG recording that a small number of peapie allergic to and we have strict
criteria about who can take part in the studyslunethical of us to put you at any risk
whatsoever. I'd like to thank you for your time dodyour interest in the study.

*If the person has sensitive skin:

A small number of people are allergic to the gelttve use for the EEG recording. If you're
happy to take part in the study I will do a skisttat the first visit to see if we can use it on
you. The ingredients of the gel are water, alumimixide, 1,2 propanediol, sodium
polyacrylate, methylparaben, propylparaben, FD &@ie 1, FD & C Red 40 and FD & C
Yellow 5.

*If the person has any of the conditions on thec&hst:

I’'m really sorry but you won'’t be able to take partthe study. This is because the EEG is
very sensitive and we have strict criteria abowutuding people witligive health condition].
I'd like to thank you for your time and your intstén the study.

*If the person has uncorrected hearing problens whistling hearing aid:

I’'m really sorry but you won'’t be able to take partthe study. This is because one of the
tasks in the ERP study is an auditory one, in wimin need to carefully listen to a series of
tones. I'd like to thank you for your time and yawur interest in the study.

*If the person has uncorrected vision problems:

I’'m really sorry but you won'’t be able to take partthe study. This is because there are a
number of tasks in the ERP study that require yancentrating on visual images and
responding to them quickly. I'd like to thank youyour time and for your interest in the
study.

*If the person has started any CNS medication énlaist three months:

I’'m really sorry but you won'’t be able to take partthe study at the present time. This is
because we have strict criteria about who can {ade in the study. Because you have started
taking medication in the last three months, we nieasait until you have been taking it for
three months. If you are still happy to take parit OK if | give you a call to rearrange a visit
once you have been taking the medication for thresths? I'm really sorry to have
inconvenienced you.

*If person queries the three month period:
This is a standard procedure and it is so that ymdication is stable.

*If the person has stopped taking CNS medicatiothélast three months:

I’'m really sorry but you won'’t be able to take partthe study at the present time. This is
because it is part of our study criteria that pemphve a wash-out period of three months
after stopping taking medication. This is so tlna tnedication is completely out of your
system before you take part. I'm really sorry tedv@aused you any inconvenience. If you are
still happy to take part, is it OK if | give youcall to rearrange a visit once you have not been
taking the medication for three months? I'm realtyry to have inconvenienced you.
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That's great, thanks for your time. Can we arrangethe dates for both visits now? It
makes life easier that way. Are you able to get titne University for both visits? Arrange
venue for first appointment, if person cannot ttaeehe University for both visitdll send
you a letter confirming the time, date and venue fothe first visit.

VISIT 1

INTRODUCTION

Hi, my name is Cassie Richardson and I'm a postgradhte student at the University of
Southampton. Thank you for agreeing to take part inthis research. | am studying
awareness and memory and the associated brain adtiv

As | explained [on the telephone], the study is deged in two parts. This is because
there are a number of questionnaires that | wouldike to go through with you, in
addition to the brain activity study. Both sessionsvill take approximately one to two
hours. You can withdraw from the study at any timeand all of the information that we
collect about you will be kept completely confidenal. The information that we gather is
purely for research purposes, and is in no way diagstic.

*|f the person asks any questions about their memory
If you have any concerns about your memory, youisGRe best person to speak to.

| am going to ask you to complete some questionnas and mental tasks today. There are
eleven questionnaires to go through and they varyilength. The tasks measure thinking
and memory skills, and involve words, pictures anegiumbers. | will explain each one to
you before it begins.

If you want to stop at any time please let me knovgnd we can take a short break in the
middle of the session, if you would like. You areat obliged to continue if you don’t want
to. Any information you give me is strictly confidential, unless of course you are going to
harm yourself or someone else. As this is illegdlyould have to tell somebody. Your
name will not be linked to any of your results. Ths means that | won't be able to give
you any information about how you did.

Do you have any questions about the research so faAnswer any questions that have been
asked.

All of this is in the information sheet | sent youl have another copy here. Please take a
few moments to reread it.

Any guestions? OK?

CONSENT
Before we begin with the study and if you are stilhappy to go on, | will need you to sign
this consent form for me. It says that you agree ttake part in the research, that you are
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aware of your rights to confidentiality, that you an withdraw at any stage, and that |
have explained what is being asked of you.

Sign consent form.
This is your copy to keepHand participant the consent form.

*If the person wishes to withdraw:

Thank you for taking the time to find out more alibe study. Deciding not to participate
today does not mean you cannot participate indhiany other study in the future. We may
contact you in a little while to tell you about etrstudies we are conducting. If you like the
sound of any of them, we would love to hear from ftease remember, just let us know if
you change your mind about being contacted inuhgé.

To informant:

Please could you also sign an assent form? The fosays that you understand that your
relative has consenteddr not consenteddepending on participant’s respongeyou
answering some questions about their abilities, thaou have assented to their
participation in the study and that you're aware that they and you can withdraw from
the study at any time, without giving a reason.

Relative to sign assent form
This is your copy to keepHand the relative the assent form.

Here are the questionnaires that | would like you camplete for me. Please can you read
the instructions at the top of each one. If you havany queries, I'll answer them as soon
as | have run through the questionnaires with yourelative. Is that OK? Give the relative
the DEX questionnaire, and MARShere are two questionnaires that | would like to @
through with you and I'll do that at the end of thevisit, if that's OK?

MMSE

I’'m going to ask you some questions that assess younemory and thinking skills. Some

of the questions you may find simple, please dor¥e insulted it's how the questionnaire
is written and | have to ask everybody the same gstons. Some of the questions may be
a bit more challenging, please have a go at answegi every question. If you're not sure
about any of the questions, then just have a guess.

What is today’s date?

*If the person cannot give the correct date straagfgy then move straight on to the next
guestion. You can come back to an orientation guestyou think the person knew the
answer but was so nervous they could not get ifitbietime. Accept answers that are given
later. Sayif it comes back to you later, do let me knowFor any of the following questions,
if the person has any problems recalling the indram, give them a bit of thinking time
before moving onto the next question.
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What is the year?

What is the month?

What day of the week is it?
What season is it?

What is the name of this place?
What floor are we on?

What city are we in?

What county are we in?

What country are we in?

I’'m going to say some words. Listen carefully, angvhen | have said all of the words,
please repeat them to me. BALL, FLAG, TREE.

*If the person has problems recalling the words:

I'll say the words and then you repeat them, Q¥&peaBALL, FLAG, TREEIf appropriate
apologise for poor pronunciation. Repeat the wordg the person can correctly repeat them,
or stop after 3 trials. Use positive encouragemdrgnever appropriate.

I'd like you to do some mental arithmetic for me. $arting with 100, take away 7. Take
away 7 again, and again, keep going. Stop at 65.

*If the person initially refuses:

Are you happy to have a go? We can stop whenevewgat.If person is happy to try use the
prompt below. If person refuses again, move onki geestion.

** |f the person has problems, then take the last angwey have given and sand take
seven away from...dnd repeat unt5 or if the person is having difficulties move ofihe
next question.

I'd now like you to spell the word WORLD backwards.

*If the person asks for clarification of the wowlorld, as in the world we live in.

**|f the person spells WORLD forwards, sayow can you spell it backwards?WVrite down
a) WORLD, b) whatever backwards spelling they gavg, DLROW.

Score both serial 7s and WORLD backwards. USE THRIBL 7s SCORE.

Can you say the words that | asked you to repeat deer?

*If the person queries that you didn’t say earlet they needed to remember the words:
You're right, I didn’t tell you that you neededreamember the words!

What is this called?Show wristwatch.

And what is this called?Show pencil.

Please repeat this sentencePause and make eye cont&® IFS, ANDS OR BUTS.
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Listen carefully and then do as | say, | can onlyasy this once.Pause and make eye contact.
Take the paper in your right hand, fold it in half, and put it on your knee.

Read this sentence and do what it says&how CLOSE YOUR EYES.

*If the person looks unsure about task:

Read the sentence out loud for me?

**|f they read it but fail to perform task:

Do what it saysMove on if person is still having problems witlska

Please write a sentence for me?

*If the person requests clarification:

Write anything you like as long as it makes selig@u can’t read the writing, ask the person
to read out the sentence for you.

Copy this diagram for me?

