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ABSTRACT

The purpose of this study was to determine whétbalthy individuals displayed deficits
in their ability to estimate their memory functias it relates to the concept of human
self-awareness. An extensive literature revievwcauted that patients diagnosed with
Alzheimer’s disease (AD) have a tendency to ovenege their memory abilities in
similar paradigms. Additionally, neuroimaging ameliropsychological studies have
found significant involvement of the right frontabe in memory prediction/performance
paradigms. As such it was hypothesized that ta#theparticipants who were
inaccurate in their memory estimations would shelative deficits on tests of right
frontal lobe function. Results did not support itiéal hypothesis. Subsequent analyses
were conducted to determine whether those partitspaho overestimated their memory
would perform differently compared to those who evaccurate and those who
underestimated. Results did indeed show that thageipants who overestimated their
performance evidenced a relative deficit on adésight frontal lobe function.
Additionally it was found that those participanteawnderestimated performed better on

a test of right frontal lobe function than thoseowlirere accurate.
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CHAPTER |
Introduction

Anosognosia

Anosognosia is one of a conglomerate of syndrdmé&snging to the family of
agnosias (general lack of knowledge) known as atagnasias (the loss of knowledge of
a person’s sense of bodily condition) and refeec#jgally to a lack of awareness of
deficit or a denial of illness (Kolb & Whishaw, 2800 The syndrome can be both a
temporary and permanent condition. The severith@ftondition may differ in degree,
with the milder forms being transient and resolwvith the patient being made aware of
the deficit, and the severe forms being more persieand including symptoms of
extreme denial in the form of delusions (Sandif®}6). Confabulations can often
accompany delusional denial (Sandifer, 1946). Agaossia is a deficit in the ability to
“recognize being ill and to assign a correct megundeficits, symptoms, and their
functional implications” (Orfei, Robinson, Bria, [fagirone, & Spalletta, 2008, p. 203).
Terminology in the research regarding insight, @anass, and the clinical phenomena
that affect these constructs has been definedriingaways depending upon both the
construct being studied and the opinions of theaeshers. For the purposes of the
current investigationnsightandawarenessvill remain synonymous and used
interchangeably. The clinical manifestation oficie$ of insight and awareness is
anosognosia

The French neurologist Joseph Babinski (1914)catidagues (Langer, 2009)

described two cases of patients who displayed tamiahing lack of awareness of their
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deficits despite having a left side hemiplegiadwling right hemisphere lesions due to
stroke. These patients both were unaware of bemiplegia, and persisted in their lack
of awareness despite efforts made to convince thteerwise. Following Babinski’s
initial discovery report (Babinski, 1914) in whitle coined the terranosognosi®r
anosognosiathe term was applied to patient denial of anyaitedr disease (Gerstmann,
1942). Subsequent reporting, upon discovery ti@syndrome accompanied many
different types of deficits caused by brain inshéis applied the term to describe
unawareness of nearly any type of neuropsycholbgraaeurological dysfunction (Adair
& Barrett, 2012; Fisher, 1989). The syndrome heenldescribed in so many clinical
cases Fisher (1989) posited that anosognosia megrsidered to be a “principle of
cerebral dysfunction in humans” (p. 127). Soméeus have noted in reviews of the
literature that anosognosia has been associatbchesispatial neglect, hemianesthesia,
hemianopia and cortical blindness (Anton-Babingkiddome), amnesias, prosopagnosia,
the dementias (Dementia of the Alzheimer’s Type TDAr Alzheimer’'s Disease (AD)
and Frontotemporal Dementia in particular), apresiartical deafness, apraxia,
dysfunction in activities of daily living (ADL), dumatic brain injury, and the
disorganized thought associated with schizophrgkdair & Barrett, 2012; Kashiwa et
al., 2005; McGlynn & Schacter, 1989). Others hagted the presence of anosognosia in
psychiatric disorders and behavioral problems (Mrglli et al., 1995), hemiballismus,
alexia, other agnosias (Fisher, 1989), cerebrovasmfarction (Anderson & Tranel,
1989), and general loss of memory and mild cogaitmpairment (MCI; Vogel et al.,

2004). Additionally, the syndrome has been descris rather domain specific within



differing conditions (hemiplegia, AD, etc.) affliog the individual patient (e.qg.
anosognosia for memory impairment vs. anosogrfosiaehavioral problems in AD).
Regarding the dementias, anosognosia has beerseeigrstudied and most
frequently described in patients with Alzheimeriseise (AD), constituting the majority
of awareness research done in the dementias (EtKloimson & Torres, 2005). Feher,
Mahurin, Inbody, Crook, and Pirozzolo (1991) notieat anosognosia may be more
common in AD than in the other dementias. Mucthefdementia research has been
devoted to studying the syndrome in its relatiothedstandard memory impairment
occurring as part of the symptom presentation efdisease, with prevalence rates
reported from 20%Migliorelli et al., 1995; Starkstein, Sabe, Chemski, Jason, &
Leiguarda, 1996) to 80% (Sevush & Leve, 1993). ogagnosia also has been found to
correlate with other features of dementia suchedmbior problems, emotional problems,
activities of daily living, and self-care (Miglidieet al., 1995; Vasterling, Seltzer, Foss,
& Vanderbrook, 1995). Indeed, research suggeatsaithin AD, anosognosia is a
domain specific syndrome and is not a global coestdiffering according to deficit
(Vasterling et al., 1995). For example, a patrealy have anosognosia for memory
impairment but not for behavioral problems. A defin awareness of memory
impairment is the most frequently observed domaieEic anosognosia in Alzheimer’s
disease (Mimura, 2008). Although research has Hdeeated to many domains of
awareness in AD, it is memory impairment that hatded the most data and provided
the most information concerning anosognosia andevess of cognitive state. Memory

itself is a historically heavily researched ared the ability of both healthy and clinical
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populations to judge their own memory abilities baen a useful tool for elucidating the
larger construct of self-awareness and its relahgnto insight and deficits thereof (i.e.
anosognosia).

Discussions of the concept of insight have involaedriety of issues with regard
to nomenclature and concept and, for the purpostaaty, this must be addressed. As
stated earlier, for the purpose of this studgightandawarenesshall remain
synonymous. As such, the tetmawarenesshould be synonymous with anosognosia in
regards to cognitive functioning in the dementiasderson & Tranel, 1989). Larger
theoretical issues dealing with the ideaself-awarenesandtheory of mindare
concerned with the ways in which individuals aréedb infer their own mental state and
the mental states of others, respectively. Withenbroader construct of self-awareness
lies the construct of insight. David (1990) definesight as a patient’s ability to
understand that an illness is present and the gubseeability to assign meaning to
symptomology that would otherwise be consideredoathmlogical. Though he wrote
specifically to address psychotic disorders, hisden is in line with previous and
subsequent attempts to define clearly the consaiudtapplies to all different types of
neuropsychiatric syndromes. Given the inherenyex, and varied ways in which
individuals may differ both neurologically and pegtogically, it must be conceived that
insight will vary just as other attributes amonffeting individuals. Thus, insight should
fall along a continuum ranging from full awarenéss complete lack of awareness of

deficit (i.e. anosognosia).



Clinical Populations

Anosognosia has increasingly been shown to accoyparsyndrome of mild
cognitive impairment. Mild cognitive impairment ®f) may be defined as the
transitional period between cognitive decline duadrmal aging and the onset of
probable Alzheimer’s disease (Peterson et al., ROAdditionally anosognosia
accompanying MCI has been found to be a predidtartansition from MCI to later AD
(Tabert et al., 2002 However, diagnostic criteria for MCI are at issand different
studies have shown varied results due to the iiwlus participants based upon
subjective memory complaints. Indeed, subjectiesnory complaints are considered a
requirement for the diagnosis of MCI (Petersonl.e2Q01).

Research findings have been variable regardingiteetf awareness in MCI.
Ries et al. (2002) examined MCI patients and fopadicipants to possess varying levels
of insight into their cognitive deficits and desad this insight along a continuum of
awareness ranging in degree from “mildly limited™severely impaired” (Ries et al.,
2007). Tabert et al. (2002), in their study ofyiag functional deficits in MClI,
concluded that within the MCI populations a cergaiaportion exhibit a deficit of
awareness in their assessment of functional asland that this deficit in awareness
may be a predictor of the future onset of Alzheisdisease.

