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ABSTRACT
This project examined the relationship of provieterpretation and Theory of Mind

(ToM) to functional independence in a cognitivehyaict older adult population. Participants
were administered tests of executive function, prbvnterpretation, ToM, and functional
independence. Results showed that proverb intatpyatand one ToM measure did account for
a significant amount of unique variance in funcéibimdependence. Results of a multiple
mediation model suggested that the combined indakects of the executive function measures
accounted for the relationship between ToM andtfanal independence. Results of this project
suggest that tests of ToM may not be beneficial &milar functional independence measure. A
test of proverb interpretation, however, may beeful tool during a diagnostic assessment

where functional independence is a concern.

INDEX WORDS: Proverbs, Theory of Mind, Neuropsyatgy, Functional Independence



PROVERB INTERPRETATION AND THEORY OF MIND: EXPLORIG FUNCTIONAL

INDEPENDENCE IN A COMMUNITY-DWELLING GERIATRIC POPUATION

FAYEZA SABAH AHMED
B.S., Washington State University, 2004

M.S., University of Georgia, 2008

A Dissertation Submitted to the Graduate Facultytué University of Georgia in Partial

Fulfillment of the Requirements for the Degree

DOCTOR OF PHILOSOPHY

ATHENS, GEORGIA

2011



© 2011
Fayeza Sabah Ahmed

All Rights Reserved



PROVERB INTERPRETATION AND THEORY OF MIND: EXPLORIG FUNCTIONAL

INDEPENDENCE IN A COMMUNITY-DWELLING GERIATRIC POPUATION

FAYEZA SABAH AHMED

Major Professor: L. Stephen Miller

Committee: Steven Beach
Ronald Blount
Joan Jackson

Electronic Version Approved:

Maureen Grasso

Dean of the Graduate School
The University of Georgia
May 2011



DEDICATION
This dissertation is dedicated to my husband amdns for their love and support. |
would like to extend a special dedication to myngi@zarents, who inspired me to embark on a

career in aging research.



ACKNOWLEDGEMENTS
| would like to thank my major professor, Dr. Ltefhen Miller, for his mentorship
throughout this process. | would also like to thamkcommittee members (Dr. Ron Blount, Dr.
Joan Jackson, and Dr. Steven Beach) for their enhasat of this project. Finally, the following
individuals graciously provided me with test meatsiDr. Francesca Happé and Anita Marsden

for their permission and delivery of the Strangeri®s test; Dr. Simon Baron-Cohen and the Autism

Research Centre for allowing me the use of the Rasxtest.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS

LIST OF TABLES

LIST OF FIGURES
CHAPTER

1 INTRODUCTION

2 METHODS

3 ADEQUATE PROVERB INTERPRETATION IS ASSOCIATED WH

PERFORMANCE ON THE INDEPENDENT LIVING SCALES

4 RELATIONSHIP BETWEEN THEORY OF MIND AND FUNCTIOAL

INDEPENDENCE IS MEDIATED BY EXECUTIVE FUNCTION

5 DISCUSSION

REFERENCES

Vi



LIST OF TABLES

Page

Table 1.1: Demographic INfOrmMation ..........ceeueeiiiiiii e 59
Table 2.1: Descriptive Information for All Indepesmdt and Dependent Variables................! 0...6
Table 3.1: Correlation Matrix of independent angpB®adent Variables ... 61
Table 4.1: Multiple Regression Analysis of ILSDYKEFS Proverb Test.......cccccoeveevvennn. 2..6
Table 1.2: Demographic INfOrmMation ..........ceeeeeiiiiiiii e 95
Table 2.2: Descriptive Information for All Indepesmdt and Dependent Variables................! 6...9
Table 3.2: Correlation Matrix of independent angB®adent Variables...........cccooooeiiiiiiiieeee 97
Table 4.2: Multiple Regression Analysis of ILS byefige Stories Test.... ..ooiiiiiiiiiiiiid 98
Table 5.2: Multiple Regression Analysis of ILS bgux Pas TeSt...........uceiiiiiiiiiiiiiiiiceae. 99
Table 6.2: Multiple Regression Analysis of Straisgeries Test by

D-KEFS ProverD TESt. ... ..ottt 100

vii



LIST OF FIGURES

Figure 1.2: Executive Function Mediators of theaS¢e Stories-ILS Relationship

viii



CHAPTER 1
INTRODUCTION

The geriatric population is growing exponentialiythe United States. By 2030, the
number of older adults (i.e., age 65 and oldeestgmated to jump to 20% of the total U.S.
population (Federal Interagency Forum on Age-Rdl&tatistics, 2008). As the geriatric
population increases, so does the prevalence o¢wulgamn As of 2004, 24.3 million people in the
world had a diagnosis of dementia, and this numisgy increase by as many as 4.6 million
annually (Ferri et al., 2005). In 2001, 60% of detreeoccurred in developed nations. This
number is expected to reach 71% by 2040 (Ferii,e2@05). The increasing rates of dementia
has a significant effect on the economy. Annualtheare costs of Alzheimer’s disease is
expected to be $1.08 trillion. Individuals diagnbse an earlier stage and subsequently
prescribed cholinesterase inhibitors had annudthheare costs that were $2,408 less than those
at a later stage (Fillit, Hill, & Futterman, 2002).more recent study conducted by McCarten and
collegues found that early detection saved indizis$1,700 per year (Steenhuysen, 2010, July).

Therefore, identifying additional methods of deitegtearly signs of decline is paramount.

Normal Age-Related Changes

Physiological changes. As one ages, the body experiences physiologicigds. Cell
death occurs, which can be related to a numbeaabdffs including the buildup of toxic
metabolites, free radicals, and a decreased swpplytrients (Taylor, 1999Another change
that occurs as one ages is the reduction of brassnfrom ages 16-80, brain volume gradually

declines. The rate of decline speeds up after &gBypages 71-80 years, the brain voume is



26% less than that of two to three-year-olds (Cloesae et al., 2000). This is evidenced on
neuroimaging by enlarged ventricles and corticadgty. The brain does not atrophy in an even
manner. Areas that decrease to a greater extdatlanthe precentral gyrus, superior frontal and
temporal gyrus, visual cortex, locus ceruleus, loeltar Purkinje, substantia nigra, and basal

nucleus of Meynert (Flashman, Wishart, Oxman, &K8gy2003).

Cognitive changes. In healthy aging, there still exists some levetofnitive decline
(Flahsman et al., 2003). The physiological charagesne ages affects the brain and appears to
lead to cognitive decline, which can begin as easlpne’s 50s (Kaufman, 2007) and is linked to
age-related atrophy of the brain. Normal cognitieeline affects four main areas: recent
memory, executive functioning, processing speed vearking memory. Age-appropriate
decrease of recent memory is defined as some uifficecalling new information; however, this
is differentiated from pathological memory impaimbén that it is much less severe (Kaufman,
2007). Executive functioning refers to the cogmtprocesses involved in planning and
executing complex behaviors. Therefore, it is comrow older adults to show poorer
performance in solving complex problems comparegbtmger adults (Sorel & Pannequin,
2008; Kaufman, 2007; see below for a more detabetbw). Processing speed (i.e., the rate of
speed in carrying out tasks) also slows with ageally, working memory refers to the ability to
mentally maintain and manipulate information, amd too becomes more difficult as one gets

older (Kaufman, 2007).

Cognitive Theories of Aging
Processing speed theory of aging. First introduced by Salthouse (1985), the processin
speed theory of aging states that the speed inhwdrne performs cognitive functions slows

significantly with age (Salthouse, 1985, 1996).sTthieory is explained by two mechanisms: the



limited time mechanism and the simultaneity mecs@aniThe limited time mechanism posits

that there is a processing speed deficit becawsmtah of the time required to carry out the task
is lost in the beginning steps of the process. &floee, a person simply runs out of time to
effectively carry out the cognitive task. This lekxplain why more demanding, multi-step
cognitive tasks take much longer to complete ireoktults than simple ones. The simultaneity
theory states that information gained in the ihpi@cessing stages is lost over time. Thus, these
two theories build on one another. That is, thetéchtime mechanism explains that one’s
resources are exhausted during earlier procesath¢ha simultaneity theory asserts that what is
gained in the beginning steps of a complex timessover time (Salthouse, 1996).

Salthouse (1996) states that this theory alone dotaccount for all the cognitive
decline seen in aging. For example, Salthouse astb& (1995) administered measures of
cognitive flexibility to older adults and young d¢ouis. As expected, older adults demonstrated
lower performance that their younger counterpdittiss effect was mostly, but not completely,
mediated by processing speed.

Inhibition deficit theory of aging. The inhibition deficit theory of aging postulatésit
older adults struggle with tasks that require titehition of prepotent responses. First described
in 1988 by Hasher and Zacks, the inhibition defigipothesis states that age-related cognitive
change can be traced back to increased difficulti@zhibition tasks. Specifically, this refers to
the ability to parse out distracting informationailgoal-oriented task (Van Gerven, Boxtel,
Meijer, Willems, & Jolles, 2007).

Several studies have supported the inhibition defiodel of aging. Braver et al. (2001)
compared older adults with young adults on measafresgnitive control, which they defined as

the ability to both keep relevant information innkiog memory and to inhibit attention to



distracting information. They found that older adidhowed a decrease in cognitive control
compared to younger adults. Paxton, Barch, Raeim& Braver (2007) found that older adults
were unable to effectively use cognitive contrallsicompared to younger adults. Van Gerven
et al. (2007) examined whether this age-relatettiti@f inhibition is found in both simple and
complex tasks. Their results showed that oldertadid not have difficulty with simple tasks but
struggle in complex tasks of inhibition.

Frontal lobe hypothesis of aging. While both the processing speed and inhibitionaitefi
theories have been supported in the literature, diméy focus on singular aspects of cognitive
decline. A more encompassing theory that includbibitory and processing speed deficits is the
frontal lobe hypothesis (West, 1996). It positg tha frontal regions of the brain deterioratetfirs
and faster than other regions (West, 2000). Thetétdobe encompasses executive functions.
Therefore, the frontal lobe hypothesis of aginggasgs that there is differential atrophy of the
brain, affecting the frontal lobes first and thasulting in decline of executive functions in the
early stages of age-related cognitive decline (WEX6). Age-related cognitive decline has
been linked to the prefrontal cortex (Hedden & Ga&lhr2004). The dorsolateral prefrontal
cortex as well as its association cortices andatical neural networks have shown decline
(Potter & Grealy, 2006). It has also been foundftect the orbitofrontal cortex in addition to the
dorsolateral prefrontal cortex (Lamar & ResnickQ2p It has been suggested that instead of
separate cortical areas responsible for speciic@xe tasks, that they share regions and are
dependent upon one another (Carpenter, Just, &hirei2000).