*If the person looks unsure or refuses:

It doesn’t have to be perfect, just get all thensos in.If person refuses then move onto next
guestionnaire.

That's great thanks. Can | just ask when you startd and finished school?

Note the years of education. See below for MMSEoLiscores.

Age 9-12yrs 13+
60-64 25 26
65-69 25 27
70-74 24 25
75-79 24 25
80-84 21 25
85+ 22 24

*If the person scores less than the MMSE cut-afftf@ir age and level of education:

How do you feel about the questions that I've assted you? Do you still want to participate
in the study? Given the difficulties you’ve hadwiite simple versions of the questionnaires, |
don’t think this is an appropriate study for youtéde part in. The study is long and quite
challenging and | don’t want to cause you any sti@g asking you to complete complex and
difficult tasks and questionnaires.

*If the person has any queries about their memoesformance:

If you have any concerns about your memory, youisGRe best person to speak to.
Alternatively you can speak to my supervisor DmRla Bucks about any concerns you may
have.
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*If the person wishes to withdraw:

Thank you for taking the time to find out more alibe study. This does not mean you cannot
participate in other studies in the future. We roagitact you in a little while to tell you about
other studies we are conducting. If you like thergbof any of them, we would love to hear
from you.

MoCA

I’'m going to ask you some more questions that assegour memory and thinking skills.
Some of the questions you may find simple, pleasert be insulted it's how the
guestionnaire is written and | have to ask everyboglthe same questions. Some of the
guestions may be a bit more challenging, please haa go at answering every question. If
you’re not sure about any of the questions, then gt have a guess.

Please draw a line, going from a number to a letteéin ascending order. Begin hergoint
to 1and draw a line from 1 then to A and then to 2 ando on. End heregooint to E.

Scoring: allocate 1 point if the participant susfay draws the following pattern:
1-A-2-B-3-C-4-D-5-E, without drawing any lines trabss. Any error that is not immediately
self-corrected earns a score of 0.

Point to the cubeCopy this drawing as accurately as you can, in thgpace below.

Scoring: 1 point is allocated for a correctly exedudrawing.

» Drawing must be three-dimensional

* Alllines are drawn

* Noline is added

* Lines are relatively parallel and their lengthimiar (rectangular prisms are accepted)
A point is not assigned if any of the above-crdare not met.

Indicate in the right third space and give thedwaihg instructions:
Draw a clock. Put in all the numbers and set the the to 10 after 11.

Scoring: One point is allocated for each of théofeing criteria:

» Contour (1 pt.): the clock face must be a circlehvainly minor distortion acceptable
(e.g. slight imperfection on closing the circle)

* Numbers (1 pt.): all clock numbers must be presetiit no additional numbers;
numbers must be in the correct order and plac#iteimpproximate quadrants on the
clock face; Roman numerals are acceptable; nunta@re placed outside the circle
contour

* Hands (1 pt.): there must be two hands jointlyéating the correct time; the hour
hand must be clearly shorter than the minute hiaadgs must be centred within the
clock face with their junction close to the clo@ntre

A point is not assigned for any given element i ahthe above criteria are not met.

Beginning on the left, point to each figure and: Sastl me the name of this animal.

269



Scoring: One point is given for the following resges: (1) lion, (2) rhinoceros or rhino, (3)
camel or dromedary.

The examiner reads a list of 5 words at a rateneffger second, giving the following
instructions:

This is a memory test. | am going to read a list ovords that you will have to remember
later on. Listen carefully. When | am through, tellme as many words as you can
remember. It doesn’t matter in what order you say hem. Mark a check in the allocated
space for each word the participant produces ofirdterial. When the participant indicates
that (s)he has finished (has recalled of the woksgan recall no more words, read the list a
second with the following instructionsam going to read the same list for a second time.
Try to remember and tell me as many of the words agou can, including the words you
said the first time. Put a check in the allocated space for each wadubject recalls after
the second trial.

At the end of the second trial, inform the subjeet (s)he will be asked to recall these words
again by sayind, will ask you to recall those words again at thera of the test.

Scoring: No points are given for Trials One and Two

| am going to say some numbers and when | am throlg repeat them to me exactly as |
said them.Read the five number sequence at a rate of onepgigsecond.

Now | am going to say some more numbers, but wheraim through you must repeat
them to me in the_backwardsorder. Read the three number sequence at a rate of oie dig
per second.

Scoring: Allocate one point for each sequence ctyreepeated (the correct response for the
backward trial is 2-4-7).

The examiner reads the list of letters at a ratenefper second, after giving the following
instruction:

| am going to read a sequence of letters. Every tienl say the letter A, tap your hand
once. If | say a different letter, do not tap yourhand.

Scoring: Give one point if there is zero to on@esi(an error is a tap on a wrong letter or a
failure to tap on letter A).

The examiner gives the following instructidvow, | will ask you to count by subtracting
seven from 45, and then, keep subtracting seven froyour answer until | tell you to stop.
Give this instruction twice if necessary.

Scoring: This item is scored out of 3 points. Gine(0) points for no correct subtractions, 1
point for one correct subtraction, 2 points for #t@ethree correct subtractions, and 3 points if
the participants successfully makes four or fiveex subtractions. Count each correct
subtraction of 7 beginning at 45. Each subtradsogvaluated independently; that is, if the
participant responds with an incorrect number loutioues to correctly subtract 7 from it,
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give a point for each correct subtraction. For eplama participant may respond “37 — 30 —
23 — 16 — 9” where the “37” is incorrect, but albsequent numbers are subtracted correctly.
This is one error and the item would be given aesob 3.

The examiner gives the following instructiohgm going to read you a sentence. Repeat it
after me, exactly as | say ifpause]:l only know that John isthe oneto help today.

Following the response, sajjow | am going to read you another sentence. Repeiatfter
me, exactly as | say ifpause]:The cat always hid under the couch when dogs werein the
room.

Scoring: Allocate 1 point for each sentence colyegepeated. Repetition must be exact. Be
alert for errors that are omissions (e.g. omittioigly”, “always”) and substitutions/additions
(e.g. “John is the one who helped today”; substiguthides” for “hid”, altering plurals, etc.).

The examiner gives the following instructiofell me as many words as you can think of
that begin with a certain letter of the alphabet that | will tell you in a moment. You can
say any kind of word you want, except for proper nans (like Bob or Boston), numbers,
or words that begin with the same sound but have different suffix, for example, love,
lover, loving. | will tell you to stop after one mnute. Are you ready?[PauseNow, tell me
as many words as you can think of that begin withhte letter F.[Time for 60 seconds].
Stop.

Scoring: Allocate one point if the participant geates 11 words or more 60 seconds. Record
the participant’s response in the bottom or sidegma.

The examiner asks the participant to explain whaheoair of words has in common, starting
with the exampleTell me how an orange and a banana are alikéf. the participant answers
in a concrete manner, then say only one additioma: Tell me another way in which those
items are alike.If the participant does not give the appropriaspomseffuit), say:Yes, and
they are also both fruit. Do not give any additional instructions or claréftions.

After the practice trial, sajsow, tell me how a train and a bicycle are alikefFollowing the
response, administer the second trial, sayayv tell me how a ruler and a watch are
alike. Do not give any additional instructions or prompts

Scoring: Only the last two item pairs are scorede@ point to each item pair correctly
answered. The following responses are acceptable:

Train-bicycle = means of transportation, meansadfdlling, you take trips in both
Ruler-watch = measuring instruments, used to measur

The following responses are NOT acceptable: tragebe = they have wheels, ruler-watch =
they have numbers.

The examiner gives the following instructidmead some words to you earlier, which |
asked you to remember. Tell me as many of those was as you can rememberMake a
check mark (tick) for each word correctly recalggmbntaneously without any cues, in the
allocated space.
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Scoring: Allocate 1 point for each word recalleelly without any cues

Take orientation responses from the answers giveviqusly in the MMSE to avoid repeating
the same questions.

Total Score: Sum all subscores listed on the tiginid side. Add one point for an individual
who has 12 years or fewer of formal educationafpossible maximum of 30 points. A final
total score of 26 and above is considered normal.