Vogel et al. (2004) excluded the criterion of sahipdee memory complaint in
participant selection and found that not only doINd@tients possess deficits in
awareness to the extent seen in anosognosia,diuhty did not differ significantly

from that of the mild Alzheimer’s disease (mAD)ipats examined. Another study
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found similar results in that anosognosia was aufeaf MCIl when subjective memory
complaints were not included as a necessary amdar diagnosis (Galeone, Pappalardo,
Chieffi, lavarone, & Carlomagno, 2011). These ifivgd suggest that not only is
anosognosia present in MCI populations but, dubdgotential that it is a predictor of
transition to a dementing disorder, it is importdrat subjective cognitive or functional
complaints not be a requirement of assessmentagndsis of mild cognitive
impairment.

Some research suggests that patients with mildefiizér’'s disease (mAD) have
significantly greater deficits of awareness thassthwith MCI. Specifically, those
patients with MCI did have insight deficits but thtavas not to an extent that met the
full clinical picture of anosognosia, as with thé&bh patients (Orfei et al., 2010). This
finding could lend further support to the idealwd tontinuum of insight. However, the
authors note that they used the traditional metbodiagnosing MCI in including
subjective memory complaints. Again, this is agotil confound because it substitutes
an ex-ante condition for what would otherwise be®post result. In other words, by
including subjective memory complaints as a diagoasiterion, the probability of
finding deficits of awareness has been virtualignglated as a variable. The effect
would be to essentially nullify any comparison bed¢w AD and MCI in regards to levels
of insight into various aspects of deterioratingmitive function. Unfortunately, this
potential confound is difficult to control as thaghostic criteria for MCI remain an

issue. Yet another study, using similar clinicalgshostic criteria, found that participants
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with mAD presented with anosognosia as a symptonthmse participants with MCI did
not (Kalbe et al., 2005).

Individuals with MCI should theoretically fall oheé continuum of awareness. In
fact, research does suggest that onset of deficas/areness in patients with MClI is an
indicator of a likely progression to AD and subsemfly a greater deficit of awareness
comparable to anosognosia. Among the neurodedgerediseases, the presence of
anosognosia has been greatest in Alzheimer’'s dis€Hse methodologies used to assess
insight in AD have been as variable as the preealetowever, and in sharp contrast to
the variable findings seen in MCI, different metblmdjies have yielded similar results
that anosognosia is a major feature of Alzheiméissase.

The research on anosognosia in Alzheimer’s diseaggests that AD patients
overestimate their ability in memory performanceapégms (Ansell & Bucks, 2006;
Antoine, Nandrino, & Billiet, 2013; Clare, Whitake% Nelis, 2010; Correa, Graves, &
Costa, 1996; Cosentino, Metcalfe, Butterfield, &®&t 2007; Duke, Seltzer, Seltzer, &
Vasterling, 2002; McGlynn & Kaszniak, 1991; Riesakt 2012; Stewart, McGeown,
Shanks, & Venneri, 2010). Additional research foasd that patients deny or
underestimate the severity of their deficits (Dekal., 2002; McGlynn & Kaszniak,
1991; Ott et al., 1996; Sevush & Leve, 1993) orspss a general deficit of awareness of
impairment in regards to cognitive functioning (Amslon & Tranel, 1989; Ansell &
Bucks, 2006; Barrett, Eslinger, Ballentine, & Hedlm 2005; Correa et al., 1996; Kotler-
Cope & Camp, 1995; Wagner, Spangenberg, Bachma&iC&nnell, 1997). These

findings clearly show that deficits of awarenessaprominent feature of AD.
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Moreover, the presence of anosognosia in both Mi@lAD suggests that severity of
iliness is not necessarily correlated with sevasftgawareness deficit. The presence of
anosognosia in both AD and MCI lends further cregeto the idea of the syndrome
existing on a continuum, such that anosognosiasasa product of its neuropathology
independent of the overarching disease state #hsies such pathology. In this sense,
deficits of awareness would increase or decreasma@diag to the degree of
neuropathological changes in brain regions asstiatth self-awareness. These
changes would inherently be caused by the neurologfical characteristics of AD or
MCI, but the clinical manifestation would remaidé@pendent of the disease. Otherwise
stated, deficits of awareness such as anosognaesidena feature of AD or MCI or may
be caused by AD or MCI rather than being a chartite symptom of either disease
itself. Although the syndrome may be domain-spedihis does not negate the
possibility that it is inherently a clinical marsfation of damage to a larger self-
awareness system. Considering the syndrome indep#y, it possible to view it as the
extreme clinical presentation of a deficit in selfareness rather than simply a deficit of
explicit knowledge about one’s own memory functrapor any other domain-specific
lack of awareness. It is thus possible to viewsagaosia as part of the larger continuum
of awareness in order to determine precisely wtaare the reasons why, both clinical
and healthy populations fall somewhere on the spect This continuum would be
irrespective of group differences between those wbold be considered “healthy” and

those considered “diseased”, due to its inhereistence as a normal brain function.



Nonclinical Populations

As mentioned previously, research devoted to mgmaareness in healthy
populations provides information as to the varyilegrees of awareness seen in normal
individuals. This information may allow us to umskand more clearly how insight
differs in degree on the continuum. A significamount of research has been devoted to
the concepts ahetamemoryi.e., awareness of memory functioninghoetacognition
(Lovelace & Marsh, 1985). Metacognition has beefingd as the knowledge an
individual possesses regarding their own cogn#ibéities and other aspects of function
(Souchay & Isingrini, 2004). Many research invgastions have been conducted to
examine the abilities of normal individuals to jedtpeir own memory capabilities and
then to assess the true nature of the discrepatayebn their beliefs about their memory
ability and their actual memory ability as measugabjective memory assessments.
Individual belief about memory ability is a consttlknown asmemory self-efficacy
(Pearman & Trujillo, 2013). The research, to dhtes been variable concerning the
relative ability of individuals to judge their owamospective memory performance or
memory ability. Specifically, much of the litera¢uhas been devoted to examining the
differences in predictive ability between differagfe groups and, in particular, between
younger and older adult populations. Additionalhe methodologies used have
contributed to this variability in results.

Murphy, Sanders, Gabriesheski, and Schmitt (19&10d that younger adults
generally underestimated their memory ability wiolleéer adults generally overestimated

their ability. Other research findings suggest ttuainger adults are more accurate in
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their ability to judge their memory functions, whas older adults have been found to
overestimate memory ability (Bruce, Coyne, & Botwky 1982; Lovelace & Marsh,
1985). Variability in memory estimations even bagn found within a single study.
Specifically, Devolder, Brigham, and Pressley (09@0nd that neither younger nor
older adults were accurate in their predictiveiadd, with neither evidencing a greater
underestimation or overestimation than the otlfiather, the participants were generally
inaccurate in their predictions, with variabilityigting in awareness of performance
ability among the different tasks used in the stsugh that younger adults occasionally
underestimated and older adults occasionally otiarated and vice versa (Devolder et
al., 1990). Another more recent study found tledhkyoung and older adults
underestimated their memory abilities, with greataderestimation exhibited by the
older adults (Pearman & Trujillo, 2013). Yet ar@mtstudy examined young adults and
found that they underestimated their performanderbea memory task (Meeks, Hicks,
& Marsh, 2007). One study using a prediction/perfance paradigm for AD patients
and healthy controls found that both the healthytrmds and the AD patients were likely
to overestimate their abilities to perform cogretbasks (Antoine et al., 2013). Younger
adults in the preceding studies were generallyseldgs those below 40 years of age,
whereas older adults were generally classed as thas 55 years of age.

As indicated above, results of these studies @@wvariable and equivocal.
Despite similar objectives in attempting to asg@ssliction/performance discrepancies
and metamemory, the methodologies used in thedeestare as variable as their

individual results. Indeed, methodology is an neimé factor in attempting to assess the
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degree to which individuals are self-aware. Adsitds necessary to describe the most
valid means of assessing subjective memory bealiefisobjectively evaluating such
beliefs. As a domain-specific continuum of insighemory state awareness may differ
in degree as does the awareness seen in otherrdoafaiortical function. As in other
cases, individuals within nonclinical populatiotm®ald exhibit a varying degree of
insight into their own metamemory ability. As wlié presented later, objective memory
assessment will provide the most definitive disanation between those individuals who
are accurate in their ability to predict their meya@nd therefore show normal insight,
and those who are less so, therefore showing diffetegrees of insight along the
continuum.