Physical and chemical changes in the brain have adgsociated with executive
dysfunction. According to Buckner (2004), frontélistal circuits evidence more white matter

decline than the rest of the brain and are assatiaith executive dysfunction with normal



aging. Additionally, gray matter in the frontal regs of the brain has a faster rate of atrophy
than the rest of the brain (Buckner, 2004). Comghémethe temporal, occipital, and parietal
lobes, the prefrontal lobe shows significantly meo&ume loss (Raz & Rodrigue, 2006). White
matter lesions, which often result from cerebraakivessel disease, have also been shown to
affect executive function. Specifically, there \8dence of decline in processing speed and
overall executive decline from white matter lesi¢Backner, 2004; Prins et al., 2005). Cerebral
small-vessel disease also results in infarctsrétdawhite matter lesions, and generalized
atrophy have all been related to the speed of tiwgrdecline (Prins et al., 2005). The presence
of systemic hypoperfusion, which is a result ofdavascular disease, has been linked with
decline in cognitive flexibility (Jefferson, Poppd&aul, & Cohen, 2007). Over time, the
increasing presence of white matter lesions cahti@aubcortical dementia (Lindeboom &
Weinstein, 2004). Finally, dopamine levels declwith age and have also been associated with
general cognitive decline (Backman, Nyberg, Lindagber, Li, & Farde, 2006), including
executive dysfunction (Buckner, 2004). As aforenmsrdd, Paxton et al. (2007) found that older
adults perform more poorly on tasks of cognitivatcol compared to younger adults. Not only
did they find this decline in inhibitory skills, bthey were also able to demonstrate, through
neuroimaging, a significant change in the prefroobatex associated with these skills (Paxton et
al., 2007).

There is a multitude of studies that have detalleficits in executive functions in older
adults (Razani et al., 2007; Wecker et al., 206Gedson et al., 2006; Nutter-Upham et al., 2008
Davies, 1968; Sorel & Pannequin, 2008). Becauseutxe functions are believed to involve the
prefrontal cortex, evidence of age-related exeeutiysfunction supports the frontal lobe

hypothesis of aging. Furthermore, both processiegd and inhibition are associated with the



frontal lobe. Therefore, the frontal lobe hypotkesi aging also helps explain processing speed
and inhibitory deficits observed in aging.

Dementia

Unlike age-related declines, dementia occurs wherdécreases in cognitive ability are
much more severe and continue to get significamtlyse. This results from a neurodegenerative
disease process. According to iegnostic and Satistical Manual of Mental Disorders (DSM-
IV-TR), dementia is defined as “...multiple cognitive defdjincluding memory impairment)
that are due to the direct physiological effecta gieneral medical condition, to the persisting
effects of a substance, or to multiple etiologeg( the combined effects of cerebrovascular
disease and Alzheimer’s disease)” (DSM-IV-TR, 208Q147). As aforementioned, a diagnosis
of dementia is met when there is impairment in mgraad another domain, such as language,
motor skills, or executive functioning (DSM-IV-TRQ00). Dementia can result from multiple
neurodegenerative diseases, such as ParkinsoaasdisPick’s disease, Huntington’s disease,
Lewy body disease, dementia of the Alzheimer tgpel, vascular dementia (Flashman et al.,

2003).

In addition to cognitive decline, there must algoelvidence of functional decline (DSM-
IV). Functional ability is defined as the ability perform self-care tasks and therefore be able to
live independently. These are classified as eitotivities of Daily Living (ADLS) or
Instrumental Activities of Daily Living (IADLs). ADs refer to basic living skills, such as
feeding oneself, bathing, grooming, dressing, asidguthe toilet. IADLs are more complex
skills, such as shopping, managing finances, amthdr In dementia, a person first shows
decline in IADLs before ADLs (Njegovan, Hing, Mitel, & Molnar, 2001). Additionally, there

appears to be a specific pattern of functional Vaigisin the broad areas of IADLs and ADLSs.



Njegovan and colleagues (2001) administered theifidddViini Mental State Exam (3MS), a

brief cognitive screen. Scores are out of 100,lam@r scores indicate cognitive decline. They
found that participants with scores of 75 or higsleswed declines only in IADLS, which

included housework, transportation, meal prepamatod shopping. Participants who obtained
scores of 70 to 75 demonstrated declines in adaitilADLSs, including telephone use, financial
management, and medication management as welkchsafein some ADLS, such as toileting

and dressing. Finally, participants with score®wef0 demonstrated decline across the assessed

ADLs, including feeding and grooming (Njegovan ket 2001).

Relationship between Cognitive and Functional Assessment

As cognitive abilities decline, one can infer ttia functional tasks that are dependent on
those cognitive processes will decline as welfalit, functional status has been shown to
decline according to severity of cognitive defi€tereira et al., 2010). Planning has been shown
to be associated with functional decline, as meskhy a performance-based test (Lewis &
Miller, 2006). In the same study, working memorgrhal fluency, and cognitive flexibility were

also correlated with functional ability.

It is important to note that although there is asagiation between cognitive and
functional decline, research shows that cogniteelide does not completely account for all of
the loss in functional ability. In Lewis & Miller§2006) study, the cognitive skills assessed did
not account for total variance in functional out@measures. Cognitive decline can also
differentially predict functional decline. In a guof cognitive predictors for financial ability,
Sherod et al. (2009) found that performance orWide Range Achievement Test- Third

Edition (WRAT-3) Arithmetic subtest was the bestdlictor for financial ability across groups



with Mild Cognitive Impairment (MCI; individuals wh more cognitive decline than their age-
related peers but not dementia; for a review, sterBen et al., 2009), Alzheimer’s disease, and
healthy controls. Memory for prose passages wasaagsgnificant predictor across all groups.
However, processing speed significantly predictedricial ability in the Alzheimer group while
a task of cognitive flexibility was a significantgalictor in the group with MCI (Sherod et al.,
2009). Furthermore, although cognitive and fundlabilities both decline, one cannot simply
infer the level of functional decline based on ldaeel of measured cognitive decline. For
example, one study (Baird, 2006) found that fun@lalecline was much slower than cognitive
decline. In fact, by the time participants were standard deviations below the mean on the
functional measure, they were already five standaxdations below the mean on the cognitive
measure (Baird, 2006). Therefore, it is importanhssesboth cognitive and functional ability

within the geriatric population.

Executive Function

Definition of executive function. Executive function is defined as the set of cogaiti
processes necessary to complete goal-oriented,lerngsks (Lezak, Howieson, & Loring,
2004; Zelzao & Frye, 1998) and has been assocratedhe prefrontal cortex (Buckner, 2004;
Jefferson et al., 2007; Raz & Rodrigue, 2006; Paxtoal., 2007; Royall et al., 2002; Stuss et al.,
2002; West, 1996). According to Lezak et al. (20@4ecutive function is composed of four
areas. They are: (a) volition, (b) planning, (cigmsive action, and (d) effective performance.
Volition refers to formulating a plan to achievg@al. Planning requires choosing the
appropriate steps to reach the goal. Purposiveraidithe process of carrying out the steps.

Finally, effective performance refers to the abitid evaluate the performance.



However, there is still no agreement on a defimiget of executive functions (for a
review, see Stuss & Knight, 2002). In fact, a tealy be considered to be an executive measure
by one researcher and an attentional measure higaanesearcher (Wecker et al., 2000).
Because of this dilemma, some researchers empogcass-oriented approach. Instead of
trying to differentiate distinct executive funct®and measures that yield only one score, the
Cognitive-Process approach assesses the diffdadiatteat one needs in order to complete skills
that are affected by frontal lobe injufidjomack, Lee, & Riccio, 2005; Delis, Kaplan, & Kram
2001a). Even though an established set of execfuthations has not been determined within
the field of neuropsychology, there is agreemenerbasic assumption that executive functions

are the cognitive processes necessary to compatplex problemg¢Zelzao & Frye, 1998).

Executive dysfunction in aging. Executive function deficits have been consistently
found in the normal aging process. Specificallgréhis significant evidence of declines in
cognitive flexibility and inhibition (Butler & Zack 2006; Davies, 1968; Hasher & Zacks, 1988;
Uekermann, Thoma, & Daum, 2008; Von Hippel & Dunlgp05; Wecker, Kramer, & Delis,

2005; Wecker, Kramer, Wisniewski, Delis, & Kapl&©00).

Cognitive flexibility. Cognitive flexibility is the ability to both adaphd switch between
new instruction or rules (Delis et al., 2001a), #md ability declines with increasing age. For
example, performance on the trail making test (d-gtandard measure of cognitive flexibility)
declines with age (Davies, 1968; Jefferson efal0;7; Nutter-Upham et al., 2008; Wecker et al.,
2000). The trail making test consists of two conga: a sequencing measure and a cognitive
flexibility measure (Army Individual Test Batter{944; Reitan, 1958). Older adults have a more
difficult time on this test than younger adults ¥, 1968). In a study by Sorel and Pannequin

(2008), participants were placed into three gragmording to age (i.e., the mean age of group



one was 22.7, the mean age of group two was 68dlthee mean age of group 3 was 78.5). Task
performance declined with age, as the older groogls longer to complete the tasks and made
significantly more errors. Jefferson et al. (20fd0nd that it took 70 seconds longer for
individuals with mild dementia to complete Conditié of the Trail Making Test than age- and
education-matched controls. In a study examiningtaavith MCI, healthy controls obtained a
scaled score of 12.94 while participants with MGtaoned scores of 9.76 (Nutter-Upham et al.,
2008). Wecker et al. (2005) found that age infleehcognitive flexibility, as measured by the
D-KEFS Trail Making Test. Specifically, increasiage caused longer completion times.
Wecker, Kramer, and Delis (2005) found that ageliosted decline in set shifting above and
beyond demographic characteristics (i.e., educalipnand gender) and process skills (e.g.,

visual scanning, letter sequencing, number seqngnand motor speed).

Inhibition. Inhibition refers to the ability to monitor onefsahd refrain from prepotent
responses (Delis et al., 2001a). Aging has alsa belked with a decrease in inhibitory
behavior. Butler & Zacks (2006) examined differiegels of complexity for an antisaccade task.
A group of community-dwelling older adults and awgp of healthy undergraduate students were
given two types of antisaccade tasks: one withpperial cues and one with a central cue (which
requires less inhibitory skill). The central cusk@equires less inhibitory skill, so there ought t
be a difference in performance between the twoeddults showed a larger difference between
their prosaccade and antisaccade accuracy andi¢hgmme did not significantly affect
performance in the control group. The results of $udy, therefore, illustrated an age-related
decline in inhibitory skills (Butler & Zacks, 2006)Yon Hippel and Dunlop (2005) also found a

group difference between older and young adultbeir ability to inhibit a response, as
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measured by performance on the Stroop task and ewofilperseverative errors on the

Wisconsin Card Sorting Test.