*If the person scores less than the cut-off:

How do you feel about the questions that I've aséted you? Do you still want to participate
in the study? Given the difficulties you’ve hadwiite simple versions of the questionnaires, |
don’t think this is an appropriate study for youtéde part in. The study is long and quite
challenging and | don’t want to cause you any sti@g asking you to complete complex and
difficult tasks and questionnaires.

*If the person has any queries about their memopeoformance:

If you have any concerns about your memory, yoursGRe best person to speak to.
Alternatively you can speak to my supervisor DmRla Bucks about any concerns you may
have.

*If the person wishes to withdraw:

Thank you for taking the time to find out more alibe study. This does not mean you cannot
participate in other studies in the future. We ramgtact you in a little while to tell you about
other studies we are conducting. If you like thergbof any of them, we would love to hear
from you.

PARTICIPANT DEMOGRAPHIC FORM (Younger adults)

I'm going to ask you some questions about yoursedind your health.
What is your date of birth?

What is your ethnic group?

Are you right or left handed?

What is your occupation (or previous occupation)?

How old were you when you started school?

How old were you when you left school:

Did you have any further education?

Do you wear reading glasses?

Do you wear a hearing aid? Does it whistle at all?

Are you currently on any medication?

How long have you been taking your medication?

Have any of your tablets or any doses changed ingHast 3 months?
Do you have any medical conditions such as epilegsy

Do you have any skin conditions or sensitive skin?

Have you ever been treated for depression or anylér mental health problem?
Have you ever had a head injury?
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Do you have any mobility problems? E.g. a walkingid or wheelchair.
Do you have any experience of using computers?

*If the person has epilepsy:

I’'m really sorry but you won'’t be able to take partthe study. This is because the ERP study
includes flashing stimulus and we have strict ci@t@bout who can take part in the study. It

is unethical of us to put you at any risk whatsoeNe like to thank you for your time and for
your interest in the study.

*If the person has a diagnosed skin condition:

I’'m really sorry but you won'’t be able to take partthe study. This is because we use a gel
for the EEG recording that a small number of peapie allergic to and we have strict
criteria about who can take part in the studyslunethical of us to put you at any risk
whatsoever. I'd like to thank you for your time dodyour interest in the study.

*If the person has sensitive skin:

A small number of people are allergic to the gelttlve use for the EEG recording. If you're
happy to take part in the study | will do a skisttat the first visit to see if we can use it on
you. The ingredients of the gel are water, alummmxide, 1,2 propanediol, sodium
polyacrylate, methylparaben, propylparaben, FD &(@e 1, FD & C Red 40 and FD & C
Yellow 5.

*If the person has any of the conditions on theckhst:

I’'m really sorry but you won'’t be able to take partthe study. This is because the EEG is
very sensitive and we have strict criteria abowutuding people witligive health condition].
I'd like to thank you for your time and your intstén the study.

*If the person has uncorrected hearing problens whistling hearing aid:

I’'m really sorry but you won'’t be able to take partthe study. This is because one of the
tasks in the ERP study is an auditory one, in wimin need to carefully listen to a series of
tones. I'd like to thank you for your time and yawur interest in the study.

*If the person has uncorrected vision problems:

I’'m really sorry but you won’t be able to take partthe study. This is because there are a
number of tasks in the ERP study that require yancentrating on visual images and
responding to them quickly. I'd like to thank youyour time and for your interest in the
study.

*If the person has started any CNS medication énlaist three months:

I’'m really sorry but you won'’t be able to take partthe study at the present time. This is
because we have strict criteria about who can ade in the study. Because you have started
taking medication in the last three months, we nieasait until you have been taking it for
three months. If you are still happy to take parit OK if | give you a call to rearrange a visit
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once you have been taking the medication for thresths? I'm really sorry to have
inconvenienced you.

*If person queries the three month period:
This is a standard procedure and it is so that ymdication is stable.

*If the person has stopped taking CNS medicatiothélast three months:

I’'m really sorry but you won'’t be able to take partthe study at the present time. This is
because it is part of our study criteria that pemphve a wash-out period of three months
after stopping taking medication. This is so tlna tnedication is completely out of your
system before you take part. I'm really sorry tedr@aused you any inconvenience. If you are
still happy to take part, is it OK if | give youcall to rearrange a visit once you have not been
taking the medication for three months? I'm realtyry to have inconvenienced you.

The Autobiographical Memory Interview

Are you happy for me to tape record the next questinnaire? | would like to tape it
because it's all about your life and rather than t&e notes, I'd like to listen to you. It is an
interview in which | am going to ask you questionsibout your earlier life. The questions
will concern your school days, early adult life, ad more recent times. If you are ready
we will begin.

What is your full name?

Your date of birth?

How old are you?

Where were you born?

1.1 Where did you live before you went to school?

1.2 Name three friends or neighbours from before yowent to school.

Al Tell me about an incident before you went to saol? You may use the prompt¥our
first memory?” or “Involving a brother or sister?”

2.1 What was the name of the first school you atteled?If the person attended several
schools between the ages of 5 and 11, the defailslypthe first one are required.

2.2 Where was this schoolTown or city is sufficient.
2.3 How old were you when you started at this schtfb
2.4 Where did you live when you started at this s@ol? This may or may not be the same

as the answer given for question 1.1. Repeatedaassshould be checked as far as possible
for correctness.
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2.5 Name three teachers or friends from this schodlt is not acceptable for the subject to
repeat the names of friends previously given. Yay nse the prompthe headteacher?”
or “Your form teacher?” or“A friend?”

A2 Tell me about an incident which occurred while gu were at primary school?You
may use the prompt#volving a teacher?”, or “Involving a friend?” If it becomes evident
that this memory is from a later period (e.g. seleoy school), the memory is unacceptable.

3.1 What was the name of the secondary school yoemt to? If the person attended several
secondary schools ask which one was attended weesubject was 13 years old. If the
person only ever attended one school, it can beeddwice if correct, but separate incidents
must be given for primary and secondary school) aviotal of six names of friends and
teachers.

3.2 Where was this secondary schoollown or city is sufficient.

3.3 How many examinations did you pass when you fshed secondary school3pecific
subjects and grades are not required. Examplescep#able responses: “Two A levels” or
“five O levels” or “Didn’t get any”.

3.4 What was your address when you started at thsecondary school?his may or may
not be the same as the answer given for 1.1 and 2.4

3.5 Name three teachers or friends from this secoady school.You may use the prompts
“The headteacher?”or “Your form teacher?” or “A friend?” It is not acceptable for the
person to repeat the names of friends previousigmgi

A3 Tell me about an incident which occurred while pu were at secondary schoolYou
may use the prompttvolving a teacher?” or “Involving a friend?” If it becomes evident
that this memory is from a different period (e.g- 51 years), the memory is unacceptable.
4.1 Did you obtain any qualifications after leavingsecondary school?

4.21F YES: Tell me the name of the course and the name of thestitution?

IF NO: Tell me what your first job was and the name of thdirm or organisation that
you worked for?

4.3 What was your address when you obtained the gligcation(s) or started your first
job? A repeated address should be checked for accuracy.

4.4 Name three friends or colleagues from this pesd in your life. You may use the
prompts‘The Principal?” or “The boss?”, “The tutor/lecturer/teacher?” or “Your
foreman?”, “Any class-mates?”or “Any work-mates?” It is not acceptable for the person to
repeat the names of friends given previously.
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A4 Tell me about an incident from college or from gur first job? You may use the
prompts*Your first day at work or college?” or “An incident with a friend?” If the person
has never been employed or had a formal trainieghie should be asked for an incident from
the first few years after leaving school. If it bewes evident that this memory is from a
different period (e.g. while the person was inttfieities), the memory is unacceptable.

5.1 Were you married in your late teens, twentieyr thirties?
IF YES:When did you get married and where the marriage cesmony was held?Town or
city is sufficient.

IF NO: What was the name of someone else’s wedding thatwattended during your
twenties and where did this marriage ceremony takplace?Town or city is sufficient.

5.2 What was your address before this wedding?

5.3 What was your address immediately after this wadling? If the person repeats the
address given in 5.2, the interviewer should ctibekthe address had not changed.