Realistically, healthy populations are not likabyfall in proximity to clinical
states such as anosognosia on the continuum. MReétég should fall along this
continuum in order from normal state awarenessi@agt memory functions to just shy
of a cognitive impairment or a clinical manifestatiof awareness deficit. Otherwise
stated, individuals that remain on the continuurthiwinormal limits, should not display
a remarkable or notable defect of awareness, dustilli differ in degree of awareness
that may only be detected through testing.

Anosognosia on a Continuum of Insight

As the aforementioned research would suggest, arengss of deficit may differ
in degree and severity (Correa et al., 1996; SandiP46). Indeed theoretical accounts
also suggest the idea that the syndrome existscontenuum of insight ranging from a

complete lack of insight, or the deficit of awares&nown as anosognosia, to full insight
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or awareness. It has even been posited that titr@ye of anosognosia itself differs in
degree from a mild condition to nearly delusionaidl (Hannesdottir & Morris, 2007).
Regardless, most individuals, whether healthy ffegng from a neurological illness,
would likely fall somewhere on this continuum os$ight. Those without neurological
impairment should remain well within the boundshofmal awareness with some being
“more aware” of their state than others.

Though it is possible to delineate the idea of@icoum of insight ranging from
intact awareness to a clinical state of anosogntiseexisting research concerning
concepts of insight and anosognosia existing condirtuum within a dimensional
spectrum is extremely limited. Indeed, theretiteliexisting research to support such an
idea and that which does focuses almost entirelyhempresence of awareness deficits in
dementias, specifically Alzheimer’s disease. Ssdif the awareness and predictive
abilities of healthy subjects in memory performapaeadigms rarely present a
discussion of an insight continuum or of anosogmasia clinical manifestation of a
deficit of awareness of memory ability. Those s#adhat do address the issue mention
only a need for a more dimensional model of anogsignor awareness and a need to
find ways to more clearly and validly assess thedsyme in clinical populations.

The research concerning anosognosia in AD has shs@mewhat paradoxical
inverse relationship in which some patients witlhdmlzheimer’s disease (mAD) show a
marked impairment of insight and awareness andsergely, those within a more
developed stage of the disease showing a relativlgt awareness (Feher et al., 1991).

Explanations of this variability in insight may bgplained by the degree to which
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patients exhibit frontal pathology (Feher et @891). In other words the degree to which
the frontal lobes are adversely affected by theadis process is of greater relevance than
the severity of the disease itself. Researchrhpicated a dimensional rather than
categorical model of anosognosia due to the laagability found in unawareness of
cognitive deficits among patients, and suggestsuhawareness must be considered as a
continuum rather than being an “all or nothing” @ggame (Correa et al., 1996;
Derouesne et al., 1999).

From a practical standpoint, it would be ratiomatdnclude that such a
continuum existed and that any individual, whethealthy or impaired, should fall on
the spectrum. This conclusion follows from theibassumption that all individuals
differ and, as such, all individual brains diffévleeting this basic assumption allows us
to take one step further and conclude that thetiomal neuroanatomy of every
individual will vary substantially enough to marsteas explicit differences in multiple
domains of cognitive, emotional, and ultimatelyhéaeoral functioning. As all of these
domains contribute to an individual’'s awareneskigfown state of being, the degree to
which they are differentially developed will, inrty result in differences in the degree to
which that individual possesses insight. The qaesemains, however, as to the true
neurological substrates of this variable insight.

Neuropathology and Neuropsychological Correlates

Anosognosia may result from either focal or difflisain damage (Sandifer,

1946). As previously mentioned, the syndrome exislependent of whatever

overarching disease state may have caused itsgtial neuropathology. Indeed, the
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symptomology of Alzheimer’s disease, to includesogmosia, may vary depending on
neuropathological involvement of different brairustures (Reed, Jagust, & Coulter,
1993). Theoretical accounts of anosognosia hasiqubthat it is either a domain-
specific disturbance, such that a patient may lanasognosia for memory impairment
but not for another deficit such as hemiplegiaatical blindness, or that it is the
product of a disruption of some higher order cageiprocess (Weinstein, Friedland, &
Wagner, 1994). Schacter (1990) distinguishes batviiest and second order accounts of
anosognosia in memory impairment. Specificallyehghasizes both a need to consider
the syndrome within the sphere of a second ordmuat, or dysfunction of a domain
specific cognitive process, and to consider it witihe sphere of first order accounts, or
dysfunction of a particular awareness system opgraicross multiple domains.
However, he also notes that any second order atdoes not negate the possibility that
a higher order cognitive awareness system existghht the anosognosic state may be
present as a result of a dysfunction in accessféomation associated with a particular
domain (e.g., memory or inability to access infatioraabout the state of memory
ability). An integrated model containing both agots would best serve as a causative
explanation for the syndrome. It would only be wilee central awareness system is
disrupted, either focally or in its connectionsatparticular domain specific ability
(somatosensory, memory, motor, etc.), that an iddat would slip into the extreme end
of the spectrum into which the anosognosic staigt®xAdditionally evidence suggests

that the syndrome is even domain specific with rédga the dementias (i.e. memory
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impairment, ADL, behavioral problems, etc.) andnwitAD it may manifest in one or
many domains (Agnew & Morris, 1998).

Various models have been put forth to describgtemomenon from a cognitive
neuropsychological perspective. McGlynn and Sahrgdt989) posit a system, derived
from a model by Schacter (1990), consisting ofwaraness system located in the
inferior parietal lobes that receives input fromigas cognitive, sensory, and motor
systems. This posterior system is linked to athblobe executive system that monitors
more complex cognitions and behaviors. They prepbat anosognosia may result from
damage to either the parietal awareness systelhdtses connections to the outlying
modules from which it receives information. Addrally the syndrome may result from
damage specifically to the frontal executive systents connections to the posterior
parietal awareness system. Thus, they explairati@gognosia for perceptual and motor
disturbances occurs due to damage or disconnéue feosterior “awareness” system and
anosognosia for behavioral, mnemonic, and more t®ogognitive behaviors occurs as
a result of damage to the anterior “executive” ayst This model has limitations in
regard to explaining every domain of anosognosia@nnot entirely do so and fails
with respect to adequately addressing the neubsitsates of awareness.

Expounding on the work of McGlynn and Schacter @)98gnew and Morris
(1998) proposed a more detailed model by incorpuayat into a larger framework that
describes three different types of the syndromeexyptiins them in terms of their
cognitive heterogeneity and presentation. Theid@hancorporates a “mnemonic

comparator” mechanism within the executive systieat tompares incoming sensory
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information with a “personal knowledge base” of noeynfunctions. In “mnemonic
anosognosia” there is a detected problem at thed tdfvthe comparator mechanism but
that problem fails to be processed into the sernaméimory store. In “executive
anosognosia” there is an error in the comparatahar@sm itself in which the individual
is aware of a memory error but fails to updaterthersonal knowledge database. In
“primary anosognosia” the individual is completalyaware of any errors in memory
function and the only processing of error occurhimithe realm of implicit knowledge.
This model of Agnew and Morris (1998) incorpora@esore thorough examination of
the various presentations of anosognosia in dembégtallowing these presentations to
be viewed within the framework of their impact e tmechanisms within the system.

Hannesdottir and Morris (2007) expounded upon tegipus model by Agnew
and Morris (1998) in their Cognitive Awareness Mo@@AM). They posit systems
similar to those elucidated by Schacter (1990)Aagew and Morris (1998), but add a
series of comparator mechanisms designed spebyjffcalvarious cognitive abilities.
Additionally they propose a “metacognitive awarenggstem” (MAS) designed to
compile information from other parts of the systeDisruptions occurring at either the
level of the MAS or the comparator mechanisms emaé¢d either primary or secondary
anosognosias, respectively (Hannesdottir & Mo&x)7).