Proverb interpretation. Proverbs are defined as abstract expressionsdhsaeyg
messages about society (Uekermann, Thoma, & Da0@8)2Successful proverb interpretation
requires the ability to understand the abstractmmggainstead of its concrete statement (Delis et
al., 2001a). Understanding the meaning behind agpborequires a higher-order cognitive
process and can be considered an executive fundtimre is a proverb interpretation subtest in
the Delis-Kaplan Executive Function System (D-KEFRSbattery of tests designed to assess
multiple components of executive functioning (Daisal., 2001a). Poor proverb interpretation
has been found in people with schizophrenia (B&modenstein, 2005). However, there is
limited research regarding decline in understangmoyerbs in aging. One study that did explore
this relationship found that older adults’ perfomoa on proverb tasks were significantly lower

than younger adults (Uekermann, Thoma, & Daum, 2008

Executive function and functional independence. Executive dysfunction has been
shown to be a good predictor of functional dec{iell-McGinty, Podell, Franzen, Baird, &
Williams, 2002; Cahn-Weiner, et al., 2000; Lewidvller, 2002; Mitchell & Miller, 2008;

Sherod et al., 2009). Sherod et al. (2009) fouatl poor performance on a measure of cognitive
flexibility was a significant predictor of decredseapacity for financial reasoning in individuals
with MCI. Additionally, performance on tests of eogye flexibility and planning have also

been shown to be good predictors of functionalidedh older adults who were diagnosed with
dementia as well as older adults who did not hagragnosis (Bell-McGinty et al., 2002).

Razani et al. (2007) also found that a measureghitive flexibility (i.e., Trail Making Test)

was correlated (r = .60) with the ability to shagdependently. Cahn-Weiner, Boyle, and Malloy
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(2002) found that the Trail Making Test accountedIADL performance over other tests of
executive function. Finally, the increased diffigubf inhibiting prepotent responses has been
shown to be a strong predictor of functional dexliefferson, Paul, Ozonoff, and Cohen (2006)
found that a measure of response inhibition (D-KE®r-Word Interference Test) was a
significant predictor of IADL functioningi(= -.4). It was significantly correlated with shapgp

(r=-.23), finances (r = -.23), laundry (r = -.2@nd transportation (r = -.33).

Proverb interpretation and functional decline. Less is known about the relationship
between decline in the understanding of proverlsfanctional decline in older adults. To the
best of the author’'s knowledge, there has not besearch examining the relationship between

proverb interpretation and functional decline idesl adults.

Theory of Mind

Definition. First introduced by Premack and Woodruff (1978)edity of Mind (ToM) is
defined as the ability to understand another'sggaron of a situation. Stemming from autism
and developmental literature, it is one model gi@mpts to explain how one comes to
comprehend views and beliefs of other people (B&ohen, 1988). Though it is not found in
traditional neurocognitive literature, the ToM f@ture argues that it is a cognitive process
because it requires one to be able to infer botbtiems and thoughts of another person (Baron-
Cohen, 1988). Unlike empathy, which consists ohlmatgnitive and affective components,
researcherposit that ToM is solely based on a cognitive meddra. Whereas empathy requires
one to experience a shared emotion with anotheopeifoM only requires one to take the
perspective of another person which may or mayeaut to experiencing a shared emotion

(Baron-Cohen & Wheelwright, 2004).
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Difficulty with ToM can significantly impact one’lsfe. Successful social interaction is a
component in many areas of daily functioning, sastschool, work, friends, family, and
significant others. Because of the significant istpan daily living that deficiencies in ToM can
produce, it is an important area of study. Addislhyy limited ToM abilities have been found in
clinical populations in which poor social interactiis often observed. These include autism
spectrum disorders, attentional disorders, demdnipalar disorder, multiple sclerosis, and
schizophrenia (Baron-Cohen, Leslie, & Frith, 19B&ron-Cohen, Jolliffe, Mortimore, &
Robertson, 1997; Briine & Briine-Cohrs, 2005; Bora.eR005; Cuerva et al, 2001; Gottlieb,
2005; Gregory et al, 2002; Happé, 1994; Hughes nD&White, 1998; Kaland et al., 2002;

Kerr, Dunbar, & Benteall, 2003; Ouellet et al., 2D1

The concept of ToM stems from the developmentatdiure and focuses on the stages of
normal ToM development from age one to elevenhéirtreview of ToM, Briine and Briine-
Cohrs (2005) outlined the stages of ToM developm&hage one, a child first begins to form an
understanding that another person can attend teattme information that the child can. This is
referred to as joint attention. By ages 14 to 1&g, children are able to extend the concept of
joint attention to include mood. By age two, chddrbegin engaging in pretend play (also known
as de-coupling), an exercise which requires thiel ¢bitake the perspective of another character.
Between ages three and four, children begin to nstaied that another person’s belief can be
different than their own. This is referred to aslerstanding of false belief. By ages six to seven,
children begin to understand jokes that incorpoiratgy. The last stage of ToM development
occurs between the ages of nine and eleven, whkhildaunderstands the concept of a faux pas
(Brine and Briine-Cohrs, 2005). The definition tduax pas is that one person makes an

offensive comment to another person without integdo offend. This requires simultaneous
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ToM for both characters, the one making the fauscgal the one feeling offended (Briine &

Brune-Cohrs, 2005; Gregory et al, 2002; Stone, B&ohen, & Knight, 1998).

Similar to executive functions, engaging in ToMkgshows activation in the prefrontal
cortex. Happé et al. (1996) found that healthy Tmdvformance showed areas of activation in
the medial left prefrontal cortex. Interestinglp, Asperger group (i.e., a clinical sample shown
to have deficits in ToM) did not display the sanséweation and instead demonstrated greater
activation in the surrounding areas (Happé etl@B6). This suggests that deficits in ToM may
be linked to a functional difference at the neutdenzel, thus supporting that ToM is dependent

on prefrontal brain regions.

Executive mechanisms of ToM. There is growing research in the area of executive
function and ToM. While there have been some cagkes that have not established a
relationship between executive functions and ToMatd Happé, Fleminger, & Powell, 2005;
Fine, Lumsden, & Blair, 2001), there have been nranye studies that have identified an
association between the two. Within autism resedmttings have suggested a positive
relationship between inhibition, working memory araM (Joseph & Tager-Flusberg, 2004).
Furthermore, both executive function and ToM pemfance is lower in individuals with autism
spectrum disorders, and a review by Hughes anda@rdB002) suggest that they are related.
Finally, research has examined the clinical impiae of an executive function-ToM
connection. One study trained children in eitheMTskills or executive function skills and
found that those children who were trained in exgeuunction skills showed better ToM
performance (Fisher & Happé, 2005). This not onlggests a relationship between executive
function and ToM, but it provides evidence that T@\lriven by executive functions and not

the other way around. Children with attentionabdiers have also demonstrated poorer ToM
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performance in addition to deficient executive filmrting. In a sample of preschool children,
researchers found a significant positive correfabetween executive function and ToM

(Hughes, Dunn, & White, 1998).

The executive function-ToM relationship is not gfie¢o developmental disorders. In
normally-developing preschoolers, executive funtgoores predicted ToM performance (Cole
& Mitchell, 1998; Gordon & Olsen, 1998). This retatship has also been demonstrated in a
group of Chinese preschoolers; specifically, cagaiflexibility, inhibition, and planning were
significantly correlated with ToM in a positive dation (Sabbagh, Xu, Carlson, Moses, & Lee,
2006).0Onset of ToM was examined by Carlson et al. (2@0) results showed that it can be
found as early as 39 months of age; specificaltyrkimg memory and inhibition were associated
with ToM performanceCompared to working memory and planning, this resegroup found
that inhibition was a stronger predictor of ToM (fSan, Moses and Breton, 2002; Carlson,
Moses, & Claxton, 2004). Similar to the autism egsh, the relationship between executive
functions and ToM suggests that executive funatioderlies ToM performance and not the

other way around (Hughes, 1998).

Though the majority of ToM research has been whildeen, it is increasingly being
studied in adult populations. Problem solving, gediluency, and verbal fluency were found to
have a significant positive correlation with ToMalder adults (Saltzman, Strauss, Hunter, &
Archibald, 2000)Poor inhibition was also associated with increas®zally inappropriate
behavior (Von Hippel & Dunlop, 2005). Research exang this relationship in typically-
developing adults using a comprehensive measuggemiutive functions and three levels of
ToM measures indicated executive function skilks ot necessary for basic emotion

recognition (Ahmed & Miller, 2010), which has besngued to be the foundation of ToM ability
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(Baron-Cohen, 2001). Furthermore, Ahmed and M{2€10) found that deductive reasoning,
verbal fluency, and design fluency were signifitan¢lated with a ToM measure of second-
order ToM while problem solving was associated sitbres on a ToM measure of faux pas

identification.

ToM and proverbs. As aforementioned, there is limited research onvgno
interpretation. However, it has been conceptualegedn executive function (Delis et al., 2001a).
In our previous research, we found that performamcexecutive domains accounted for
significant levels of variance on ToM performanééifhed & Miller, 2010) and the ToM-
executive function link has been well establishgdthers (Bach et al., 2005; Carlson et al.,
2002; Carlson et al., 2004; Fisher & Happe, 200&glHet al., 1998; Joseph & Tager-Flusberg,
2004; Sabbagh et al., 2006; Saltzman et al., 2@i0¥n this relationship between ToM and
executive functioning, it seems likely that thehewld be a relationship between ToM and
proverb interpretation. Not only is proverb intesfation considered to be an executive function
(Delis et al., 2001a), but it also requires abstiiaioking similar to ToM (Uekermann et al.,
2008). Therefore, it seems likely that these twastaucts should be at least moderately

correlated.

Though both ToM and proverb interpretation represee’s ability to generate abstract
thought (Delis et al., 2001; Uekermann et al., 200&re is limited research on proverb
interpretation and ToM. One such study that didh@re this relationship was with a
schizophrenia population. Researchers found th&npeance on proverb interpretation was
significantly correlated in a positive directiontiwva ToM task, after controlling for IQ (Briine &

Bodenstein, 2005).
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ToM in aging. There is conflicting evidence regarding a declm&oM ability in an
elderly population. Happé, Winner, & Brownell (1998und better ToM scores in an older adult
group than in a college-aged group. However, s to be the only study that has found an
increase in ToM ability with age. Other studiesdaavealed ToM decline in older adults. In one
study, researchers found that older adults tenal@dk more socially inappropriate questions and
that this relationship was mediated by poor inbityitskills (Von Hippel & Dunlop, 2005). In a
study examining ToM in university controls, oldeluéts and those with Parkinson’s disease,
researchers found that in general older adultddwadr scores on measures of ToM. Participants
with Parkinson’s disease performed even more pamrlfoM measures compared to university
controls and older adults without the disease £8&h, Strauss, Hunter, & Archibald, 2000).
Individuals with frontotemporal dementia also evide ToM deficits (Lough, Kipps, Triese,
Watson, Blair, & Hodges, 2006; Schroeter, RaczleyriNann, & von Crammon, 2008). Finally,
significant age effects were found on a measufawf pas recognition (MacPherson, Phillips, &
Della Salla, 2002). Another study, however, foumak the ability to detect a faux pas was more
difficult for older adults than controls, but ththats was the same across all ToM and non-ToM
items (MacPherson, Phillis, & Sala, 2002). A polkeséxplanation for this decline in ToM is that
it is due to general cognitive factors. One stuadytabuted ToM decline to a general decline
(Slessor, Phillips, & Bull, 2007). Another studyfad that the ToM decline in older adults was
fully mediate by executive functioning, processspged, and intelligence (Charlton, Barrick,
Markus, & Morris, 2009). Given the varying concluss in the linited ToM/aging literature,

more research into this area is warranted.