5.4 What was the name of the best-man from this welithg? If there was no best-man, the
name of a guest is sufficient.

5.5 What was the name of a bridesmaid from this weting? If there was no bridesmaid, the
name of a guest is sufficient.

5.6 What was the maiden name of the bride from thisvedding?This may, of course, be
the person’s maiden name.

A5 Tell me about an incident from this wedding or fom any wedding which you

attended in your twenties?You may use the promptan incident involving a guest at the
wedding?” or “An incident at the reception?” As in other Autobiographical incident
guestions it is particularly important to ask tleggmn to give details of a specific incident
rather than a general description of the weddinghé rare instances in which a person may
have never attended a wedding (e.g. very young siampatients), a score may have to be
obtained by averaging the person’s scores for AlAh However, this should be avoided if
at all possible.

6.1 What is the name of your first childAVhere the person does not have any children, he or
she should be asked about a niece or nephew lorgftnat, the child of a close friend.

6.2 What is the birth date of this child?The year is sufficient. In the case of a nephew,
niece, or child of a close friend, the age of thiégdcis acceptable.

6.3 Where this child was born?Town or city is sufficient.

6.4 What is the name of your second child®here the person does not have a second child,
he or she should be asked about a niece or negingfajling that, the child of a close friend.
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6.5 What is the birth date of this child?The year is sufficient. In the case of a nephew,
niece, or child of a close friend, the age of thiégdcis acceptable.

6.6 Where this child was born?Town or city is sufficient.

A6 Tell me about a first encounter with someone wke in your twenties?The first
encounter with the spouse is acceptable. You mayhespromptéMeeting someone in an
interview?” or “Meeting someone on holiday or at work?”

7.1 Where we are’Hospital, research institute or own home.

7.2 What is the location of this placeTown or city is sufficient.

7.3 What was the date when you moved to this locati? Month required, if arrived within
the last 12 months. Otherwise, year only is sufiti

7.4 What is your current address?
7.5 Name three current neighbours or colleagues.

A7 Tell me about an incident from a previous hospdl visit? You may use the prompts
“Involving the other patients?” or “To do with the doctors or nurses?”

8.1 What is the name of the last hospital which yoattended or visited?Failing this, ask
the person for the name of the last doctor, deatisptician he or she visited within the last
five years.

8.2 Where is this hospital, or practitioner?Town or city is sufficient.

8.3 What was the date of this hospital visitRonth is within the last 12 months. Otherwise,
year is sufficient.

8.4 What was your address when you attended or vied this hospital, or practitioner?

8.5 Name three friends, colleagues or acquaintancesnnected with this hospitallf this is
inappropriate, ask for the names of three people dve visited the person in the last year.

A8 Tell me about an incident involving a relative ovisitor in the last year?

A visit to the person’s home is acceptable. You msg the prompt8 visit by or to a

relative?” or “Involving some news about a relative?’Any visit by a relative or friend to

the person’s home is acceptable, and again thempéer®ncouraged to produce a memory of a
specific incident, rather than a general descriptiche prompts allow the person to produce a
memory about a vistb a relative, or to reportewsabout a relative. What is required is recall
about an incident involving the chosen person dyutte last year.
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9.1 Where did you spend last ChristmasParticipants should be questioned about another
major religious festival should this be appropriaté¢heir culture.

9.2 Name one person with whom you spent last Chrisias.

10.1 What was the name of a place that you visitezh a holiday or went on a journey last
year? If necessary, a place visited in the last five gaamacceptable. The name of a town or
city is acceptable.

10.2 When did this holiday or journey take place? it took place in the last year, the month
is required. If it took place in the last five ysathe year or number of years ago is sufficient.

10.3 Name one person who accompanied you on thididay or journey. Any person who
has accompanied the participant on a holiday angyis acceptable.

A10 Tell me about an incident which took place whé& on any holiday or journey within
the last year?Or five years if necessary. You may use the proriitghe place you
visited?” or “Involving someone you met?”

Excellent, thank you.
Rosenberqg Self-Esteem Scale

This is a short questionnaire about how you see ymelf. Please read the instructions at
the top. Give the person the RS-ES to complete.

Answer any queries the person may have. If theopdmoks fatigued, offer to take a break. If
the person requests help with completion, facditay reading through the questions, and if
necessary using the prompts, for examfde:what do you think?’or “there’s no right or
wrong answers, we're interested in what you think”.

Excellent, thanks.

HAD Scale
We’ll now move onto a questionnaire that's about har you've been feeling in the last
week. Please read the instructions at the toive the person the HAD Scale to complete.

Answer any queries the person may have. If theopdoks fatigued, offer to take a break. If
the person requests help with completion, facditag reading through the questions, and if
necessary using the promptso what do you think?’or “there’s no right or wrong answers,
we’re interested in what you think”.

Thanks, that's great.
NART

I’'m going to show you some words, and I'd like youo say them out loud for me. Some of
the words are quite unusual, but have a go evenybu’re not sure how to say them. In
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fact many people don’t know all the words. Don’t wary if you don't, it's OK to have a
guess.

Answer any queries the person may have. If theopdoks fatigued, offer to take a break.

Metamemory In Adulthood

The next questionnaire is a long one and takes geitawhile to complete, if you're happy
for me to do so, is it OK if | leave it with you tocomplete before our next visitaf person
agrees to complete MIA in own time move onto theRVA

If the person is happy to complete the MIA durihg interview:!'d now like you to fill out a
guestionnaire about how you use your memory and howou feel about it. Please read the
instructions on the first page.Give the person the MIA to complete.

Answer any queries the person may have. If theopdoks fatigued, offer to take a break. If
the person requests help with completion, facditag reading through the questions, and if
necessary using the promptso what do you think?’or “there’s no right or wrong answers,
we’re interested in what you think”.

Excellent, thanks. OK we’ll move onto something aibdifferent.
Pyramids and Palm Trees (Three Pictures)

Here are three pictures. You have to decide whichne of these two at the bottom goes
with the one at the top. Is it this one or this onePoint to each picture as appropriate.

On the first practice triad, if the person respocaisectly, the examiner should say:
That's right, they go together because a waistcoaind a bow tie are both worn by men.
If the person responds incorrectly, the examineukhsay:

No. The bow tie goes with the waistcoat because thare both worn by men.

For the second practice triad, the examiner sheayd
Now try this one. Which of these two pictures goesith the one at the top?

If the person responds correctly, the examiner lsheay:
That'’s right. They go together because they pour bm a bottle into a glass.

If the person responds incorrectly, the examings:sa
No, it's this one. You normally use a glass with hottle.

Then proceed to the third practice item, sayingraga
Now try this one. Which of these two pictures goesith the one at the top?

If the person responds correctly, the examiner:says
That'’s right. They go together because both a clowand a lion can be found at a circus.
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If the person responds incorrectly, the examings:sa
No, it's this one. They go together because you frboth a clown and a lion at a circus,
but not a giraffe.

With some participants, these instructions may riedst supplemented with further help and
instruction by example on the practice triads yoaind make sure that the participant has the
idea of what is involved. With some participantsdy help to present the test as a game of
guessing the connection between the items thaegteompilers had in mind.

On the test trials, no feedback is allowed. Panéints will sometimes want to say that the two
choice items go together; these responses ardlowed. The experimenter should reiterate
that: You have to choose which of these two goes with thee at the top If the person is
unsure, he or she should be strongly encouraggdess. When a person completely refuses
to respond to a triad, it should be given a chawcee — 0.5. All 52 test triads should be
attempted.

That'’s great, thanks.

The DEX Questionnaire

This questionnaire is about some of the thinking diiculties people sometimes
experience. Please read the instructions given dtd top.Give the person the DEX to
complete.

Answer any queries the person may have. If theopdmoks fatigued, offer to take a break. If
the person requests help with completion facilitgteeading through the questions and if
necessary using the promgtso what do you think?’or “there’s no right or wrong answers,
we’re interested in what you think”.

Thanks.

Ability Scale 1 (MARS)

May need to explain need for this scale to yourger older adult controls:

This questionnaire has been designed for people mémory impairments, so that’'s why
there are the smiley faces!

I’m going to give you some examples of everyday sétions where you might need to use
your memory. | want you to think about your own menory, as it is now, and tell me how
you think you would manage in that situation. | wan you to choose the answer which
best describes how you would do. The answers are tire card here. These are the
situations:

1. You meet someone and are told their name. Lat®n you meet them again, and you

need to remember their name.
2. You have made an appointment. You need to remerabto go along.
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3. You have promised to do something later in theay. You need to remember to do it at
the right time.