From a cognitive neuropsychological framework, éhégeorists attempt to
provide a systemic explanation for anosognosiadgefiait of awareness and incorporate
neuropathology as much as is possible. Howevey, fiil with regard to explaining the

neurological substrates of insight in a way thaltmay be localized to particular areas
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of the right hemisphere. Indeed, the researchagkeat isolating these prescribed
systems to the right hemisphere at all and ratheals of anterior/posterior or
frontal/parietal areas. Weinstein et al. (1994)gasted that the neuropathology of
anosognosia tends to affect more than one lobemidphere and their results suggest
that deficits in awareness are more likely in pasevith frontal lobe involvement than
those with damage limited to the parietal, temparalimbic areas. Indeed, the
previously mentioned cognitive neuropsychologicabels suggest that anosognosia for
memory impairment, and less severe deficits of anegs of memory functioning, must
involve specific areas within the frontal lobesesifically those serving executive
functions. As of the present time, more definitilaga concerning the localization of
anosognosia has come from neuroradiological studies

Anosognosia can be viewed as resulting directlgnfdysfunction of specific
neuroanatomic areas that are negatively affecteldiyeimer’s disease. A variety of
neuroimaging studies have sought to map the netirology of the disorder, with
varying results. Several neuroradiological studiegnosognosia in Alzheimer’s disease
have implicated the frontal lobes (Derouesne etl8P9; Salmon et al., 2006; Shibata,
Narumoto, Kitabayashi, Ushijima, & Fukui, 2008; &ktein et al., 1995; Vogel,
Hasselbalch, Gade, Ziebell, & Waldemar, 2005), mode specifically the right frontal
lobe (Harwood et al., 2005) and dorsolateral prafibcortex (Starkstein et al., 1995;
Reed, Jagust, & Coulter, 1993). Additionally, savstudies of anosognosia in
Alzheimer’s disease have implicated right hemispligrsfunction (Auchus, Goldstein,

Green, & Green, 1994), frontal lobe dysfunctionti€a et al., 1996; Mangone et al.,



18
1991; Michon, Deweer, Pillon, Agid, & Dubois, 19%ltarkstein et al., 1995) or found
anosognosia to be correlated with deficits on tektsontal lobe and executive function
(Antoine et al., 2013; Armanzio et al., 2012; Miohet al., 1994; Ott et al., 1996;
Starkstein, Fedoroff, Price, Leiguarda, & Robinst#93).

Using positron emission tomography (PET), Salmaal.e2006 found that
deficits in the ability to evaluate cognitive furact were correlated with metabolic
activity in the right parahippocampal region and tinbitofrontal cortex. Additionally,
they relate the involvement of the hippocampal fation to the role of the
aforementioned comparator mechanism of Agnew andi§(1998) and posit that
medial temporal lobe dysfunction may damage a coatpamechanism that exists to
relate self-knowledge with current sensory procgessésing functional magnetic
resonance imaging (fMRI), Ries et al. (2012) fotmat deficits in self-appraisal
accuracy were associated with altered functionaheotivity in the medial prefrontal
cortex (MPFC), and specifically with MPFC connengdo the dorsolateral prefrontal
cortex (DLPFC) bilaterally. Salmon et al. (2006)fid that anosognosia may be a result
of reduced metabolism in networks located in thgesior frontal sulcus that are
associated with self-referential processing. U$MRBI in a similar study, Johnson et al.
(2002) found activation in the anterior medial poetal cortex during a self-reflection
paradigm. Similarly, Rosen et al. (2010) found #&lf-appraisal accuracy was
associated with grey matter volume in the righttk@medial prefrontal cortex,

specifically overestimation of cognitive performanc
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These results suggest not only a frontal lobe dmution to disordered awareness,
but more specifically, the involvement of the rigi@misphere in some way that relates to
executive functioning and awareness. Taken togétban be posited that awareness of
deficit is a product of disruption of some mechargswvithin, or connected to, a system
of the right frontal lobe. As such it is importaatcontinue to address the role of this
area in its contribution to awareness and anosegnd®sts of executive and frontal lobe
functions may yield more specific data to clarifiiether there is a correlation between
awareness and performance on these measureshalfibeis more sensitive than
neuroimaging, then neuropsychological test perfoiceanay provide a more accurate
appraisal of the link between awareness of memargtioning and the right frontal lobe.
Methods of Assessment

Research examining the presence of anosognosiagafAidmpopulations has
yielded varied results, due in large part to tlmnsistent methodologies used to assess
the syndrome as seen across studies. There laahtomally been three methods by
which anosognosia is assessed in participant popada The first one involves the
clinician inquiry as to the patient’s beliefs abthwir abilities and judges this subjective
belief against the clinician’s perceived statehaf patient (Anderson & Tranel, 1989;
Auchus et al., 1994; Cosentino et al., 2007; O#l et1996; Reed et al., 1993; Sevush &
Leve, 1993). The second method consists of some &b discrepancy comparison being
made between the patient and the caregiver acsimg anformant, whether with the use
of questionnaires or direct interviewing (Clarekt 2010; Correa et al., 1996; Kotler-

Cope & Camp, 1995; Mangone et al., 1991; Michoal ¢t1994; Ott et al., 1996; Ries et
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al., 2012; Salmon et al., 2006; Shibata et al. 32@@arkstein et al., 1995; Stewart et al.,
2010; Vogel et al., 2005). The third method is onehich patients are asked to predict
their level of performance on objective tests ofmoey function or other
neuropsychological assessments, and this is thepa@d with their actual performance
(Ansell & Bucks, 2006; Antoine et al., 2013; Batrettal., 2005; Clare et al., 2010;
Cosentino et al., 2007; Duke et al., 2002; Harwebal., 2005; Kashiwa et al., 2005;
McGlynn & Kaszniak, 1991; Mimura, 2008; Wagner ket 8997). Though these three
techniques are notable for their prevalence inistudf insight and awareness, they are
simply the most commonly used rather than beingtilg methods that exist.
Comparing the patient’s subjective assessmenttiéhof a caregiver tends to be the
most commonly used method (Ecklund-Johnson & To&@85). Many methodological
problems have been encountered in attempts tosafsepresence of anosognosia in
dementia patients and in attempts to directly measwareness of memory in healthy
populations. Indeed the method used to assesytideome has in some cases affected
the presence or degree of the syndrome itselingdibr a need for more precise and
empirical approaches (Derouesne et al., 1999).

A comprehensive review of the methods of assessusent in insight evaluations
by Clare, Markova, Verhey, and Kenny (2005) goethéir and distinguishes between
five different methods traditionally used to assessreness in dementias. Their first
method, “the clinician rating method” requires @ians to make ratings of awareness
following structured interviewing, questioning, @mply a review of case records. The

authors note the limitations of this method as ¢éis inherent inability to detect domain
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specific awareness (e.g., memory, behavior, etcl)tlae heavy reliance on subjective
reports by the patient that do not consider adtehbvior. The second method indicated
is the “questionnaire-based method” and includessttbjective rating made by the
patient, the rather informal discrepancy compariseiveen informant rating and patient
rating of ability, and the more detailed discrepacaemparisons made between
informants and patients on parallel forms of questaires. The greatest limitations of
these particular types of assessment are theanegion informant accuracy in their
rating of the patient’s functioning, something ®dbjto external influence. The third
method of assessment is termed “performance bas#tbds” (or the
prediction/performance method) and involves theaisiscrepancy comparisons
between subjective self report and objective stahdad assessment. In this case
standardized assessments of the particular domaiteoest are used to measure the
patient’s performance objectively and the resukksc@ampared with the patient’s
subjective report of function. The major limitatiof this method is noted as being the
problem that the self report measures used magenobrrelated with the objective
measures. Clare et al. (2005) also noted thagtribl@em of asking participants to
evaluate their predictive performance on objectigaropsychological tests is that the
results may not be ecologically valid as indicawfriow they would actually perform if
given tasks relevant to normal activities of ddilgctioning. The fourth and fifth
methods are the “phenomenological method” and ‘isiadiensional method”, consisting

of experiential approaches or a conglomerationtloéiomethods, respectively.
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The review noted above described two additionasea of assessment of insight
and awareness and described the limitations of @gploach to assessment. Though
many studies have assessed anosognosia for mempayient using all of these
approaches, the clinician rating method, the goestire based method, and the
performance based method seem to be the most comos®ed. The phenomenological
approach lacks significant research and the maiedisional approach is simply a
conglomeration of the first three approaches. hefdriginal three, the
prediction/performance approach remains the methtidthe fewest limitations based
upon subjective validity: having a participant sdijvely rate their own ability would
appear to be the most face valid method of obtgiamindication of the individual's
insight. Taking this subjective judgment in thenfioof asking them to predict how they
will perform on an objective neuropsychologicat teovides the closest indication of
the discrepancy between what the participant toelieves and what their actual
performance outcomes are on the specific tests ussyht is thus assessed as the
discrepancy between a purely subjective assessandrd purely objective assessment.
Despite the aforementioned limitations with regaadscological validity, as noted by
Clare et al. (2005), there does not appear to persthod more precise in its evaluation
than to simply ask the patient what they believeualtheir own ability (subjective self
report) and subsequently have them complete arctbl@aneasure of that ability,
calculating the discrepancy between the two attmelusion. It remains unclear at this