As with the literature in executive dysfunction aaging, research has emphasized that

deterioration of frontal regions, such as the datsoal prefrontal cortex and the anterior medial
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frontal cortex, are associated with ToM declineaf&more & Choudhury, 2006; MacPherson et
al., 2002; Schroeter et al., 2008). In a meta-mglyswas found that the medial rostral prefrontal
cortex area showed the most activation during testggiring ToM (Gilbert et al., 2006). The
medial prefrontal lobe, temporal regions, and siopeéemporal sulcus have also shown to be
utilized in tasks that require ToM (Singer, 20@Bimnilar to the imaging data detailing the
widespread nature of executive function in therpriiappears that the ToM tasks also tend to be

associated with general prefrontal areas.

ToM is considered to be a cognitive construct witthe developmental literature (Baron-
Cohen, 1988; Baron-Cohen & Wheelwright, 2004). €fane, the study of ToM in older adults
is separate from examination of the affective congmds of emotional processing, which have

been found not to decline with age (St. Jacquess@&te-Symons, & Cabeza, 2009).

ToM and functional independence. To our knowledge, there has not been research
examining the relationship between ToM and fun&londependence. However, given that
there is a link between executive functions and Taoid that executive functions are significant

predictors of functional decline, ToM too may bkated to functional independence.

Aims

Research on proverb interpretation and ToM in &ageér population is limited. Further,
to the author’s knowledge, there is no researcim@xag their relationship to functional

independence. Given the paucity of research inatea, there were four aims for this study.

The first aim was to examine whether proverb inigtion was related to independence
in IADLs of older adults. If so, the next step wiblde to determine whether it accounts for more

variance than traditional executive function measuBecause proverb interpretation is
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considered an executive function (Delis et al.,1200executive functioning is associated with
functional decline (Mitchell & Miller, 2008), andder adults demonstrated poorer proverb
interpretation than younger adults (Uekermann.e28D8), it was hypothesized that proverb

interpretation would account for significant vaigann IADL functioning.

The second aim of this study was to examine whéibdt was related to IADLs in older
adults. If ToM accounted for significant varianoefunctional independence, the next step
would be to determine whether it accounted for nvargance than traditional executive function
measures and proverb interpretation (if provererpretation was found to be associated).
Because there is ToM decline in older adults (M&eBdn et al., 2002; Saltzman et al., 2000;
Schroeter et al., 2008; Von Hippel & Dunlop, 2088¥ its relationship to executive function
(Ahmed & Miller, 2010; Carlson et al., 2002; Caniset al., 2004; Cole & Mitchell, 1998; Fisher
& Happé, 2005; Hughes et al., 1998; Sabbagh e2@06), it was hypothesized that ToM would

account for a significant amount of variance in 14D

The third aim was to examine whether proverb imetgiion accounted for significant
variance in ToM performance. Since proverb integiren requires abstract thinking (Delis et
al., 2001a) and ToM is conceptualized as an alistoamitive process (Baron-Cohen, 2001), it

was hypothesized that proverb interpretation wdaaédelated to ToM performance.

Finally, the fourth aim of this study was to examihthe relationship between ToM and
functional ability was mediated by executive funoing (i.e., cognitive flexibility, inhibition,
and proverb interpretation). Because of the ratatigp between executive functioning and ToM

(Ahmed & Miller, 2010; Carlson et al., 2002; Caniset al., 2004; Cole & Mitchell, 1998; Fisher
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& Happé, 2005; Hughes et al., 1998; Sabbagh e2@06), it was hypothesized that executive

functioning mediated or partially mediated the tielaship between ToM and functional ability.
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CHAPTER 2
METHODS

Participants

Power analysis.

A review of previous studies that have examined TinMlder adults revealed the use of
20 to 25 participants. However, these were betwgenp studies and did not examine
functional independence (e.g., Happeé et al., 1888/lor et al., 2002). Previous research from
this laboratory examining functional independenca community-dwelling older adult
population used 45 participants. This study alsmldsur independent variables, slightly less
than the current study (Mitchell & Miller, 2008) elther of the above-mentioned studies,
however, has examined both ToM and functional iedéeence. Therefore, an a priori power
analysis was employed using G-Power (Faul, ErdfeBlechner, & Lang, 2009; Faul, Erdfelder,
Lang, & Buchner, 2007) by entering a large efféxt ¢.35), power of .80, five independent
variables, and one dependent variable. A largees$iee was entered because the only other
known study examining functional independence sample from the same community found a
very large effect f& .79; Mitchell & Miller, 2008), though this was eific to executive
measures. After entering the aforementioned spatifins on G-Power, the calculated sample
size necessary was 43 participants.

Recruitment.

Participants were recruited from the greater Athmmamunity. The principal

investigator (PI) posted fliers in public boardsotighout the community. With permission from
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assisted living/retirement communities, fliers wposted on common area boards and resident
mailboxes. Furthermore, the Pl gave presentatibnatavays in which older adults can keep
their minds active to multiple assisted living/rethent communities in the area and the local
library.

Exclusion/inclusion criteria.

Inclusion for the study involved meeting the agguieement of 65 to 89. Exclusion
criteria included significantly impaired vision (tike extent that it impedes the ability to read),
self-reported illiteracy, self-report of a currehdgnosis of dementia/significant cognitive
deficits, or performance below 23 on the Mini Mér8tatus Exam (MMSE), a global measure
of mental status (Folstein, Folstein, & McHugh, 82 Finally, individuals who reported
significant current symptoms of depression werdugled from the study. This was determined
by a cutoff score of 20 or higher on the GeriaDapression Scale (GDS, see below for more
detail). Three participants were excluded from stigly for attaining an MMSE score below 23.
No other exclusion criteria was met by any paraaifp
M easur es

Brief cognitive screen.

Mini-mental status exam (MMSE). The MMSE is a 30-item brief screen of global
cognitive functioning. It assesses the followingaa: (a) orientation to time, (b) orientation to
place, (c) registration, (d) working memory, (edak, (f) naming, (g) repetition, (h) auditory
comprehension, (i) reading comprehension, (j) mgitiand (k) construction (Folstein et al.,
1975). A score below 23 excluded participants fthia study. This has traditionally been used
as a cutoff score indicating cognitive impairmenthe literature, as it is 69% sensitive and 99%

specific on dementia. Age has been shown to bgrafisant predictor of MMSE scores
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(Tangalos et al., 1996). Test-retest reliabilitg baen quite high, ranging between .80 and .95
(Tombaugh & Mcintyre, 1992). In a sample of healtbynmunity-dwelling older adults, the
reliable change index difference score ranged ftct94 to+4.42 across different intervals

over five years between the administrations oftéis¢ which is considered to be stable over time
(Tombaugh, 2004).

Emotional functioning.

Geriatric depression scale (GDS). Depression has been associated with functional
decline (Alexapoulos, 2005; Baird, 2006). Theref@articipants were administered the GDS, an
orally-administered test in which participants aaswyes or no questions regarding statements
about feelings and behaviors over the past weesteTare 30 statements, each receiving one
point for an acknowledgement of a depressive i#&notal score of 0-9 indicates an absence of
significant depressive symptoms, 10-19 indicatdd nepression, and 20-30 is indicative of
current severe symptoms of depression (Brink, YagayvLum, Heersema, Adey, & Rose, 1982;
Sheikh et al., 1991; Sheikh & Yesavage, 1986).viddials with a score of 20 or higher were
excluded from this study. The GDS has shown vegh plit-half reliability ( r = .94) and test-
retest reliability (r = .85) (Yesavege, et al., 3R8he GDS has also been shown to be a valid
measure of depression among older adults. Spdbyfidavas found that individuals classified
as either normal, mildly depressed, or severelyaesged obtained scores consistent with their
classification. That is, the GDS scores becamell@sehe severity of depression increased
(Yesavage et al., 1983).

| Q estimate.

Wechdler test of adult reading (WTAR). It was important to obtain an estimate of the

participant’s 1Q in order to assess the effectodn cognitive and functional performance. This
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study employed the Wechsler Test of Adult ReadiWd AR) in order to obtain a predicted Full
Scale 1Q (FSIQ) score (The Psychological Corpornat&®01). Test-retest reliability has been
quite high (r =.97). It has also been shown talvalid screen for 1Q, as it remains stable over
time, which is characteristic of 1Q (Green, MeldriStensen, Ngo, Monette, & Bradbury, 2008).

Executive function measures.

Delis-Kaplan executive function system (D-KEFS). Select tasks from the D-KEFS were
used to assess specific domains of executive fumddevelopers of the D-KEFS based each of
the subtests on traditional measures of executinetion and normed them on a sample of 1,150
adults and children ranging in age from 8-89 ye#nss is a paper-and pencil cognitive battery
made up of nine subtests. Using a cognitive proappsoach, each subtest is broken down into
multiple scores (Delis et al., 2001a). By breakimg test scores into multiple process scores,
clinicians are able to better describe a patigmisormance. It has low floors and high ceilings
due to the large age range. Test-retest reliatabtpss all subtests ranges between .06 and
.90.The D-KEFS reported validity by running intemaations within the conditions of the D-
KEFS subtests, ranging from -.94 to 0.95 (Delialgt2001b). Though there are other, more
traditionally-utilized measures of executive funatin research with older adults, this study
employed measures from the D-KEFS. The D-KEFS ples/the same normative sample for all
of its subtests (Delis et al., 2001). Thereforbgips streamline the interpretation of results.

There are nine subtests: (a) Trail Making, (b) \afuency, (c) Design Fluency, (d)
Color-Word Interference, (e), Sorting, (f) Twenty&3tions, (g) Word Context, (h) Tower, and
(i) Proverb (Delis et al., 2001). However, only fhail Making Test, Color-Word Interference
Test, and Proverb Test were used in this studyh Ba Trail Making and Color-Word

Interference tests measure executive domains #vat $upport in the literature regarding their
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ability to predict functional ability (Butler & Zdxs, 2006; Davies, 1968; Hasher & Zachs, 1988;
Sorel & Pannequin, 2008; West, 1996) and were tsedmpare the effectiveness of the
Proverb test on functional independence.

The D-KEFS tests was administered and scored @iogpto standard protocol (Delis et
al., 2001).

D-KEFStrail making test. This subtest measures cognitive flexibility whiefiers to the
ability to quickly adapt to new rules and concdpslis et al., 2001a). The Trail Making Test is
divided into five conditions. The first conditioaquired participants to quickly scan the page
full of numbers and identify how many three’s thare on the page. The second condition asked
participants to connect numbered circled dots menical order, while the third condition
measured the ability for participants to connetteted dots in order. The fourth condition was
considered the traditional executive measure ohitivg flexibility, as it required the
participants to switch between connecting numbedsletters in both numerical and alphabetical
order. Finally, the fifth condition measured maspeed by having the participants connect dots
along a dashed line as quickly as possible. Scaleres for each condition were based on total
completion time in seconds. The utility of havingltiple conditions in addition to the
traditional executive measure is that it allows tmaterpret test performance by breaking down
each skill necessary to complete the task. Indase, it breaks down the participant’s ability of
visual scanning, sequencing numbers, sequencitegdeaind motor speed. If any of these areas
are impaired, it will automatically affect condmidour, the executive measure of cognitive
flexibility (Delis et al., 2001a).