4. You have got a set of items to sort out, some which you have seen before and some
of which are new to you. You need to pick out therees you have seen before.

5. You hear a news item on the radio.
(a) One of your family comes in at the end and ask®u what was said.
(b) Later on — say half an hour later — someone esasks you what you heard.

6. You meet up with a group of people. Some of theyou've met before, others you
haven’t. You need to recognise which ones you've inaefore.

7. You go to a new building and you are learning téind your way around. Someone
shows you a short route which you will need to rermeber.

(a) You need to retrace the route immediately.
(b) You need to retrace the route again later on say half an hour later.

8. You have been given a message to deliver to same. You need to remember to give
that person the message when you see them.

(a) You see them right away.
(b) You see them later on.

9. You are being asked to give some information abbyourself, such as your age,
address, date of birth and so on, and to answer aW basic general knowledge questions.

10. Someone asks you for today’s date.
That'’s great, thanks a lot.

Raven Standard Progressive Matrices Sets A to D

It is not necessary to stick rigidly to any partesuvording. The key requirements are, first, to
make sure that those taking the tests understanttivby are to do and the method of thought
required to solve the problems. Second, to ensatetie tests are administered in the same
way to all who are to be tested, and that the ghoiceadopted corresponds to that used when
collecting any reference data with which the reswil be compared. Beyond these
requirements, a wide variety of options is possible

Open the booklet at the first problem, Al.
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Look at this. Point to the upper figur&ou see, it is a pattern with a piece cut out of.it
Each of these pieces belowpoint to each piece in turnis.the right shape to fill the space,
but only one of them is the right pattern. Number 1is the right shape, but is not the right
pattern. Number 2 is not a pattern at all. Number 3is quite wrong. Number 6 is nearly
right, but is wrong here. Point to the white piece in Number@®@nly one is right. You point
to the piece which is correct to complete the patte.

If the person taking the test does not point toridjet piece, continue your explanation until
the nature of the problem is clearly grasped. TarRroblem 2.

Now point to the piece which goes in herdf the person taking the test fails to do so
correctly, re-demonstrate Problem 1 and requesh agaanswer for Problem A2.

If the problem is solved correctly, turn to Probl8rand proceed as before.

At Problem 4, before the person taking the testiinaes to point to one of the piecet.ook
carefully at these piecesMove your fingers over the piec&3nly one of these pieces is
right to complete the pattern. Be careful. Look atach of the six pieces firstPoint to each
of the six piecedNow you point to the right one to go in herePoint to the space.

When the person taking the test has pointed tabtiee pieces, whether it is right or nols..
that the right one to go in heref the person taking the test says “yes”, accepictioice
with approval, whether right or wrong. If he or shishes to change the choicll.right.
Well, point to the one that is right. Whether the answer is right or wrong agais.that the
right one? If the person taking the test is satisfied, whetherchoice is right or wrong,
accept that choice, but if there still seems tadebt.. Well, which do you really think is
the right one?Make note of the number of the final choice in ¢berect part of the answer
sheet (Easy-Score answer sheet — put a singlelsteothrough the number).

Demonstrate Problem A5 in the same way as Problem 4

At any stage between Al and A5, Problem Al candeel to illustrate what has to be done,
with the request that the person taking the tgsagain.

If these five problems are solved, turn to A6.

Look at the pattern carefully. Now which of these feces..point to each in turn.goes in
here?Point to the space that needs to be filel.careful, only one is right. Which one is
it? Be sure you find the right one before you pointo it. Record the answer finally given.

Present each problem, giving the same instructigrieng as they serve a useful purpose.

*If the person taking the test is concerned abanbmdefects in the drawings, assure them
that they do not need to worry.
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**|f the person taking the test seems to get stutla particular item, suggest that they move
on and see if they can do the later problems aenl tbme back to the problem that is causing
difficulties.

***|f in order to make progress, it seems necegsardo so, ask the person taking the test to
guess as guesses are sometimes cofrect

At the end of Set A, demonstrate the first probtdrSet B, again pointing in turn to each of
the 3 figures on the pattern and the space tdlbd.fi

You see how it goes. That. That. That. What will t/s one be? Point to the right one of
these to go here. Be careful. Look at each one iarh. Only one is right. Which one is it?

In Problems B1 to B5, after the person taking &t has pointed to one of the pieces, whether
it is right or wrong..ls that the right one to complete the patternPoint to the pattern and
the space to be filled. As before, if the answéyes”, accept (and record) the choice with
approval. If the person taking the test wishesh@nge the choice, proceed as in Set A, and
accept the one finally adhered to as right.

For the sixth problem the person taking the tesukhnot be asked if the answer chosen is
right. Simply.. Look carefully at the pattern. Point to each of the figures in turn and the
space to be filledBe careful. Only one of these pieces completes thattern properly.

Point to each in turiiVhich one is it?Record the final choice on the answer sheet elither
writing the number on the piece chosen next tgtisblem number, or, in the case of the
Easy-Score answer sheet, putting a short singéethirough the number of the selected piece.
If a mistake has been made, or the person takmgest wants to change his or her answer,
put a cross through the incorrect answer, andwhéa (Easy-Score answer sheet — put a
single line through) the number of the final choibe not try to rub out the incorrect answer.

The same guidance can be given with each remamoigem of Set B as long as it serves a
useful purpose. Continue with Sets C and D.

OK, that’s all of the questionnaires that I'd like to go through with you today. Are there
any questions you would like me to answer, or anythg you would like me to go
through? Answer any queries the person may have.

TO INFORMANT: Is it OK if | go through the questionnaires with yau? Check the DEX
and MARS have been completed.

Cornell Scale
I'd like to ask you some questions about your rel&te.

Has your relative been anxious in the last weeki? necessary give promptanxious
expression, ruminated or worried?

Has your relative been sad in the last weekl? necessary give promptsad expression, sad
voice, tearfulness?

Has your relative had a lack of reactivity to pleaant events in the last week?

283



Has your relative been irritable in the last week3f necessary give promptsasily
annoyed, short tempered?

Has your relative been agitated in the last weekl? necessary give prompteestlessness,
hand wringing, hair pulling?

Has your relative had slow movements, slow speechslow reactions in the last week?
Has your relative had multiple physical complaintsn the last week?

Has your relative shown a loss of interest is usuaktivities in the last week?

Has your relative had loss of appetite in the lasveek?

Has your relative lost weight in the last week?

Has your relative had a lack of energy in the lasiveek?

Has your relative had mood variations during the dg in the last week?

Has your relative had difficulty falling asleep inthe last week?

Has your relative had multiple awakenings when slgeng in the last week?

Has your relative woken up earlier than usual in tle last week?

Has your relative said that they feel like life ishot worth living in the last week?

Has your relative been self-depreciating in the lasveek?If necessary give promptself-
blame, poor self-esteem, feelings of failure?

Has your relative been pessimistic in the last we@k

Has your relative been delusional in the last weeki? necessary give promptdelusions of
poverty, iliness, loss?

RAID

Has your relative worried about their health in thelast two weeks?

Has your relative worried about their cognitive peformance in the last two weeks™
necessary give prompf&iling memory, getting lost when they go out?

Has your relative worried over finances, family prdlems or the physical health of
relatives in the last two weeks?

Has your relative been worried with false beliefs ad/or perceptions in the last two
weeks?

Has your relative worried over trifles in the lasttwo weeks?

Has your relative been frightened and anxious in ta last two weeks?f necessary give
prompts:Keyed up and on edge?

Has your relative been sensitive to noise in thedatwo weeksaf necessary give prompts:
Exaggerated startle response?

Has your relative had sleep disturbances in the lasvo weeks?If necessary give prompts:
Trouble falling or staying asleep?

Has your relative been irritable in the last two weks?If necessary give promptsore
easily annoyed or usual, short tempered and angryutbursts?

Has your relative trembled in the last two weeks?

Has your relative complained of headache, and/or ber body aches and pains in the last
two weeks?

Has your relative been restlessness in the last twmeeeks?If necessary give prompts:
Fidgeting, cannot sit still, pacing, wringing handspicking clothes?

Has your relative been fatigued and tired in the lat two weeks?