time what methods might better address the isseeabgical validity.
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Considering the possibility that the predictiomfpemance method may be the
most face valid approach, assessing deficit oghtsof memory functioning in
nonclinical populations would require a very preamseasurement. Asking participants
to predict the number of units of information theyl recall and then objectively
assessing that specific variable has more facditsathan other measures. Most other
measures consist of a process in which objectisefuating memory is
methodologically different than how the participaatbjectively evaluate their predicted
memory performance. As such this method shoul@red both the validity and
precision of the overall assessment of insightst ef supra-span list learning, such as
the Hopkins Verbal Learning Test-Revised (HVLT-Rgahe California Verbal
Learning Test-11 (CVLT-Il), provide a precise ass@&nt of number of words
remembered in immediate and delayed recall triAksking participants to estimate the
number of words they believe they can remembersabdequently administering the
tests to see how many words they actually rememnmrthe immediate and delayed
trials, provides that immediate discrepancy indegrder to determine where each
individual falls on the continuum.
Summary and Purpose of the Current Study

As it is believed that anosognosia as a clinigablsome exists on a continuum of
insight and self-awareness, and as such thatdalligduals fall somewhere on this
continuum ranging from full insight to the complekeficit of awareness known as
anosognosia, participants will fall on this spegtrmto one of three groups: those who

overestimate their performance, those who accyrastimate their performance, and
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those who underestimate their performance. Thethgsis is that those individuals who
are found to be inaccurate (overestimate or unterate) should display relative deficits
on tests of right frontal functioning and no retatdeficits on tests of left frontal
functioning or left and right posterior functionin@ur group consisting of those
participants who accurately estimate their membaogufd not show significant deficits on
neuropsychological tests and would thus fall onsipectrum within the range of full

insight.
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CHAPTER I
Method
Participants

The patrticipants consisted of 60 individuals vathage range of 18-38 yeaks (
=20.66,SD= 3.32). They were recruited from an undergragpaipulation at a major
university. Exclusion criteria included a histarfytraumatic brain injury, stroke or other
cerebrovascular insult, a history of neurologitdakss, a history of psychological
disorders, current use of psychotropic medicatiand,any other psychiatric or
neurological ailment. These data were procured\gabject history and demographics
form participants filled out prior to beginning teudy. Participants were provided with
written informed consent to participate and oudgtwas approved by the Institutional
Review Board of Middle Tennessee State University.

Apparatus

Animal Naming (AN) The AN (Strauss, Sherman, & Spreen, 2006) $est |
measure of semantic fluency requiring the partitiga name as many different animals
as possible within 60 seconds. The dependenthtariathe number of accurate words
produced within the specified time limit.

Beck Depression Inventory-Il (BDI-11)The BDI-1I (Beck, Steer, & Brown, 1996)
is designed to assess the presence and degrdérefpseted depression in a 21 item self
report format. The items are related to diffegmhptoms commonly associated with
clinical depression. Each item is endorsed byptiteent on a scale of 0 to 3 with a range

of possible scores from 0 to 63. The dependeridbiaris the patient’s raw score.
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Boston Naming Test (BNT:-2Yhe BNT-2 (Kaplan, Goodglass, & Weintraub,
1983) is a measure of visual naming to confrontaitiowhich participants are shown a
black and white line drawing of a common object askled to name the object. The
objects are presented with increasing difficultyalving a range from common objects
to more rare objects. The dependent variablesi;ittmber of items correctly identified
out of 60 total line drawings.

California Verbal Learning Test-1l (CVLT-l)The CVLT-Il is a test of verbal
learning and memory using a supra-span list legrfurmat. The test measures both
recall and recognition of word lists. Initiallyixteen words are presented over five
immediate recall trials, after which one interfarertrial of sixteen novel words are
presented in an immediate recall format followedalshort delay free recall and a short
delay cued recall of the words from the initiat.li¢\fter 20-25 minutes, during which
nonverbal testing is administered, the long detag fecall trial is administered followed
by the long delay cued recall trial, both constf words from the first list (Delis,
Kramer, Kaplan, & Ober, 2000). The dependent Wéeigs the discrepancy between the
participant self estimation of word recall and attoarticipant performance.

Cognitive Estimation Test (CETYhe CET (Axelrod & Millis, 1994) is a
measure of the ability to generate a problem sglpian in response to questions
requiring participants to give approximate answetarticipants are presented a series of
guestions regarding topics for which they may hakevant knowledge and are asked to

make an estimate of the answer. The dependemiblais the deviation score dependent
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upon how much each answer given varies from thgeraf accurate responses such that
the higher deviations mean more impaired performanc

Controlled Oral Word Association Test (COWAThe COWAT (Strauss,
Sherman, & Spreen, 2006) is a measure of lexigahtty requiring the participant to
generate as many words as possible within 60 seassidg a specified letter (F, A, and
S). The words may not be proper nouns, numberstean words with different endings.
The dependent variable is the number of accuratdsyaroduced within the specified
time limit.

Coren, Porac, and Duncan Laterality Questionnai@D). The CPD (Coren,
Porac, & Duncan, 1979) is a self-report questiomneonsisting of 13 items designed to
assess the patient’s lateral preferences for thig iand, eye, and ear. Items are scored
as +1, -1, or O for “right”, “left”, or “both” resgctively with a range of scores from -13 to
+13.

Grip Strength (Hand Dynamometer]he grip strength test (Strauss et al., 2006)
measures the strength of grip of each hand usmgdfayette Hand Dynamometer
(Lafayette Instrument Company). This test assabsemtegrity of motor function and
requires participants to hold the handle in onedheamd squeeze the control with the
fingers as hard as possible. Additionally, pap@cits are required to estimate their
ability to squeeze the control with half the strigngf the first trial for each hand by then
squeezing it with half as much force. The depenhdanable is the kilograms of grip

strength and perseverative measurement for each han
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Line Bisection Task (LB)The LB is a measure of visual perception andiapa
neglect. Participants are presented with a hotatdine drawn across a page and asked
to bisect the line by placing a mark in the exagtter of the line. The measure is scored
by the distance the participant’s mark deviatemftbe true center in millimeters. The
dependent variable is the average deviations aatbfige trials. Specifically, deviations
to the left of true center are negative and demmtito the right of true center are positive.

Ruff Figural Fluency Test (RFFT)The RFFT (Ruff, 1996) is a measure of
nonverbal figural fluency. The test consists wéfparts, each consisting of a different
stimulus pattern composed of dots. Participargdrestructed to draw as many figures as
possible by connecting at least two dots withiiva flot matrix. Additionally, they must
use straight lines and are instructed to make ag/maique patterns as possible within
the specified time limit. The dependent variakléhe overall total number of unique
designs produced across the five trials.

Stroop Color-Word Test (SCWTJhe SCWT (Strauss et al., 2006) is an
executive functioning measure that assesses s@attention and cognitive flexibility.
The Golden version consists of three pages of tHdfs per page. The first page are
color words printed in black ink, the second pageXs printed in red, green, or blue ink.
The third page consists of color words printedatocs that do not match the words.
Patients are instructed to read the items on eagh ps quickly as possible and given 45
seconds per page to do so. The dependent vaisatle number of words read from the

Color-Word trial.
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Trail Making Tes{TMT). The TMT (Tombaugh, 2004) is an executive
functioning measure that assesses visual scarmnoggssing speed, cognitive flexibility,
and general executive function. It consists of paats, A and B, with a practice trial
preceding each part. Part A requires participemt®nnect 25 circled numbers in
numerical order using straight lines as quicklyassible without removing their pencil
from the paper. Part B requires participants toneat 25 circled letters and numbers in
numerical-alphabetical order, however in this plagly must alternate between numbers
and letters and do so using straight lines as uak possible without removing their
pencil from the paper. The dependent variableamh @art is the time required to
complete the task.
Procedure