The internal consistency across individuals ag89 &as high (r = .57 to .81) and was

also high among individuals aged 60-89 (r = .6B@) (Delis, Kaplan, & Kramer, 2001b;
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Shunk, Davis, & Dean, 2006). Test-retest reliapivias .66 across all age groups and .60 for
individuals between the ages of 50 to 89. Lengttetdst averaged 26 12.8 days. (Delis et al.,
2001b). The D-KEFS Trail Making Test is frequenibed in the older adult population.
Differences between healthy and clinical populaioholder adults have been consistently
demonstrated. Specifically, older adults show popegformance compared to younger controls
(Jefferson et al., 2007; Nutter-Upham et al., 20R&zani et al., 2007; Wecker et al., 2005).

The aim of this study was to examine if (and to tndxdent) measures of proverb
interpretation and ToM were related to functiomalependence. In order for the results of this
study to be relevant, the relationships of provetérpretation and ToM on functional
independence were compared to traditionally-measexecutive domains. Tests of cognitive
flexibility are commonly assessed in older adubylations (Davies, 1968; Sorel & Pannequin,
2008; Stuss et al., 2001; Wecker et al., 2005).tldkemaking test is also one of the oldest
executive function measures (Army Individual TeattBry, 1944). Additionally, it has been
shown to account for variance in IADL performaneeroother measures of executive function
(Cahn-Weiner et al., 2002). Therefore, the uséef-KEFS Trail Making test helped compare
the significance (if any) of proverb interpretatiamd ToM on functional decline.

D-KEFS color-word interference test. This subtest measureshibition, the ability to hold
back one’s automatic response for the correct Deéiq et al., 2001a). This test is divided into
four conditions. The first required participantssme color patches. The second condition
measured the ability to read words (i.e., red, dunel green) written in black ink. The third
condition is based on the traditional Stroop téstlobition. In this condition, the words “red,”
“green,” and “blue” are written in different-colarénk. Participants were asked to name the

color of the ink and not read the word as quicldyassible. This test requires one to inhibit
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reading the word and name the ink color insteae. [&kt condition asked participants to switch
between naming ink colors and reading words. lbiporates both cognitive switching and
inhibition. As with the D-KEFS Trail Making Testcaled scores were derived from total
completion time in seconds (Delis et al., 2001a).

According to the D-KEFS Technical Manual, interoahsistency was high across the
ages of 810 89 (r = .62 to .86). It ranged fromtd .86 in individuals aged 60-89. Test-retest
reliability across all ages was .65 and .57 ambed0-89-year-old age group (Delis et al.,
2001b; Shunk et al., 2006). Length of retest aventd@@b+ 12.8 days. (Delis et al., 2001b).

Regarding validity, the use of this test appeanstéid compared to the traditional Stroop
test in the extant literature. Of the studies thrate available for review and which provided
detailed information about performance on this, i$terences were found in the average
amount of time needed to complete the inhibitiondition of this test. On average, it took 84.43
seconds for a group healthy older adults to coraplet inhibition condition of the Color-Word
Interference Test (Razani et al., 2007). In anostigdly, healthy older adults (ages 50-85 years)
completed the same condition in 68.3 seconds (Alibhal., 2010). Jefferson et al. (2007) found
that it took healthy older adults (mean age 69atilaverage of 66.5 seconds to complete the D-
KEFS Color-Word Test. In yet another study, old#dults (mean age of 69.14) completed this
condition in 59.08 seconds (Deria, 2001).

Tests of inhibition are common measures in reseamatognitive decline in older adults
(Braver et al., 2001; Butler & Zacks, 2006; Gereg¢ml., 2007; Paxton et al., 2007; Von Hippel
& Dunlop, 2005). The traditional Stroop paradignaiso one of the oldest executive function

tests (Stroop, 1935). By using a measure of inbibitwve were able to examine whether Proverb
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tests and tests of ToM were related to functiondépendence beyond a more traditionally-
assessed domain: inhibition.

D-KEFSproverb test. Proverb understanding refers to the ability to coehpnd
statements beyond literal meaning (Delis et al012). In this subtest, participants were
provided with different proverbs, ranging from coommto less common. As with the other D-
KEFS tests, there is more than one condition. érfitist condition, participants were asked to
explain the meaning of the proverb in their own @gmResponses were scored based on two
domains: (a) accuracy of the interpretation andgg| of abstract thinking. In the second
condition, participants were provided with a chaddéour possible meanings for the proverbs
and chose the meaning they think is most accusbs(et al., 2001a).

The D-KEFS Technical Manual reports high test-tetelsability across all age groups (r
=.76) and even higher test-retest reliability amperople between the ages of 50-89 (r = .81).
Length of retest averaged 2512.8 days. Internal consistency in this age rasigéso good (r =
.68 to .74) for individuals aged 60-89 (Delis et 2D01b; Shunk et al., 2006). As
aforementioned, there is very limited research emeng proverb interpretation in older adults.
To the author’s knowledge, there are no validitdsts on the D-KEFS Proverb Test in older
adults.

ToM measures.

ToM measures were originally false belief paradigiise traditional Sally-and-Anne
test is a good example of a false belief paradigrthis test, the examinee observes one
character (Sally) hiding an object while the otblearacter is not in the room (Anne). The
examinee is asked where they think Anne will lookthe object when she returns. This requires

the examinee to understand that Anne does not knatthe object is hidden (Brine & Brine-
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Cohrs, 2005). However, more sophisticated ToM meashiave been developed for older
individuals (Brent et al., 2008riine & Briine-Cohrs, 2005; Gregory et al, 2002; péapt al.,
1998; Jolliffe & Baron-Cohen, 1999; Stone, Barorh€o, & Knight, 1998).

Srange storiestest. This test was developed as a more complex forrot T
measurement. Instead of the traditional false bpieadigm that was used for children with
autism, the Strange Stories are a series of vigmattwhich the intention of the character’'s
actions has to be deciphered by participants (Half#). Furthermore, it has been shown to be
more sensitive within the Asperger population, wleomally pass simple ToM tasks but still
struggle with more subtle ToM skills, such as deutiuffs and white lies (Happé, 1994; Jolliffe
& Baron-Cohen, 1999).

Participants were given a series of vignettes hadd are read to them by the examiner.
They were then asked questions about the intebebimd the character’s action. There was no
memory load, as participants could read back dwewrignette when answering quesitons.
Responses were rated on a two-point scale bastee@tcuracy of their response (Happé, 1994;
Happé et al., 1998).

There are multiple versions of ths test for différpopulations (Happé, 1994; Jolliffe &
Baron-Cohen, 1999; Happé et al., 1998; Maylor, Mon| Muncer, & Taylor, 2002; Sullivan, &
Ruffman, 2004). Permission was obtained from teedeveloper, and the version that this study
used was a selection of stories from the versiahwlas administered to young and older adults
(Brent et al., 20044appé et al., 1998). It consists of six storiesy fof which require the use of
ToM and two control stories. However, all of thergts have been used as part of a larger set of
stories (Brent et al., 2004; Happé, 1994). Themefepecific data of the reliability and validity of

this exact set are unknown. However, the StrangeeSttests in general have shown good
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reliability and validity. In past studies, the Stga Stories test has been validated as a measure of
ToM, was sensitive in its ability to show perfornoardifferences in Asperger’s Disorder, and

has shown high interrater reliability (Happé, 1984ppé et al., 1998; Gottlieb, 2005; Kaland et
al., 2002).

Administration and scoring of the Strange Storest dhered to standard protocol
(Happé, 1994).

Faux pastest. Faux pas is defined as a socially inappropriateraent or act (resulting in
hurt or upset feelings) that is unintentionally maDetection of a faux pas requires simultaneous
ToM, as one has to identify that someone was o#driny a comment and that the person
making the comment did so unintentionally (Brin&&ine-Cohrs, 2005; Gregory et al, 2002;
Stone, Baron-Cohen, & Knight, 1998). Participaetsda series of 20 vignettes, some that
contain a faux pas and some that do not. Partitspamswered the following questions: (a)
whether a faux pas occurred, (b) that it resultelaurt feelings in one of the characters, (c) that
the character who made the faux pas did not infend negative outcome, and (d) control
guestions that ensure the participant comprehetigieceading material. There was no memory
load on this test, as participants were allowelddé back at the vignettes when answering
guestions (Gregory et al., 2002; Stone, Baron-Cp&dfnight, 1998).

This test has shown interrater reliability at .98l @orrelated with both first-order and
second-order ToM measures (r = .76 and 0.78) (Gyegjaal., 2002).

Administration and scoring of the Faux Pas teseaelthto standard protocol

(Gregory et al., 2002; Stone, Baron-Cohen, & Knidi®98).
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Functional independence measure.

Independent living scales (ILS). The ILS was used as the functional independence
measure for this stud@riginally termed the Community Competence Sdhle,ILS (Loeb,

1996) was developed to assess IADLs in a geriptpulation. Test items were developed from
a survey, review of the literature related to issokeguardianship, and interviewing both older
adults and professional groups. The normative samvpk made up of 590 healthy older adults
ages 65 and up. Internal consistency is high, rapfyjom .72 t0.92 across subtests. Test-retest
reliability ranged from .81 to .94. The time betwesministrations ranged from 7 to 24 days
with an average of 14 days. This test has beedatalil on a sample of adults with dementia,
who obtained subtest scores that were significdatiyer than controls (Loeb, 1996).The ILS has
been significantly correlated with the DementiaiaSale, which assesses severity of cognitive
decline (Baird, 2006). Additionally, its problembgimg domain has been validated on a
schizophrenia population (Revheim et al., 2006).

The ILS yields an overall Full Scale score. Itlsoabroken into five scales: (a)
Memory/Orientation, (b) Managing Money, (c), Honmela ransportation, (d), Health and
Safety, and (e) Social Adjustment. In additionhtleste subtest scores, items are divided into two
classes: (a) those that require basic knowledgk(l@rthose that require problem-solving.

Administration and scoring of the ILS adhered &nstard protocol (Loeb, 1996).
Procedure

This study was conducted in one of two placesth@Neuropsychology and Memory
Assessment Laboratory of the Psychology buildindgp@tUniversity of Georgia, or (b) the

residence of the participant or a common room éengarticipant’s residential building. The study
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took place at the participant’s residence if theyewnable to come to the laboratory. Interested
participants contacted the PI via telephone, atwebahour session was scheduled.