Has your relative complained of racing heart or thunping heart in the last two weeks?
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Has your relative complained of a dry mouth or a siking feeling in the stomach in the
last two weeks?

Has your relative hyperventilated or had shortnes®f breath (even when not exerting) in
the last two weeks?

Has your relative complained of dizziness or lightieadedness in the last two weekdf?
necessary give promptSomplains as if going to faint?

Has your relative complained of sweating, flushesrehills, tingling or numbness of
fingers and toes in the last two weeks?

That'’s great, thank you for your help.

Can I just confirm our next visit? Check time and date and give person the second
appointment letter if applicablére you OK getting to the University? Give person map
and directions if necessarihere is free parking for 2 hours in the roads neacampus, or
if you prefer | can organise a visitor's permit for the University car park. | can also pay
travel expenses to the University if you are not ¢oing by car.

Show the person the red arrow and the green akidvait colour is this? And this? Thank
you. They are examples of the arrows that you willee in the ERP session.

Is it OK if I do a skin test with the gel we use irthe ERP session? This is just to make
sure that we can use it on you. | will put a smathmount on your skin. If you feel any
itching or redness, let me know and we’ll stop stright away.

*If the participant refuses:

Unfortunately the use of the Nuprep is necessarthlnEEG recording.

*If the participant would like further clarificatro

In order to be able to pick up a good clear elazdtisignal, the skin must be free from any
skin oils. The gel helps do this.

*If the person decides to withdraw:
Thank you for your time and for taking interesthe study. If you change your mind about
participation, you can contact me on the numbetheninformation sheet.

*If the participant has angedness or itching. Stop immediately:

Unfortunately you won'’t be able to take part in gtedy, as the use of the gel is necessary for
the EEG recordingln order to pick up the electrical signals, therskiust be free from any
skin oils. I'm very sorry if | have caused you amgonvenience, if you are still interested, |

can send you a summary of the findings from thaystu

Is it also OK if | take your head measurements? I'dike to do this at this visit, so that |
can prepare the cap before your next session. | meéo measure the circumference of
your head, from ear to ear and from your eyebrowsd the back of your head. This is so
that | use the right size cap and so that the leadsvhich go through these holes) are over
the right areas of your head.

285



Measure the circumference of head, ear to earrand riasion to inion.
That's great. Thank you for your time and | look forward to seeing you again.

SECOND VISIT: ERP VISIT 1

With attending relative, make sure they are sat tieamirror in the ERP room, so that they
cannot intervene in either the ERP study or ther lateryday tasks. Document their presence
in the lab book

Please can you take a seat here.

It may be necessary to remind participants of ifs¢ ¥isit and what was done:

Last time we met, you were kind enough to answer t® of questions about your mood,
thinking skills and your memories of your life. Today we are going to be doing some very
different tasks using the computer.

We'll start with an auditory task during which you’ Il listen to a series of tones and then
we have a number of arrow tasks which you will besked to respond to. The tasks take
about 30 minutes to complete. Don’t worry about howou're doing on the tasks, as
they’re designed to be a little bit difficult. If the tasks were too easy then everyone would
do really well and not tell us anything interestind After the computer tasks, | have a few
everyday tasks that | would like you to complete.

Before we start, | want to check that you are stilhappy to continue in the study and that
you are still happy for me to videotape the sessioRlease remember, you can withdraw
from the study at any time, without giving a reason

*If the person decides to withdraw:

Thank you for taking the time to come to the Ursigrand for taking interest in the study. If
you change your mind about participation, you cantact me on the number on the
information sheet.

Are there any questions you would like me to answ@rOr anything you would like me to
go through before we start?

Are you comfortable? Would you like a drink? Pleasecan you turn off your mobile.

Did you have any redness or itching from the skingst that | did when | saw you last?

*If yes:

Unfortunately you won'’t be able to take part in gtedy, as the use of the gel is necessary for
the EEG recordingl’'m very sorry if | have caused you any inconveogrif you are still

interested, | can send you a summary of the firedirgm the study.

*If no:
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I'd like to repeat the skin test, just to make abslutely sure that | can use it on you.

*If the participant refuses:
Unfortunately the use of the Nuprep is necessarth®dEEG recording. It is unethical of us to
put you at any risk whatsoever and | want to beohltsly sure that | can use the gel on you.

*If the participant would like further clarificatio

In order to be able to pick up a good clear elamtisignal, the skin must be free from any
skin oils. The gel helps do this.

*If the person decides to withdraw:

Thank you for your time and for taking interesthe study. If you change your mind about
participation, you can contact me on the numbeth@information sheet.

*If the participant has angedness or itching. Stop immediately:

Unfortunately you won'’t be able to take part in #tedy, as the use of the gel is necessary for
the EEG recordingl’'m very sorry if | have caused you any inconveogrif you are still
interested, | can send you a summary of the firedirgm the study.

Hearing Assessment
Make sure the audiometer has been tested pricegavith participants.

Do you have hearing better in one ear than the otlh@ Make note of response.

| am going to test your hearing by measuring the getest sounds that you can hear. As
soon as you hear a sound, press the button (or raiyou finger). Whatever the sound and
no matter how faint the sound, press the button (oraise your finger) as soon as you
think you can hear it.

Are you OK with the instructions? Please rememberhat we can stop whenever you
would like to. If you have tinnitus, please try toignore it as much as possible. If you have
any difficulty telling between the sound and the tinitus, please let me know.

Before putting the earphones on the person’s Heladse don’t hold or move the
headphones once I've put them on you, if you wanotstop, please tell me and we’ll stop
straight away. Place the earphones on the pergoe:they on comfortably? Adjust if
necessary.

Start with the better-hearing ear (if applicabledl at the frequency of 1000 Hz. The duration
of the presented tone should be varied between Baeconds. The timing must not be
predictable.

To ensure the person is familiar with the tasksent a tone of 1000 Hz that is clearly audible
(at 40 dB). If there is no response at this leweliease the level of the tone in 20 dB steps
until a response occurs. If the tone is still inaledat 80 dB, increase the level of the tone in 5
dB steps until a response occurs, taking care tatorathe person for discomfort.

If the responses are consistent with the tone ptasen, the person is familiarised with the
task. If not, repeat. If after this repeat, thesponses are unsatisfactory, re-instruct the person
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Method for finding threshold

Following a satisfactory positive response, redhedevel of the tone in 10 dB steps until no
further response occurs.

Increase the level of the tone in 5 dB steps antdsponse occurs.

Continue to decrease the level by 10 dB and inerbg$ dB until the person responds at the
same level on two responses on the ascent areteepea

Proceed to the next frequency, starting at a gleartlible level and use a 10 dB down, 5 dB
up sequence until the threshold criterion is satisfRepeat familiarisation if necessary.

The test order is 1000 Hz, 1500 Hz, 2000 Hz andH00

*If the person has a hearing level of 25 dB or tgeghotocopy the audiogram and inform the
person:

One of the Doctors advising our studies has saadl &imyone who has a hearing level of 25 dB
or more should take this audiogram to their GPni aot medically trained and this test is not
diagnostic, so all I can recommend is that you gd see your GP with the audiogram and
ask for a hearing test.

Please fill out this quick questionnaire about howou're feeling right now.
Hand the person the clipboard with the PANAS on it.
Thanks a lot.

This is the cap | would like to place on your headhe leads are attached where the holes
are.

Do you want to use the bathroom at all? The cap wibe on your head for about an hour.
But we can take it off any time you want. | need talraw a dot on your head so that | can
place the cap correctly, is that OK?

Measure Cz and draw a dot.

*If the person wears glasses:

Please can you remove your glasses whilst | putdipeon. Is it OK if your glasses stay off
whilst | sort out the leads?

If the person wants their glasses back on, let thedrequest they be removed whenever
necessary.

I’'m going to pull the cap down and fit it over your ears. | also need to use the chest strap,
is that OK? Please could you lift up your arms forme? Is the strap comfortable?Adjust
if necessaryl’m just going to attach the cap to the chest strapHow does that feel?

*If the person says the cap is too tight:
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The cap needs to be tight to your scalp in ordetHe electrical signals to reach the leads, if
the cap were looser then we wouldn’t be able tom@any electrical activity.
Take a break if necessary and talk through anyeroisdhe person may have.