Initially, written informed consent was obtainedrh all participants.
Additionally, relevant demographic information wastained, such as age, sex, years of
education as well as any history of psychologicsbler or neurological illness. All
participants filled out a form indicating whethey were using psychotropic
medications at the time of the study. Participavése then seated at a table in the
laboratory and administered the BDI and CPD poaesting. Following these
guestionnaires, they were told, “I am going to radigt of 16 words. How many of
those 16 words do you think you can remember?f; teeponse recorded, and then
administered the standardized instructions foiGR&T-I11 followed by all five trials.
Following the immediate recall trials of the CVLT-he participants were administered

the TMT, SCWT, LB, CET, RFFT, and the Hand Dynamtenégrip strength and
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estimated half grip strength). At the end of 20r2&utes the participants were asked,
“Do you remember those 16 words | read before? H@amy of those 16 words do you
think you can remember?”, their response recorded then administered the long delay
free recall trial of the CVLT-II. Following compgien of the CVLT-II the participants
were administered the COWAT (FAS), AN, and BNTTesting was concluded with a
debriefing. The order of administration for abti® was randomized to control for

sequence effects.
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CHAPTER 1l
Results

We first grouped our participants according to thieethey were accurate (ACC)
or inaccurate (IACC) in their estimation of theiemory functions. Research has shown
individual working memory to be capable of handlifhg/- 2 units of information
(Miller, 1956). As such, participants whose estioradeviated by two or more words
from their actual performance comprised the IACGugr. Those whose estimations
were within one word of their actual performancenpoised the ACC group. All
analyses were conducted using an experimentwida alp.05. Additionally, all
multiple comparisons were done using Tukey’'s HSD.

Initial analyses were conducted to determine iuigrdifferences existed in regard
to age, lateral preference, and depression. Asefione-way between-subjects
ANOVA'’s were conducted on each of these dependamales. The results indicated
no significant difference$;(1, 58) = .161p = .690, in age between the ACK € 20.42,
SD=3.13) and the IACQM = 20.79,SD = 3.49) groups. No significant difference in
laterality was foundi=(1, 58) = 1.392p = .243, between the ACGA(= 6.23,SD=5.71)
and IACC M =8.0,SD= 5.40) groups. Additionally no significant féifence in
depressionk(1, 58) = .203p = .654, was found between the AQZ € 8.28,SD= 7.10)
and IACC M =7.56,SD=5.17) groups. Hence, these variables wereabunds

given their lack of significance (see Table 1 fasbriptive Statistics).
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Accurate vs. Inaccurate

Primary analyses were then conducted using the gamugs to determine if
differences existed in regard to neuropsycholodizattioning. A series of one-way
between subjects ANOVA's indicated no significaiffestences in tests of left frontal
lobe functioning (FASK(1, 58) = 1.493p = .227), SCWTFR(1, 58) = .481p = .491),
HDR (F(1, 58) = .669p = .417), TMT £(1, 58) = .80p = .779), CET (1, 58) = .379p
=.540)) between the ACC and IACC groups. Thereevadso no significant differences
in tests of right frontal lobe function (RFFIF(QL, 58) = .004p = .953), HDL E(1, 58) =
.047,p = .829)) between the ACC and IACC groups. Theseamo significant
differences in tests of left parietal lobe functi@&@NT (F(1, 58) = 1.523p = .222), AN
(F(1, 58) =.002p = .961)) between the ACC and IACC groups. Latstgre were no
significant differences in a test of right paridtade function (LB E(1, 58) = .033p =
.856)) between the ACC and IACC groups (see Talbbe Descriptive Statistics).
Overestimate vs. Underestimate

The lack of significance in our primary analysisynm@ve been due to the fact
that the inaccurate group was comprised of botedhdividuals who overestimated
their performance and those individuals who undenaged their performance. This
may have added extraneous variance to the extanthtre is any systematic difference
between those who overestimate and those who wstoheate. Hence, subsequent
analyses were conducted by dividing participanis more specific groups, allowing us
to determine whether there was a significant caffiee between those who

underestimated (U) their performance, classifietbeting to a deviation of minus one
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word or more from accuracy, and those who overegéch(O) their performance,
classified according to a deviation of plus onedvor more from accuracy. Those who
were accurate in their estimation (i.e. a deviaoore of 0) were not included in this
analysis.

A series of one-way between groups ANOVA'’s weredtarted to determine
whether there were significant differences betwibertwo groups in terms of
neuropsychological function. Analyses indicatedsigmificant differences in either tests
of left parietal (BNT E(1, 51) =.100p =.753), AN £(1, 51) = .277p = .601)) or right
parietal (LB (1, 51) = .040p = .842)) lobe function. Results indicated no gigant
differences in four tests of left frontal lobe ftion (FAS E(1, 51) = .411p = .525),

HDR (F(1, 51) = .052p = .820), CET (1, 51) = .092p = .763) SCWTF(1, 51) =

.071,p =.791)) and a test of right frontal lobe functi#tDL (F(1, 51) = .1.405p =

.241)). Results did indicate a significant diffiece between the two groups on a test of
left frontal lobe function (TMTR(1, 51) = 6.683p = .013)) and a test of right frontal
lobe function (RFFTHK(1, 51) =5.792p = .020)). Specifically, we found that those
participants who overestimated their memory funcgbowed a relative deficit on both a
test of left frontal and a test of right frontabefunction (see Table 2 for Descriptive
Statistics).

Overestimate, Underestimate, Accurate

Final analyses were conducted to determine whetineore specific difference, in
terms of neuropsychological function, existed dejiegon whether an individual

overestimated or underestimated their memory fanstiwvhile including those
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individuals who were relatively accurate. We imt®d both those participants who were
accurate (left out of the previous analysis), atdmed our original criterion of a plus or
minus two word deviation from dead accuracy. Weddid participants into three
groups: those who overestimated their performa@gdetbiose who underestimated their
performance (U), and those who were fairly accuratbeir estimation (A). Those who
overestimated their performance were classifiedm@eg to a deviation of plus two or
more words from dead accuracy. Those who underattd their performance were
classified according to a deviation of minus twarare words from dead accuracy.
Those who were accurate were classified accordirrgdeviation of plus or minus one
word from dead accuracy. A series of one-way betwsbjects ANOVA’s were
conducted to determine whether group differencéstexkin terms of neuropsychological
function.

The results of these analyses indicated no sigmifidifferences in tests of left
frontal lobe functioning (SCWTH(2, 57) = .270p = .765), FAS (2, 57) = .758p =
.473), HDR E(2, 57) = .329p = .721), TMT E(2, 57) = 2.632p = .081), CET E(2, 57)
=.202,p = .818)) between the three groups. There werggroficant differences in
tests of left parietal lobe function (BNF(@, 57) = .779p = .464), AN (2, 57) = .382,

p = .684)) between the three groups. There werggroficant differences in a test of
right parietal lobe function (LBR(2, 57) = .044p = .957)) between the three groups.
There were no significant differences on one tésigbt frontal lobe function (HDL

(F(2, 57) =.098p = .907)) between the three groups. However, dind significant

differences in one test of right frontal lobe fuoot(RFFT (2, 57) = 3.803p = .028))
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between those who overestimated and those who estdaated. Specifically, we found
that those individuals who overestimated their mgnfionction showed a relative deficit
on a test of right frontal lobe functioning. Andiiitbnal finding was that those
individuals who underestimated their memory funcigatually performed significantly
better on a test of right frontal lobe functionthgn those overestimated (see Table 3 for

Descriptive Statistics).
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CHAPTER IV
Discussion

The findings of the primary analyses did not supfite hypothesis that accuracy
in memory estimation would be related to right tedriobe functioning. Those
participants who were inaccurate in their estimmattbmemory function did not
significantly differ in performance to those whor@eccurate and did not show any
relative deficits on tests of right frontal lobenfition. Indeed, no significant results were
found when analyzing participants according to Whethey fell into the accurate or the
inaccurate groupings.

Subsequent analyses were conducted to exploratkef support for our
primary hypothesis. The majority of the relevitetrature positing a right frontal lobe
contribution to disordered awareness in memorytfanmg was conducted using clinical
populations, primarily consisting of dementia patse(Antoine et al., 2013; Armanzio et
al., 2012; Harwood et al., 2005; Michon et al.,4,90tt et al., 1996; Starkstein et al.,
1993). Our review of the relevant literature waslhie to find research concerning
nonclinical populations that addresses the neuddydggical correlates of insight in
memory functions As such, our hypothesis emanated from a need toiexahe
continuum of a clinical phenomenon (anosognosi#) winonclinical population. The
majority of the existing clinical literature supp®the theory that individuals with AD
tend to overestimate their memory and cognitivefioms or underestimate the severity
of their deficits (Ansell & Bucks, 2006; Antoine &t, 2013; Clare et al., 2010; Correa et

al., 1996; Cosentino et al., 2007; Duke et al.,200cGlynn & Kaszniak, 1991; Ott et
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al., 1996; Ries et al., 2012; Sevush & Leve, 188wart et al., 2010). Given this data,
it was necessary to further examine whether ourgigaints would differ according to
whether they overestimated or underestimated themory functions.