At the beginning of the session, participants weovided with a written consent form
and the principal investigator answered any questiti was assumed that the participant has
capacity to consent based on their ability to cahpnd the recruitment flyer, call the
researcher, and schedule a time to participateeistudy. However, if the participant did not
appear to comprehend the examiner, they were ohidead in the study because they may not
have had the capacity to consekfter consenting, participants completed a demdgap
information form.This included items such as age, gender, yeardutfagion, and current
income. Next, participants were administered the 3MIf they performed above the cutoff as
defined by the MMSE literature (i.e., below 23/3@ngalos et al., 1996), they continued to
participate in the study. If not, they were excldid®m the study and provided with information
about the UGA Memory Assessment Clinic. Three pgrdints obtained scores below 23 and
were excluded from the studyiext, participants were administered the GDS. Scab®ve 20
excluded them from the study, as this meets caiten depression (Brink, Yesavage et al., 1982;
Sheikh et al., 1991; Sheikh & Yesavage, 1986). Bitigipant obtained a score above 20. Those
participants who were not excluded were then adstened the Wechsler Test of Adult Reading
(WTAR) to obtain an 1Q estimate (The PsychologiCatporation, 2001). Next, participants
were administered the D-KEFS Trail Making Test, BFS Color-Word Interference Test, D-
KEFS Proverb Test, Strange Stories test, Fauxd3asand ILS. After completion of testing,
participants were provided with a written debrigfiorm as well as an oral explanation of the

study. They were then paid $20 for their partidpatregardless of whether they completed the
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study. After payment, participants signed a forlnaevledging that they received payment for
this study.
Analysis

Each of the ToM tests yielded a total score. Previ@search from our lab has found that
the Strange Stories test and the Faux Pas tedtigem by differing executive mechanisms
(Ahmed & Miller, 2010). Therefore, the ToM testsre@ot aggregated into a composite ToM
score; rather, each test was entered into sepagession analyses (see Aims section for more
detail). The age-adjusted scaled score from theHB-&KProverb test was the other independent
variable. The two additional executive function swwas (D-KEFS Trail Making test and Color-
Word Interference) each yielded a scaled score flenD-KEFS normative sample. These were
also entered as independent variables in the regremodels for two out of the four aims
detailed below. Finally, the total scaled scorerfiite ILS was the dependent variable.

First, a bivariate correlation matrix was calcutbéenong all variables. Only the
aforementioned independent variables that werefgigntly correlated with the dependent
variable (i.e., ILS score) were entered in theoiwlhg regression models. Several hierarchical
multiple regression analyses were employed. Rhistimpact of demographic variables (i.e.,
age, education, gender, WTAR-predicted FSIQ) owrtianal independence was assessed
through multiple regression. If any of these vaealshared significant variance with
performance on the ILS, then those variable/s watered into the first step of each regression
model.

The first aim of this study was to examine thetreteship between proverb interpretation
and functional independence. This was carried g@rering the scaled scores from the D-

KEFS Proverb test into a regression model as tthep@ndent variable and by entering the ILS
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scaled score as the dependent variable. The regxt&ts to determine whether proverb
interpretation accounted for significant varianedunctional independence better than the
executive functions of cognitive shifting and initidn. To examine this, the scaled scores of the
D-KEFS Trail Making Test and Color-Word Interferentest were entered into the first step of
a new regression model and the Proverb test vanaas entered into the second step.

The second aim of this study was to examine if Wed4 related to functional
independence. In order to examine this, ToM scaese entered into a regression model with
the ILS score as the dependent variable. If ToM sugsificantly associated with ILS scores, the
next step was to determine whether ToM accounteddditional variability in ILS performance
above and beyond that of proverb interpretationeXamine this, the Proverb Test variable was
entered into the first step of a new regressionehadd ToM was entered into the second step.

The third aim of this study was to explore whetmeaverb interpretation accounted for
significant variance in ToM scores. For this aimother regression model was utilized in which
the Proverb test variable was the independentblarend the ToM was the dependent variable.

Finally, the fourth aim was to use mediation anady® determine whether the

relationship between ToM and ILS was mediated leyetkecutive variables.
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CHAPTER 3
ADEQUATE PROVERB INTERPRETATION
ASSOCIATED IS WITH PERFORMANCE ON THE

INDEPENDENT LIVING SCALES"

'Ahmed, F.S. & Miller, L.S. To be submitteddournal of Clinical and Experimental
Neur opsychology.
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Abstract

The purpose of this study was to examine the aaogiof proverb interpretation with
functional independence in older adults. From tmetéd literature on proverb interpretation in
aging and its conceptualization as an executivetion, it was hypothesized that proverb
interpretation would be related to functional indeg@ence similar to other executive functions.
Tests of proverb interpretation, additional exeaifunctions, and functional ability were
administered to non-dementing older adults. Reshitsved that proverb interpretation
accounted for a significant amount of unique vareaaf functional ability scores. This supports

including a measure of proverb interpretation ®aksessment of an older adults.
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The geriatric population is growing rapidly in tbaited States. By 2030, the number of
older adults (i.e., age 65 and older) is estim&igdmp to 20% of the total U.S. population
(Federal Interagency Forum on Age-Related StasisP008). As the geriatric population
increases, so does the prevalence of dementiaf 2304, 24.3 million people in the world had a
diagnosis of dementia, and this number may incrbgses many as 4.6 million annually (Ferri et
al., 2005). Annual healthcare costs of Alzheimédisease is expected to be $1.08 trillion.
Diagnosing at an earlier stage significantly lowealth care costs (Fillit, Hill, & Futterman,
2002). Therefore, identifying additional methodsletfecting early signs of decline is
paramount.

Healthy Cognitive Aging

In healthy aging, there still exists some levetognitive decline (Flahsman et al., 2003).
The physiological changes as one ages affectsrétie dnd appears to lead to cognitive decline,
which can begin as early as one’s 50s (Kaufman780d is linked to age-related atrophy of
the brain.

There are multiple cognitive theories of aging. Phecessing speed theory, first
introduced by Salthouse (1985), states that thedspewhich one performs cognitive functions
slows significantly with age (Salthouse, 1985, 1)99®e inhibition deficit theory of aging
postulates that older adults struggle with tasks thquire the inhibition of prepotent responses.
(Hasher & Zacks, 1988; Van Gerven, Boxtel, Meifillems, & Jolles, 2007). While both the
processing speed and inhibition deficit theoriegehaeen supported in the literature, they only
focus on singular aspects of cognitive decline. drerencompassing theory that includes
inhibitory and processing speed deficits is thatablobe hypothesis (West, 1996). It posits that

the frontal regions of the brain deteriorate fast faster than other regions (West, 2000). The
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frontal lobe encompasses executive functions, waretthe cognitive processes necessary to
complete goal-oriented, complex tasks (Buckner42Q0éfferson et al., 2007; Lezak, Howieson,
& Loring, 2004; Zelzao & Frye, 1998; Raz & Rodrig@®06; Paxton et al., 2007; Royall et al.,
2002; Stuss et al., 2002; West, 1996). Executinetfan deficits have been consistently found in
the normal aging process (Razani et al., 2007; \&eekal., 2000; Jefferson et al., 2006; Nutter-
Upham et al., 2008 Davies, 1968; Sorel & Panned008). Therefore, the frontal lobe
hypothesis of aging suggests that there is difteakatrophy of the brain, affecting the frontal
lobe first and thus resulting in decline of exegaitiunctions in the early stages of age-related
cognitive decline (West, 1996).

Specifically, there is significant evidence of deek in cognitive flexibility and
inhibition with aging (Butler & Zacks, 2006; Daviek968; Hasher & Zacks, 1988; Uekermann,
Thoma, & Daum, 2008; Von Hippel & Dunlop, 2005; Wer, Kramer, & Delis, 2005; Wecker,
Kramer, Wisniewski, Delis, & Kaplan, 2000). Cogwéiflexibility is the ability to both adapt
and switch between new instruction or rules (Delial., 2001a), and this ability declines with
increasing age. For example, performance on thlarieking test (a gold-standard measure of
cognitive flexibility) declines with age (Davies9@8; Nutter-Upham et al., 2008; Wecker et al.,
2000). The trail making test consists of two congua: a sequencing measure and a cognitive
flexibility measure (Army Individual Test Batter{944; Reitan, 1958). Older adults have a more
difficult time on this test than younger adults ¥, 1968; Jefferson et al., 2007; Nutter-
Upham et al., 2008; Sorel & Pannequin, 2008; Weekat., 2005). Inhibition refers to the
ability to monitor oneself and refrain from prepateesponses (Delis et al., 2001a). Aging has
also been linked with a decrease in inhibitory vedraButler & Zacks, 2006; Von Hippel &

Dunlop, 2005).
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Abnormal Cognitive Aging

Unlike age-related declines, dementia occurs wherdécreases in cognitive ability are
much more severe and continue to get significamtlyse. To be classified as dementia, the
impairment occurs in memory and at least one atberain, as well as an impairment in
functional ability (DSM-IV-TR, 2000).

Functional ability is defined as the ability to foem self-care tasks and therefore be able
to live independently. These are classified azeiftctivities of Daily Living (ADLS) or
Instrumental Activities of Daily Living (IADLs). ADs refer to basic living skills, such as
feeding oneself, bathing, grooming, dressing, asidguthe toilet. IADLs are more complex
skills, such as shopping, managing finances, amthdr In dementia, a person first shows
decline in IADLs before ADLs (Njegovan, Hing, Mitet, & Molnar, 2001) Additionally, there
appears to be a specific pattern of functional asisin the broad areas of IADLs and ADLs
(Njegovan et al., 2001).

Relationship between Cognitive and Functional Assessment

As cognitive abilities decline, one can infer ttia functional tasks dependent on those
cognitive processes will decline as well. In fdahctional status has been shown to decline
according to severity of cognitive deficit (Peregtaal., 2010). It is important to note, although
there is an association between cognitive and immalt decline, research shows that cognitive
decline does not completely account for all oflthes in functional ability (Baird, 2006; Lewis
& Miller, 2006; Sherod et al., 2009). Thereforeisiimportant to asse&sth cognitive and
functional ability within the geriatric populatioNevertheless, executive dysfunction has been

shown to be the best predictor of functional dex(iBell-McGinty, Podell, Franzen, Baird, &
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Williams, 2002; Cahn-Weiner, et al., 2000; LewidvBller, 2002; Mitchell & Miller, 2008;
Sherod et al., 2009).
New potential executive function domain to assess

Proverbs are defined as abstract expressionsdhaeyg messages about society
(Uekermann, Thoma, & Daum, 2008). Successful ptougerpretation requires the ability to
understand the abstract meaning instead of itsretsstatement, and is therefore considered an
executive function (Delis et al., 2001a). Poor @rtvinterpretation has been found in people
with schizophrenia (Briine & Bodenstein, 2005). Hegrethere is limited research regarding
decline in understanding proverbs in aging. Ondysthat did explore this relationship found
that older adults’ performance on proverb tasksvgggnificantly lower than younger adults
(Uekermann, Thoma, & Daum, 2008).

Less is known about the relationship between dedctirthe understanding of proverbs
and functional decline in older adults. To the lw#siur knowledge, there has not been research
examining the association of proverb interpretatath functional decline in older adults.