**|f the person decides to withdraw:

Thank you for taking the time to come to the Ursigrand for taking interest in the study. If
you change your mind about participating, you cantact me on the number on the
information sheet.

It's OK if you want to move your neck and shouldersso that you don'’t get stiff. You can
try gently rolling your shoulders, and stretching axd shaking your arms out.

I’'m going to clean either side of your eyes and uretneath your right eye, so that | can
place some leads in those positions. This is so thée can record eye movements. | need
to use some sticky tape to keep the leads in plagethat OK?

Place VEOGL, VEOGR and HEOGI. Plug in the leads.

*If the person doesn't like the eye leads:

We need to measure eye movements because eye mioskbects the EEG recording. We
can't use the EEG recording if it is affected bg @yovement.

Take a break if necessary and talk through anyermisdhe person may have.

**|f the person decides to withdraw:

Thank you for taking the time to come to the Ursigrand for taking interest in the study. If
you change your mind about participating, you cantact me on the number on the
information sheet.

Just remember, if you would like me to stop, we caat any time, it only takes a minute to
remove the cap and the leads.

Open the montage on the PC. (Acquire, Open, lodkymAmps2, CassieSyn2.ast,
Acquisition, Impedance).

I’'m going to clean where each of the holes are artlen place the conductive gel into the
holes with a syringe Show syringePlease let me know if you feel uncomfortable.

Clean holes and place gel in holes ensuring impesdaare kept below @

*If the person doesn't like the process:
I need to make sure that the leads can pick uglirical signals, and this is done via the

gel.

Take a break if necessary and talk through anyeroisdhe person may have.
**|f the person decides to withdraw:
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Thank you for taking the time to come to the Ursigrand for taking interest in the study. If
you change your mind about participating, you cantact me on the number on the
information sheet.

Close montage and open recording file. (Green amovcquire toolbar). For each
participant a new folder is required and each taslaved within that folder.

How does that feel? Can you blink for a few timesoir me, please? And can you move
your eyes from side to side, like you're watching g&ennis match. Great, thanks. You need
to keep your head as still as possible during thecaal computer tasks. It's OK if you
want to move your neck and shoulders between eacask so that you don’t get stiff. Try
gently rolling your shoulders and stretching your ams out. If you like, I'll remind you
every now and then when it's a good time, and genaty when I’'m speaking to you it's a
good time to have a stretch. | just need you to kpeyour head still when you’re actually
doing the tasks. Thanks.

I’m going to turn on the video recorder, is that atight?

Open Save box and name file as participant iniial$ participant number and Eyes Closed
(.cnt).

Go over to the other PC and open experiment SedsioPresentation, go to Logdfiles and set
to append counter with participant number, retor&xperiment and enter participant code
when prompted. When ‘ready’ appears on screen,insadictions.

I would like to record for just a few minutes with you doing nothing. We need to record
two minutes with your eyes closed and two minutesith your eyes open. This provides us
with baseline data against which we can compare yoelectrical signals whilst you are
doing the actual tasks. Right, please close your@&s? You can think anything you like.

I'll tell you when I'd like you to open them. OK? Go.

Start EEG recording. Press ‘enter’ followed by $pace bar for the port code in the .cnt file.
Stop after two minutes.

You can open your eyes now. That's great, thank3ype in next task Eyes Open.

I'd like to record two minutes with your eyes opemow. Again, you can think anything
you like. I'll tell you when the two minutes is up.Is that alright? Go.

Start EEG recording. Press ‘enter’ followed by $pace bar for the port code in the .cnt file.
Stop after two minutes.

That's great. Stop the EEG recording and type in next task Augi@ddball.
Auditory Oddball

You are going to hear a series of high and low toseWhen you hear the high tones, press
the right mouse button. Please look at the image dhe screen whilst the task is running.
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The task lasts for about 5 minutes. OK? There is practise trial so that you can hear
what the high and low tones sound like and it stag with low tones. Remember press the
right mouse button when you hear a high tone.

Answer any queries the person may have.

Start EEG recording.

Are you ready? Start Auditory Oddball. The practise trial endshitite message ‘End of
practise trials’Would you like me to adjust the volume?Adjust the volume of the person
would like it adjusted.

Press the left mouse button to start the auditddpall task.
At the end of the task, stop the EEG recordingtspd in next task 4CR.

If the person queries the novel tones in the Augi@ddball:
I'm sorry about that, we are looking at the effectsof unexpected noises and if we told you
that there would be other noises then they wouldn’be a surprise!

4CR

Cup the mouse in your hands and use your thumbs t@spond.

Green arrows are going to appear on the screen. P the left button when the arrow
points left and press the right button when the arow points right. You will also see red
arrows. When you see a red arrow, do the opposite the green arrows. If you see a red
left-pointing arrow, press the right button with your right thumb. If you see a right-
pointing red arrow, press the left button with your left thumb. So just to make sure,
which button would you press for a green arrow poiting this way (point lef))? And
which button would you press for a red arrow pointng that way (pointright)? The
arrows appear quite quickly, so please try to respad as fast as you can, but as
accurately as you can. Everybody makes mistakes dinis task. Sometimes you will
automatically try to correct your errors and this is OK. This task will last about 2%
minutes.

Start EEG recording.
Are you ready? Start 4CR.

Once the first run is finished@hat's great. Using a percentage, how accurate day think
you were?

You get more goes at that task, so I'd like you tdo that all over again. Is that OK?
Remember as quick as you can.

At the end of the second ruhhat’s great. Using a percentage, how accurate dey think
you were?

I'd like you to do that all over again. Is that OK? Remember as quick as you can.
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Once the third run is finishe@hat's great. Using a percentage, how accurate day think
you were?

You're halfway through the arrow tasks, so I'd like you to do that all over again, is that
alright? Remember as quick as you can.

At the end of the fourth ruhat’s great. Using a percentage, how accurate day think
you were?

I'd like you to do that all over again, if that's alright? Remember quick as you can.
Once the fifth run is finishedhat's great. Using a percentage, how accurate dmy think
you were?

This is the last time that I'll ask you to do thistask and once it's done we can get the cap
off. So I'd like you to do that all over again. Rerember as quick as you can.

At the end of the sixth ruhat’s great. Using a percentage, how accurate day think
you were?

Stop the EEG recording, note percentage. Checkdammes (Acquisition, Impedance).

If the person queries their performance or thetrépes:

The task is designed to be quite challenging and rsiopeople find it a bit difficult and a
little tiring. Unfortunately, because the EEG recoding is so sensitive , we do lose a
certain proportion of the recording because of mouwment and things like that. We have
to make sure that we collect enough data to coveng losses, if we don’t do that then we
run the risk of not being able to use any of that @ersons data.

END OF EEG RECORDING

Excellent, thank you. I'll just take the cap and lads off your head. Would you like a
drink? And would you like to go to the bathroom?

If person would like a drink, fetch the drink arnéh remove the cap and the leads and as
much of the conductive gel as possible.

Please fill out this quick questionnaire about howou're feeling right now.
Hand the person the clipboard with the PANAS on it.
That's great. Thanks a lot.

OK, I've just got a few tasks that I'd like you todo for me and then that's the end of the
study. Again I'd like to videotape this part of thevisit, is that alright?
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Everyday Tasks
Bring the props over to the table for each taskirn and ask the person to:

Please can you make a cheese and lettuce sandwi€leh you use everything that I've
placed in front of you?

If, after 2 minutes, the person is clearly unablprogress, assist as follows:
I'll give you some help then take 2 slices of bread out the bag, and say:
Try and complete the task now.

If after a further 2 minutes has passed the pessthrtannot proceed to the next stage give a
further prompt by demonstrating what needs to beede.g. spreading margarine on the
bread. If necessary continue prompting in this watyl the sandwich is made. Tick/check
each stage that the person completes independ8tdlyes given below:

* Open bag and get out 2 slices of bread

» Spread margarine on both slices of bread

* Unwrap cheese slice and place on bread

» Take leaf/leaves of lettuce from the head of lettuc
* Place second slice of bread on top

I'd like you to pretend that this is a letter to yaurself. Please prepare it for posting, and
address the envelope to yourself.

If, after 2 minutes, the person is clearly unablprogress, assist as follows:
I'll give you some help then fold the letter, and say:
Try and complete the task now.