Subsequent analysis was done after dividing ppeits into those who
underestimated their memory functions and those ovieoestimated their memory
functions. This analysis yielded significant résulSpecifically, it was found that those
individuals who overestimated their memory funcsi@mowed a relative deficit on a test
of attention and cognitive flexibility (TMT) andtast of nonverbal fluency (RFFT).
Research has indicated that performance on the iEM3lated to left frontal lobe
functioning. Specifically, patients with damagethe left dorsolateral prefrontal cortex
perform worse than those with damage to the honmoiegight dorsolateral prefrontal
cortex (Stuss et al., 2001). Further, the RFRMda measure of nonverbal fluency has
been shown to correlate significantly with righdrital lobe functions (Foster,
Williamson, Harrison, 2005; Ruff, Allen, Farrow, &ann, & Wiley, 1994). Hence,
participants who overestimated their performandeleted bilateral frontal lobe deficits
relative to those who underestimated their perfoicea

The subsequent analysis described above did netnék consideration those
who were accurate in their performance. Hencegéte were reanalyzed to include these
individuals. Three groups were created: those wiarestimated (plus two or more
words), those who underestimated (minus two or manels), and those who were
accurate (plus or minus one word). Hence, thialfanalysis was done after grouping

participants in terms of those who overestimatedse who underestimated, and those
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who were accurate in their estimation. Resultsraigaicated that participants who
overestimated their memory functions showed a greatative deficit on a
neuropsychological test than those who underestandieir memory and those who
were accurate in their estimations. Specificallpse who overestimated evidenced a
relative deficit on a test of nonverbal fluency (RF. More remarkable was the fact that
those individuals who underestimated their memangcfions actually performed the best
on a test of nonverbal fluency (RFFT). As mentopeeviously, the RFFT being a
measure of nonverbal fluency has been shown teledersignificantly with right frontal
lobe functions (Foster, Williamson, Harrison, 2005)

Research is not consistent concerning the defmiifovhat constitutes awareness
of cognitive functions. The presence of anosognosclinical populations, particularly
in Alzheimer’s disease, consists of those patiesiitis overestimate their cognitive
abilities. Specifically, patients tend to eith@ecestimate their cognitive abilities or
underestimate the severity of their deficits (¢'Dgctor my memory is perfectly fine” or
“Doctor | do not have trouble with that”). It doest stand to reason that patients who
underestimate their abilities, and subsequentlfop@arwell on tests of cognitive
function, possess a deficit of awareness consigtghtanosognosia. Rather, it may be
that they have increased insight to the point afidpeverly modest in regards to their
personal self-reflection as they are analyzingrthersonal knowledge base concerning
their own abilities and determining that they maydeficient. As such, it is possible that
the reason we did not observe frontal lobe definithose participants who

underestimated their cognitive functioning is do¢hte fact that the particular lack of
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insight is not anosognosia but rather the pregipmsite: awareness. This finding that
participants who underestimated performed bettex tast of right frontal lobe function
than those who were accurate, lends credence idebdhat modesty is perhaps a
function of insight.

Individuals with anosognosia deny deficiencies elatm proper functioning.
Indeed this trend is in the same direction witharelg to our current study. Otherwise
stated, if those AD patients who overestimate tbegnitive functions, and therefore
possess anosognosia for memory deficits, then theskhy participants in our study
who overestimated their cognitive functions maysess a deficit akin to that seen in the
clinical populations, albeit not clinically sigrent. Thus, the key to understanding
anosognosia as a deficit in awareness of partical@nitive functions is to relate it to
healthy participants in paradigms in which theyregémate their cognitive functions.
As such, it follows that our findings concerninglimduals who overestimated their
cognitive functions are clinically relevant to tsyndrome of anosognosia. We found
that healthy adult participants who overestimakegdrtmemory functions evidenced a
deficit on a neuropsychological test of right frainbbe functioning relative to those
participants who underestimated their abilitiesisTis consistent with the relevant
clinical research regarding the neuroanatomicassates of anosognosia and general
deficits of awareness in patients with Alzheimelisease.

As noted earlier, the literature regarding the genance of healthy adult
participants in memory prediction/performance payed is variable at best. This study

was unable to find literature regarding the neuyobslogical functions of healthy
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participants completing memory prediction/perforceparadigms in terms of its
relation to the clinical phenomenon of anosognoS$ar findings indicate that
individuals who tend to overestimate their cogmitiunctioning, in this case memory,
also have a tendency to perform worse, relatitbdse who underestimate or whom are
accurate, on a test of right frontal lobe functidrhe finding that individuals who
underestimated their memory functions performetebein a right frontal test than those
who were accurate has significant implicationgself. Future research into the neural
substrates of awareness may elucidate the roledmaepts such as “modesty” have to
play in the way an individual self reflects and wie this is a function of self-
awareness. Regarding our current findings, thereams significant clinical relevance to
understanding the neuropsychological phenomenanagognosia and its presentation in
patients with neurodegenerative diseases.

The clinical implications of results of memory pigtn/performance paradigms
are significant. Attempts to understand and laealhe areas of the brain that govern
awareness of cognitive function are paramount ttetstanding the syndromes
accompanying both the areas and the functions thlges The vast majority of the
relevant literature indicates that awareness defand systems controlling insight may
be localized to the right hemisphere in particaliad to the right frontal lobe (Auchus et
al., 1994, Derouesne et al., 1999; Harwood e28D5; Salmon et al., 2006; Shibata et
al., 2008; Starkstein et al., 1995; Vogel et &002). It has been noted that the presence
of deficits on tests of awareness may contribuagmibstically to determining whether

pathological changes seen in neuroradiology aneatigde of Alzheimer’s disease or
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another dementia, due in part to the fact thatcdsfin awareness are more attributable to
AD than the other cortical dementias (Wagner etl&l97).

Although unawareness of progressive brain detdrmranay be welcomed by
family members of AD patients, these patients artiqularly prone to high risk
behaviors and unawareness may be related to dahatlifferent areas of cognitive
function (Anderson & Tranel, 1989; Starkstein, &mdlizrahi, Adrian, & Robinson,
2007; Wagner et al., 1997). Others have founddbétits in awareness occur in
behavioral domains concurrently with their defigiiognitive functions (Vasterling et
al., 1995). Understanding the process by whiclsagieosia operates within Alzheimer’s
disease will allow for a better understanding @f tisk to patients depending upon the
neuropathological changes present in their brafdditionally it will provide for more
targeted interventions and methods by which clamsimay assist patient relatives in
determining when care is needed (Mullen, Howardji@d_evy, 1996). Auchus et al.
(1994) notes that AD patients with significant tiglemisphere involvement in the early
stages of the disease process may also experieficesdn awareness thereby
preventing them from seeking medical treatment.

There are legal and ethical considerations reggnoiatient treatment in cases of
anosognosia in Alzheimer’s disease. Medical pseesuch as standard informed
consent, power of attorney and legal custody, anteption of patients from exploitation
are all considerations (Mullen et al., 1996; Vdsigret al., 1995). Additionally, patient
compliance with treatment regimens becomes an isgheanosognosia (Mullen et al.,

1996). Patients may have significantly unrealistipectations for treatment outcomes
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and significantly overestimate their own abilitydare for themselves (Anderson &
Tranel, 1989; Vasterling et al., 1995).

Perhaps the most direct implications are with régao the daily functioning of
normal individuals. The findings that healthy papants who did not accurately
estimate their memory function also showed a nedadieficit on a test of right frontal
lobe function may imply potential deficits with i@&gls to awareness of behavior patterns
among young adults. Given the pattern of riskrtghbehavior among college age
students, it may be imperative to examine the vayghich these individuals self-reflect
and evaluate their proposed actions. Additiondigre are summary implications
regarding the general attitude of young adults wefierence to their expectations about
the world. If deficits in self-awareness do exstong this particular population, there
may be unrealistic expectations about everythiomfthe level of risk involved in
typical youth behavior to their ability to withsththe normal difficulties and hardships
fundamental to the reality of life. Understandthg construct of self-awareness, its
neurological substrates, and how it functions ahkalthy adult brain, are crucial to
examining the role it plays in normal behavior.