Aims

The aims of this study were to examine whether @ionterpretation is significantly
related to independence in IADLs and to determihether it accounted for more variance
above and beyond that of other executive functieasuares. Based on proverb interpretation’s
role as an executive function (Delis et al., 200&a&gcutive functioning’s role in functional
decline (Mitchell & Miller, 2008) and older adultgborer proverb interpretation compared to
younger adults (Uekermann et al., 2008), we hysotled that proverb interpretation would

account for significant variance in IADL functiomgn
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Method
Participants

Participants were recruited from the local communihe principal investigator (P1)
posted fliers in public boards throughout the comityu With permission from assisted
living/retirement communities, the fliers were psbn common area boards and resident
mailboxes. Furthermore, the Pl gave presentatibnatavays in which older adults can keep
their minds active to multiple assisted living/rethent communities and the local library.
Exclusion/inclusion criteria.

Inclusion for the study involved meeting the agguieement of 65 to 89. Exclusion
criteria included significantly impaired vision (tike extent that it impedes the ability to read),
self-reported illiteracy, self-report of a currehdgnosis of dementia/significant cognitive
deficits, or performance below 23 on the Mini Mér8tatus Exam (MMSE), a global measure
of mental status (Folstein, Folstein, & McHugh, 82 Finally, individuals who reported
significant current symptoms of depression werduglad from the study (Cutoff score2® or
higher on the Geriatric Depression Scale; GDS).

M easur es

Brief cognitive screen.

Mini-mental status exam (MMSE). The MMSE is a 30-item brief screen of global
cognitive functioning (Folstein et al., 1975). Aose below 23 excluded participants from this
study (Tangalos et al., 1996). Age has been shovae & significant predictor of MMSE scores
(Tangalos et al., 1996) and reliability has beghlirombaugh & Mcintyre, 1992; Tombaugh,

2004).
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Emotional functioning.

Geriatric depression scale (GDYS). Depression has been associated with functional
decline (Alexapoulos, 2005; Baird, 2006). Theref@articipants were administered the GDS, an
orally-administered set of questions regardingpdeicipant’s feelings over the past week.
(Brink, Yesavage, Lum, Heersema, Adey, & Rose, 198izikh et al., 1991; Sheikh &
Yesavage, 1986). Individuals with a score of 2@igher were excluded from this study, as it
indicates a severe level of current depressive sym$ (Yesavege, et al., 1983). Reliability and
validity have been supported (Yesavege, et al.3)198

| Q estimate.

Wechdler test of adult reading (WTAR). It is important to obtain an estimate of the
participant’s 1Q in order to assess the effectodn cognitive and functional performance. This
study employed the Wechsler Test of Adult ReadiWd@ AR) in order to obtain a predicted Full
Scale 1Q (FSIQ) score (The Psychological Corponat&®01). This measure has also shown to
have high reliability and validity (Green, Melo, @tensen, Ngo, Monette, & Bradbury, 2008).

Executive function measures.

Delis-Kaplan executive function system (D-KEFS). Select tasks from the Delis-Kaplan
Executive Function System (D-KEFS) were employedssess specific domains of executive
function. (Delis et al., 2001a). It has low flo@rsd high ceilings due to the large age range. Test-
retest reliability has varied from moderate to sy¢Delis et al., 2001b). Though there are other,
more traditionally-utilized measures of executivadtion in research with older adults, this
study will employ measures from the D-KEFS. The BRS provides the same normative

sample for all of its subtests (Delis et al., 20@ieamlining the interpretation of results.
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This study used the Trail Making Test, Color-Waontkelference Test, and Proverb Test.
Traditional trail making (Army Individual Test Batty, 1944) and Stroop (1935) tests measure
executive domains that have support in the liteeategarding their ability to predict functional
ability (Butler & Zachs, 2006; Davies, 1968; HasBerachs, 1988; Sorel & Pannequin, 2008;
West, 1996) and were used to compare the effeesseaf the Proverb test on functional
independence.

D-KEFStrail making test. This subtest measures cognitive flexibility, thdigbto
quickly adapt to new rules and concepts (Delid.e@01a), and is divided into five conditions.
The fourth is considered the traditional executheasure of cognitive flexibility, as it requires
the participants to switch between connecting numbgad letters in both numerical and
alphabetical order. Scaled scores are based drctotgletion time in seconds (Delis et al.,
2001a).

The D-KEFS Trail Making Test is frequently usedhe older adult population. Older
adults have consistently demonstrated poorer pagnce compared to younger controls
(Jefferson et al., 2007; Nutter-Upham et al., 20R&zani et al., 2007; Wecker et al., 2005).

The aim of this study was to examine if (and to tddent) of proverb interpretation was
related to functional independence. We compareddiagionship between proverb interpretation
and functional independence to the relationshigvéen functional independence and
traditionally-measured executive domains. Testsoghitive flexibility are commonly assessed
in older adult populations (Davies, 1968; Sorel @ Requin, 2008; Stuss et al., 2001; Wecker et
al., 2005). The trail making test is also one ef thdest executive function measures (Army
Individual Test Battery, 1944). Therefore, the abthe D-KEFS Trail Making test helped us

compare the significance of proverb interpretabarfunctional decline.
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D-KEFS color-word interference test. This subtest measureshibition, the ability to hold
back one’s automatic response for the correct Dhis.test is divided into four conditions. The
third is based on the traditional Stroop test bibition. In this condition, the words “red,”
“green,” and “blue” are written in different-colarénk. This test requires one to inhibit reading
the word and name the ink color instead. Psychaongtoperties of this test are good (Delis et
al., 2001b).

This particular test has been used less frequeritiyolder adults compared to the Stroop
test. However, tests of inhibition are common measin research on cognitive decline in older
adults (Braver et al., 2001; Butler & Zacks, 20G&rven et al., 2007; Paxton et al., 2007; Von
Hippel & Dunlop, 2005). The traditional Stroop pdigm is also one of the oldest executive
function tests (Stroop, 1935). By using a meastirehobition, we were able to examine whether
the Proverb test was related to functional indepand beyond a more traditionally-assessed
domain.

D-KEFSproverb test. Proverb understanding refers to the ability to coghpnd
statements beyond literal meaning. Participantewwesvided with common and uncommon
proverbs (Delis et al., 2001a). Psychometric prigeare good (Delis et al., 2001b; Shunk et al.,
2006). Research is very limited, with none exangrofder adults with this particular test.

Functional independence measure.

Independent living scales (ILS). The ILS was used as the funcitonal independence
measure for this studit.is an objective measure of Instrumental Actestof Daily Living
(IADLsS) (Loeb, 1996). Psychometric properties aped (Baird, 2006; Loeb, 1996; Revheimet

al., 2006).
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The ILS yields an overall Full Scale score. Itlsoabroken into five scales: (a)
Memory/Orientation, (b) Managing Money, (c), Honmela ransportation, (d), Health and
Safety, and (e) Social Adjustment. In additionhtleste subtest scores, items are divided into two
classes: (a) those that require basic knowledgdl@ntiose that require problem-solving (Loeb,
1996).

Procedure

This study was approved by the home institution&itutional Review Board. Interested
participants contacted the PI via telephone, atwebahour session was schedul&tiis study
was conducted in either the Neuropsychology and MgmAssessment Laboratory at the
University of Georgia, or the residence of the ipggnt/common room in the participant’s
residential building if they were unable to comelte laboratory. Participants completed a
written consent form and the Pl answered any questit was assumed that the participant had
capacity to consent based on their ability to cahpnd the recruitment flyer, call the
researcher, and schedule a time to participatearstudy. However, if the participant appeared
to have significant difficulty comprehending theaexiner, they were not included in the study
After consenting, participants completed a demdgramformation form including age, gender,
years of education, and current income. Particppauare administered the MMSE. If they
performed below the cutoff as defined by MMSE htere (i.e., < 23/30; Tangalos et al., 1996),
they were excluded from further participation amovded with information about the UGA
Memory Assessment Clinic. Three participants wexdugled per aboveéNext, participants were
administered the GDS. Scores above 20 would hasleded them from the study (Brink,
Yesavage et al., 1982; Sheikh et al., 1991; SheiMesavage, 1986); however, no participant

obtained a score above 20. Participants were ttherngstered the Wechsler Test of Adult
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Reading (WTAR) to obtain an 1Q estimate (The Psiaioal Corporation, 2001) followed by
the D-KEFS Trail Making Test, D-KEFS Color-Wordénference Test, D-KEFS Proverb Test,
and ILS. After completion of testing, participamisre provided with a written debriefing as well
as an oral explanation of the study. Participargeewpaid $20 regardless of whether they
completed the study.

Results

Forty-six participants were recruited for the stu@llgree were excluded due to an MMSE
score_<23, resulting in a total N of 43. No other exclusmiteria were met by any participant.
Demographic information and descriptive data fervhriables are detailed in Tables 1.1 and
2.1.A Wilk W Test was used to check for normality oéttistribution of the independent and
dependent variables. With the exception of thergeStories test, all variables were non-
normally distributed. We therefore mean-centeredddta.

One participant was unable to complete the D-KEB®IGWNord Interference Test due to
color-blindness and was not counted for analysassiticluded that measure. The P-P and
residual plots appeared within normal limits foegvregression analysis. Additionally, VIF and
tolerance scores were also within normal limits.

Next, we ran correlational analyses among the iedéent and dependent variables.
Because the data were not normally distributedgeaBnan’s rank-order correlation was
employedAll of the independent variables were correlatethwhe dependent variable, the Full
Scale ILS score (see Table 3.1) supporting furtix@amination of relationships of all

independent variables in regression models.
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Before a regression analysis was employed, we eaihthe effect of demographic
information (i.e., age, gender, ethnicity, eduaat@nd income, and WTAR-predicted 1Q) on the
ILS Full Scale score. Only agp € - .61, t (42) = -2.54) < .05) was significant.

Hierarchical regression was utilized. Age was ratento the first step of the model.
Next, the traditional domains of cognitive flexibyland inhibition were entered into the second
step, as operationalized by the Trail Making Testdition 4 (cognitive flexibility) and Color-
Word Interference Test Condition 3 (inhibition) iadnles from the D-KEFS. The D-KEFS
Proverb Test Achievement (proverb interpretaticarjable was entered into the third step. The
Full Scale ILS standard score (functional indep@ede was entered as the dependent variable.

The first step of the model was significantly asated with functional independence
(R?= .13, F (1, 40) = 5.8 < .05), and age accounted for a significant portibmariance in
ILS performancef = -.60, t (40) = -2.41p < .05). The second step of the model was also
significant (R = .30, Rchange = .17, F (3, 38) = 5.45< .01, significant F change< .05).

Age was no longer significant and inhibition did mocount for significant variance. Cognitive

flexibility was significantly associated with theS (= 1.32, t (38) = 2.65) < .05). The third

step of the model was again significant €R45, Rchange = .15, F (4, 37) = 7.52< .01,

significant F changp < .01). Both cognitive flexibilityf = 1.26, t (37) = 2.81p < .01) and

proverb interpretationg(= 1.47, t (37) = 3.15 < .01) were significant. See Table 4.1.
Discussion

Since executive functioning is the single best jted of functional independence (Bell-
McGinty et al., 2002; Cahn-Weiner, et al., 2000wise& Miller, 2002; Mitchell & Miller, 2008;
Sherod et al., 2009) and proverb interpretationdessn conceptualized as an executive function

(Delis et al., 2001a), examining the relationshgpaeen proverb interpretation and functional
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independence seemed warranted. Results indicaaedftbr controlling for age, proverb
interpretation and cognitive flexibility were sifiocantly associated with performance on the
ILS. This suggests that the ability to compreheorfztly verbalize an abstract concept and
think flexibly may be related to one’s ability iwd independently as measured by the ILS. Itis
surprising that the inhibition test did not accotartsignificant and unique variance on
functional ability given that it was significanttprrelated with the ILS (D-KEFS Color-Word
Interference Test, Condition 3 r = .385 .05). Furthermore, this task is one of the oldest
executive function measures (Stroop, 1935) andrhtéee past been shown to predict functional
ability (Jefferson et al., 2006).