If after a further 2 minutes has passed the pessthrtannot proceed to the next stage give a
further prompt by demonstrating what needs to beede.g. placing the letter in the envelope.
If necessary continue prompting in this way urhté tetter is ready for posting. Tick/check
each stage that the person completes independ8tdlyes given below:

* Fold a letter

» Put letter in envelope

» Seal the envelope

* Address the envelope

» Put the stamp in the correct position on envelope

Please wrap this gift for me. Use everything thatVe placed in front of you.
If, after 2 minutes, the person is clearly unablerogress, assist as follows:

I'll give you some help then cut an appropriate size of paper, and say:
Try and complete the task now.
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If after a further 2 minutes has passed the pessbrcannot proceed to the next stage give a
further prompt by demonstrating what needs to bede.g. correctly positioning the paper
around the gift. If necessary continue promptinthis way until the gift is wrapped.
Tick/check each stage that the person completepardiently. Stages given below:

» Cut appropriate size of paper

* Position the paper around the gift

» Cut piece(s) of sticky tape (teeth or scissors @ietse)
» Secure paper with sticky tape

» Tie bow around the gift

Action Program Test

Place the test items in front of the person infttlewing order (from person’s left to right):
Container screw top, container, wire hook and gmehwith the tube and cork on the left hand
side and the beaker, filled two-thirds with waterd lid on the right hand side.

If you look in the bottom of this tube you will seea small cork. Your task is to get the
cork out of the tube. You can use any of these thys (indicate equipmentp help you.
However you must not lift this up (indicate main assemblypor this (indicate beakemor
this (indicate the tall tubednd you cannot touch thigindicate lid)with your fingers. Now
go ahead and try and get the cork out of the tube.

If, after 2 minutes, the person is clearly unablprogress, assist as follows:
I'll give you some help then remove the lid with the wire hook, and say:
Try and complete the task now.

If after a further 2 minutes has passed the pessthrcannot proceed to the next stage give a
further prompt by demonstrating what needs to beede.g. attaching the screw top to the
container. If necessary continue prompting in tey until the cork has been retrieved.
Tick/check each stage that the person completepardiently. Stages given below:

* Removes lid from beaker using wire hook

» Attaches screw top to container

* Fills container with water

» Pours one containerful of water into tube contajroark

» Pours second containerful of water into tube comgi cork

OK, that’s the end of the session and the end of ypparticipation in the study. I'd like

to take this opportunity to thank you for your participation. Are there any questions you
would like me to answer or anything you would likeme to go through with you? | won't
be able to provide a summary of the findings until have collected all the data and
analysed it, but | am happy to email you a simpliged image of your EEG recording.
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Appendix 5. Investigation of Habituation of the ERN

Aim of the study.

Two studies (Hajcak et al., 2003; Herrmann et24104) found that the amplitude of the ERN
decreased with increased error rate. The erros fateeach condition did not differ between
groups. Related to the findings of Hajcak et ab@0and Herrmann et al (2004), it is also
possible that variation in error-distribution ptef(across the session) between participants
might influence the averaged-ERN. In other worlls,ERN elicited by errors predominantly
made early in the session may be due to unfantyliauith the task and may differ in
morphology and power to the ERN elicited by erfmexdominantly made later in session,
which may be influenced by greater task-familigray by attentional lapse (fatigue). In order
to explore this potentially confounding issue, bsgt of younger and older participants who
had at least five errors in the first and fourtbdbis of the 4-CRT (i.e. > 5 errors per 100 trial
block); other participants tended to make the nigjorf errors in either the first few trials
(block) or unevenly distributed across blocks. Dagsie explored to investigate possible
differences between ERN amplitudes elicited withia first and last blocks of the 4-CRT.
The aim of this supplementary analysis was to itigate the hypothesis that increasing task
familiarity might modulate the amplitude of the ERNhis was explored for compatible

stimuli (green arrow stimuli) and incompatible stiimred arrow stimuli).

Method.

Participants.

Five younger (YA: compatible conditioM age 19.2 years, SD 0.8; 1 male and 4 female;
incompatible conditionivl age 20.0 years, SD 3.5; 5 female) and five olddy: @mpatible
condition;M age 71.8 years, SD 8.0; 2 male and 3 female; ipatiie conditionM age 70.0
years, SD 8.2; 1 male and 4 female) adults provided for the study. Three OA and 2 YA

provided for both conditions.

Measures.

See Chapter 5 for ERP paradigm, acquisition andgssing.
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Results.

Four paired-sample T-tests were conducted: twoimvitie YA group (1. Compatible, 2.
Incompatible conditions), and two similar companisan the OA group. A significant ERN
amplitude increase between the first and fourtlelbileas found only in the OA group for the
compatible conditiont (4) = 3.61,p = .023. There were no other significant amplitude
differences. It is possible that the OAs may haserbmore susceptible to testing fatigue,
resulting in greater uncertainty in the later gidlowever, this may have been expected to
affect both Compatible and Incompatible conditiegsally (or perhaps the Incompatible
condition to a greater degree). In general, ibisctuded that error-distribution profile is
unlikely to confound the results of the presentigtaf ageing-effects on the ERN. This was

necessary in order to provide data for the prinpotheses, as detailed in Chapter 5.

Table 1. Peak ERN amplitudes in younger and oldelts,

Younger Older

n=5 n=>5
M (SD) Condition First block Last block First block ltddock
ERN V) Compatible -14.2 (5.6) -13.5 (5.7) -3.1(3.1) .272.3)*

Incompatible -11.9 (8.3) -10.3 (7.4) -4.6 (6.3) -5.6 (3.4)

Note.* p< .05, planned comparison usittest.
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Appendix 6. Investigation of the Effect of Older &gn Response-locked Components.

Aim of the study.

The age range of the older adult sample was 60=8#4sy As indicated in Chapter 2, there can
be considerable neural and cognitive variabilitiween older adults aged at the lower and
higher end of this age range. Therefore, it wastefest to investigate potential ERN and Pe

differences between the young-old and old-old.

Method.

Participants.

Eighteen youngem age 21.6 years, SD 3.7; 3 male and 15 female)eelgoung-old ¢ age
64.1 years, SD 3.0; 3 male and 8 female), andlteold (M age 73.8 years, SD 4.7; 4 male
and 6 female) adults provided data for the studly;division in the older adult group was

based on a median split of age.

Measures.

See Chapter 5 for ERP paradigm, acquisition andgssing.

Statistical Analysis.

The amplitudes of the response-locked ERP compsnesite analysed using mixed ANOVA
models: condition (x2: compatible, incompatiblemponent (x2: CRN, ERN) and group (x3:
younger, young-old, old-old), and condition (x2ngmatible, incompatible) and group (x3:
younger, young-old, old-old) for the Pe.

Results.

There was a main effect of group in both ANOVA misdE (2, 36) = 3.55p = .039 (CRN-
ERN) andF (2, 36) = 4.09p = .025 (Pe), indicating a significant decreasenpltude in all
response-locked components between the age grougach case, the lowest amplitudes
were obtained from the old-old group, the highespliudes were obtained from the young

adult group, and interim values were obtained ftbenyoung-old group. As indicated in
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Table 1, post-hoc comparisons revealed statisfisgnificant differences between younger-
adults and old-old adults for the incompatible E&Nplitude and compatible Pe amplitude.
This finding suggests the importance in future Esi@df including multiple age groups to
examine ERP components in older adults, but doedetoact from the findings of the present

study (Chapter 5), which reveal reduced ERN powealder compared to younger adults.

Table 1. Peak amplitudes of response-locked compsriier younger, young-old and old-old

adults.
Younger Young-Old Old-Old
n=18 n=11 n=10
Amplitude
M (SD) (nV)
CRN Compatible 5.7 (3.5) 4.7 (2.9) 2.7 (2.0)
Incompatible 5.7 (3.1) 5.0 (.2.7) 2.1(1.6)
ERN Compatible 13.8(7.1) 10.9 (6.4) 10.1 (7.5)
Incompatible 15.4 (7.1) 10.3 (5.4) 84 (7. 7)t
Pe Compatible 7.8 (8.0) 2.9 (6.3) 04(5.8)*t
Incompatible 5.1 (6.9) 2.0 (5.8) 0.6 (2.9)

Note.T p < .05; younger vs. old-old.
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