Finally there are general considerations regarthegonstruct of human self-
awareness. Any paradigm examining insight in dbgmfunctions or any other form of
personal insight must take into consideration wéethe results can be generalized to a
discussion of how self-awareness functions in t@dmn brain. Given the vast amount of
clinical literature regarding anosognosia in AD dnel literature regarding awareness of

cognitive functions in normal populations, it starid reason that there is a need to unify
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the construct of self-awareness. This would bestdne using the clinical aspects of
self-awareness (anosognosia) and the data regdrdaitiy individuals with otherwise
no deficits in insight. The aforementioned continuof awareness can be further
developed using these operational paths. Furéserarch into the construct of self-
awareness can lend valuable information as to #ensby which it is present as a result
of brain function and how it can be altered andrdged by disease processes and
neuropsychiatric conditions such as schizophrenkapmlar | disorder.

Methodological considerations and limitations mustaken into account. There
is a problem with generalizability of research cenming anosognosia in cognitive
domains, as the majority of studies use awarerfasemory function as the primary
paradigm (Antoine et al., 2013). Itis unclear h@hevant to the overall construct of
awareness any data may be that is gathered fronorgeawareness paradigms. Antoine
et al. (2013) notes that the major methodologtoalsideration in assessing anosognosia
and examining awareness is identification of alihef possible cognitive domains
affected by Alzheimer’s disease and their relatigps to awareness. Additionally it is
important to determine which awareness paradige$®est applied to particular
cognitive domains rather than simply using the saarestruct for each domain (Antoine
et al., 2013). Assessing multiple cognitive dorsawould better advance the
understanding of anosognosia (Vasterling et aB51.9

Aside from inherent limitations regarding test délf and administration, testing
environment, and participant conditions, our metbbgrediction/performance

discrepancies has a major inherent limitation el@gical validity. In this respect it is
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unclear how ecologically valid it is to have aniindual estimate their memory function
and subsequently objectively measure that memibtyas been noted that it may be
difficult for research participants to estimateitherformance on standardized tests
administered in a laboratory setting that are nebentered in everyday living (Clare et
al., 2005). Additionally it may be better for intlual awareness of cognitive functions
or an individual’'s awareness in general to be a&skgsing measures that can be
attributed to everyday common situations (Clarale2005). As such, we must direct
future research in this area toward developing nreasof self-awareness that correlate
with activities with which normal individuals wille familiar.

Further research may seek to develop new and etategically valid methods of
assessment into self-awareness. Additionally,rgougr finding that participants who
underestimated their own cognitive abilities outpened those who were accurate in
their personal estimates, a very interesting afdarther research may be to examine
whether this finding can elucidate the limits ofgmnal insight in the form of human
modesty. This may also be explained in some o#i®eyet undefined, reason why
individuals may have a tendency to assume theyegessibstandard ability in whatever
domain is being assessed. In either case thiddbelwexamined in addition to further
exploration of the finding that our participantsawwerestimated their cognitive
functions evidenced a relative deficit on a tegtigiiit frontal lobe function. Ultimately,
the research into the functions of particular addbe right frontal lobe subsuming the
human ability of self-awareness, may lead us toadisring the reasons why our species

IS unique in this particular ability.
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APPENDIX A

Tables and Figures

Table 1
Descriptive Statistics for Primary Analysis
1 (IACC) 2 (ACC)
M SD M SD
AGE 20.79 3.49 20.42 3.13
CPD 8.00 5.40 6.23 5.71
BDI 7.56 5.17 8.28 7.10
TMT 66.69 30.60 64.47 25.77
HDL 26.10 8.30 25.57 10.26
HDR 30.05 8.99 28.04 9.15
HDLP 37.25 25.05 32.95 20.98
HDRP 48.94 21.53 46.66 16.80
CET 6.41 2.12 6.04 2.26
SCWT 45.02 11.06 47.00 9.38
RFFTUD 85.43 26.06 85.04 19.91
LB -3.34 3.76 -3.16 3.07
FAS 36.20 9.05 39.61 12.37
AN 20.92 5.08 20.85 4.61

BNT 50.05 6.08 51.80 3.17




Table 2
Descriptive Statistics for Secondary Analysis
1 (V) 2 (0)
M SD M SD
AGE 20.33 1.80 20.89 4.25
CPD 8.37 4.62 7.24 5.52
BDI 8.45 5.29 7.27 6.85
T™MT 55.75 16.96 75.82 34.73
HDL 23.95 7.11 26.89 10.26
HDR 28.83 8.12 29.41 10.00
HDLP 32.79 24.65 36.24 22.21
HDRP 47.00 21.22 47.86 20.47
CET 6.20 2.08 6.37 2.00
SCWT 45.83 9.82 46.62 11.39
RFFTUD 92.70 24.03 76.96 23.42
LB -3.22 3.00 -3.03 4.01
FAS 36.66 10.74 38.48 9.86
AN 21.66 5.39 20.96 4.30
BNT 50.58 3.82 51.06 6.66
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Table 3
Descriptive Statistics for Tertiary Analysis
1 (V) 2 (A) 3(0)
M SD M SD M SD
AGE 20.52 1.67 20.42 3.13 21.05 4.65
CPD 8.42 5.18 6.23 5.71 7.60 5.71
BDI 8.57 5.37 8.28 7.10 6.60 4.92
T™MT 56.21 17.23 64.47 25.77 76.65 37.11
HDL 25.52 6.96 25.57 10.26 26.65 9.55
HDR 30.05 8.72 28.04 9.15 30.05 9.47
HDLP 34.63 26.89 32.95 20.98 39.75 23.60
HDRP 47.47 22.59 46.66 16.80 50.35 20.97
CET 6.47 2.09 6.04 2.26 6.35 2.20
SCWT 44.57 9.72 47.00 9.38 45.45 12.44
RFFTUD 95.78 24.51 85.04 19.91 75.60 24.09
LB -3.47 2.86 -3.16 3.07 -3.21 4.53
FAS 36.57 9.20 39.61 12.37 35.85 9.12
AN 21.63 5.84 20.85 4.61 20.25 4.29
BNT 50.26 4.02 51.80 3.17 49.85 7.65




Histogram 1
Differences in RFFT Performance for Three Groups
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Appendix B

MTSU Institutional Review Board Approval Form
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October 29, 2013
Ransom W. Campbell
Psychology Department
rwc2y@mtmail.mtsu.edu

Protocol Title: “Awareness of Memory and Brain Function on a Continuum of Insight:

Assessing the Presence of a Dysnosognosia”
Protocol Number: 14-111

Dear Investigator(s),

The MTSU Institutional Review Board, or a representative of the IRB, has reviewed the research
proposal identified above. The MTSU IRB or its representative has determined that the study
poses minimal risk to participants and qualifies for an expedited review under 45 CFR 46.110
Category 7. Approval is granted for one (1) year from the date of this letter.

According to MTSU Policy, a researcher is defined as anyone who works with data or has contact
with participants. Anyone meeting this definition needs to be listed on the protocol and needs to
provide a certificate of training to the Office of Compliance. If you add researchers to an
approved project, please forward an updated list of researchers and their certificates of
training to the Office of Compliance (Box 134) before they begin to work on the project.

Any change to the protocol must be submitted to the IRB before implementing this change.
Please note that any unanticipated harms to participants or adverse events must be reported to
the Office of Compliance at (615) 494-8918. You will need to submit an end-of-project form to the
Office of Compliance upon completion of your research located on the IRB website. Complete
research means that you have finished collecting and analyzing data.

Should you not finish your research within the one (1) year period, you must submit a
Progress Report and request a continuation prior to the expiration date. Please allow time
for review and requested revisions. Your study expires October 29, 2014.

Also, all research materials must be retained by the Pl or faculty advisor (if the Pl is a student) for
at least three (3) years after study completion or be destroyed as evidenced in the application.
Should you have any questions or need additional information, please do not hesitate to contact
me.

Sincerely,

Charles H. Apigian, PhD.

Chair — Computer Information Systems
Committee Member of IRB

Middle Tennessee State University