To examine the possible reasons why inhibition m@sassociated with functional
ability, a review of the functional ability measwreed in this study is necessary. The ILS is a
measure of IADLs (Loeb, 1996). IADLs are the mooenplex daily living tasks, such as
shopping and paying bills (Njegovan et al., 200Bst items consisted of the examiner asking
participants to answer how they would solve real{iroblems, demonstrate the ability to carry
out specific tasks, and correctly identify genéradwledge questions related to independence
(Loeb, 1996). It is possible that successful pentomce on the ILS does not rely heavily upon
inhibition. While the ILS requires one to thinkXibly when answering various questions about
different scenarios (perhaps utilizing cognitivexibility), it does not appear sensitive to
variation in inhibitory processes, at least thossoaiated with the Stroop.

It may be argued that the ILS measures basic vathily. However, if this was the
case, it would be expected that the WTAR-predi€i®t, which is a measure of word-reading
ability (The Psychological Corporation, 2001), wabalso be significantly associated with ILS

performance. These scores did not significantlyetate with the ILS, suggesting that the ILS is
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not simply dependent on basic verbalization. fiassible that the ILS relies more on complex,
abstract reasoning and verbalization. This may t&&ason why proverb interpretation was
strongly associated with its performance.

To our knowledge, these research questions havieeeot examined in an older adult
population. A strength of this study is that we avable to examine these variables in a healthy
community-dwelling population. The benefit of stuttya healthy population is that it limits the
chance that variance in scores is due to cogriliserders, such as MCI or dementia.

The population used in this study can also be vikagea limitation, however, as this was
a somewhat high-functioning sample. Further, thimge consisted of mostly women who had a
high level of education and a higher income thangéneral population. Given this sample, the
scores were in a limited range, which may havetéththe sensitivity of the measures to find
results of statistical significance. A caveat ts #tudy is that the conclusions regarding
functional independence have been made in the xiooftéunctional independenas measured
by the ILS. It is possible that given a different measureunictional independence, the results
may vary. Therefore, conclusions regarding the egydack of utility of ToM assessment for
functional independence refer only to the ILS.

For future studies, the population could be brogdeth demographically and in terms of
cognitive functioning. It may be beneficial to @it data from multiple groups, including
healthy adults, those with MCI, and those with ndé&mentia. This way, group effects could be
directly compared. Additionally, collecting datarin a collateral source, such as a spouse or
adult child, may likely provide additional data aeding the participant’s functional ability.
Recent research from our laboratory has indicdtatigarticipant and collateral report of

functional ability increasingly differ with increiag cognitive impairment (Miller, Brown,
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Mitchell, & Williamson, In Press). Therefore, gatimg data from a collateral source may prove
beneficial. Finally, additional measures of funoabindependence would help clarify whether
the results obtained in this study generalize beofunctional ability measures. This would
strengthen the argument that assessing for ToM nlatesdd additional information not already
obtained through measuring executive function.

In sum, the results of this study suggest thabaeyb interpretation task (i.e., measure of
verbal abstraction), explains additional variancéinctional independence. During a
neuropsychological evaluation of an older adultiag the D-KEFS Proverb Test or similar

measure may be beneficial in adding to a more cetapleurocognitive profile.
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Table 1.1

Demographic Information

Frequency Minimum Maximum Mean Standard
Deviation
Age (in years) 65 89 77 7.10
Gender
Male 6
Female 37
Ethnicity
White/ Non
Hispanic
African American/Black
Hispanic/Latino
Asian/Pacific Islander
Other
Education (in years) 9 22 15.07 3.65
Family Income
Below $10,000 5
$10,001-$30,000 26
$30,001-$60,000 4
$60,001-$90,000
$90,001 and Above 4
Geographical Region
Raised
South 23
North Central
West
Northeast
Other
WTAR-Predicted FSI®) 78 129 108.28 15.35

N OFrLr ODN

A OO - O

Note. N = 43.
*WTAR-Predicted FSIQ = Wechsler Test of Adult RegdRredicted Full Scale 1Q. Scores based on
mean of 100 and standard deviation of 15.
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Table 2.1

Descriptive Information for all Independent and Dependent Variables

Minimum
D-KEFS'TMT-4" 2
D-KEFS C-W-3 © 1
D-KEFS Proverb 3
ILS' 65

Maximum

16

15

16

118

Mean

9.46

9.95

11.07

102.19

Standard Deviation

3.99

3.40

3.24

11.70

Note. N = 43 for all variables except the D-KEFS Colooi¥ Interference test, Condition 3

% Delis-Kaplan Executive Function System

® D-KEFS Trail Making Test Condition 4. Scaled scbased on mean of 10 and standard deviation of 3
° D-KEFS Color-Word Interference Test Condition 8a®d score based on mean of 10 and standard idevidt3

IN =42

°D-KEFS Proverb Test Achievement Score. Scaled dzased on mean of 10 and standard deviation of 3

4 Independent Living Scales Full Scale Standardé&S@tandard score based on mean of 100 and stateldadion of 15
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Table 3.1

Correlation® Matrix of Independent and Dependent Variables’

D-KEFSTMT-4 D-KEFS C-W-3 D-KEFs Proverb  ILS® Full Scale SB
Test, Achievement

D-KEFS TMT-4¢ 60** 17 AT
D-KEFS C-W 28 33*
D-KEFS Proverb AQx
ILS®

Note. N = 43 for all variables except for correlationgwthe D-KEFs Color-Word Interference Test (N = 42)

4 Spearman’s correlation was used due to the nomalatistributions of the variables

® All variables have been mean-centered

¢ Delis-Kaplan Executive Function System

4D-KEFSTrail Making Test Condition 4. Scaled scoasdd on mean of 10 and standard deviation of 3

°D-KEFS Color-Word Interference Test Condition 3aled score based on mean of 10 and standard devaitB

" D-KEFS Proverb Test Achievement Score. Scaledessased on mean of 10 and standard deviation of 3
9Independent Living Scales Full Scale Standard S&tendard score based on mean of 100 and statelaation of 15
*p<.05 *p<.01
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Table 4.1

Multiple Regression Analysis of ILS* by D-KEFS’ Proverb Test

Step 1: R =.36 & .13 Adj. R= .11 Standard. Error of Estimate = 11.14F (1,%6)82,p < .05

Step 2: R=.55 R .30 Adj. R=.25 Rchange =.17 Standard. Error of Estimate 10R£3, 38) = 5.45p < .01 F change = 4.78,< .05

Step 3: R=.67 & .45 Adj. R=.39 Rchange =.15 Standard. Error of Estimate = §.24, 37) = 7.52p < .01 F change = 9.89< .01

Correlations

Step Beta t Sig. Zero-order Partial Part

1 Age -.60 -2.41 p<.05 -.36 -.36 -.36

2 Age -42 1.80 ns -.36 -.28 -.24
D-KEFS TMT-4 1.32 2.65 p<.05 49 39 36
D-KEFS C-W-3 -13 _22 ns 28 -.04 -03

3 Age -.30 -1.38 ns -.36 -.22 -17
D-KEFS TMT-4 1.26 2.81 p<.01 49 42 34
D-KEFS C-W-3 -.45 -.84 ns 28 -.14 -.10
D-KEFS Proverb 1.47 3.15 p<.01 51 46 38

Note. N = 42

 Independent Living Scales Full Scale Standarde&S@tandard Scores based on mean of 100 and statedaation of 15
®Delis-Kaplan Executive Function System

¢ D-KEFS Trail Making Test Condition 4. Scaled scbased on mean of 10 and standard deviation of 3

9D-KEFS Color-Word Interference Test Condition 3at®d score based on mean of 10 and standard devHtB
°D-KEFS Proverb Test Achievement Score. Scaled dzased on mean of 10 and standard deviation of 3
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CHAPTER 4
RELATIONSHIP BETWEEN THEORY OF MIND AND

FUNCTIONAL INDEPENDENCE IS MEDIATED BY EXECUTIVE FMCTION!

'Ahmed, F.S. & Miller, L.S. To be submitted sychology and Aging.
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Abstract

Theory of Mind (ToM) is the ability to compreheadother person’s perspective.
Though there is much literature of ToM in childrémgre is a limited and somewhat inconclusive
amount of studies examining ToM in a geriatric dapan. This study examined ToM’s
relationship to functional independence. Two te$tSoM, executive function, and functional
ability were administered to cognitively-intact efcadults. Results showed that one test of ToM
(Strange Stories test) significantly accountedvemrance in functional ability, while the other
did not (Faux Pas test). Additionally, the Strafgeries test performance was partially driven by
a verbal abstraction-based executive function: gronterpretation. A multiple mediation
model was employed to examine whether executivetims explained the relationship between
the Strange Stories test and functional abilitysuRs showed that both the combined and
individual indirect effects of the executive furmtimeasures mediated the relationship. This
study suggests that assessment of ToM does noaiafgpadd unique additional variance in to a

functional independence measure.
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There has been a significant amount of researcmiexag the best methods to predict
functional decline in older adults. Functional @pils defined as the ability to perform self-care
tasks and therefore live independently. In demeat@erson first shows decline in Instrumental
Activities of Daily Living (complex self-care; IAD$) before Activities of Daily Living (basic
self care; ADLs) (Njegovan, Hing, Mitchell, & Molna2001). As cognitive abilities decline, one
can infer that the functional tasks that are depahdn those cognitive processes will decline as
well. In fact, functional status has been showdécline according to severity of cognitive
deficit (Pereira et al., 2010).

Specifically, executive dysfunction has been shtavbe the best predictor of functional
decline (Bell-McGinty, Podell, Franzen, Baird, & Mams, 2002; Cahn-Weiner, et al., 2000;
Lewis & Miller, 2002; Mitchell & Miller, 2008; Shexd et al., 2009). Executive function is
defined as the set of cognitive processes necessapmplete goal-oriented, complex tasks
(Lezak, Howieson, & Loring, 2004; Zelzao & Frye 9B) and has been associated with the
prefrontal cortex (Buckner, 2004; Jefferson etZ007; Raz & Rodrigue, 2006; Paxton et al.,
2007; Royall et al., 2002; Stuss et al., 2002; WE3$6). Executive function deficits have been
consistently found in the normal aging processcBipally, there is evidence of declines in
cognitive flexibility and inhibition (Butler & Zack 2006; Davies, 1968; Hasher & Zacks, 1988;
Uekermann, Thoma, & Daum, 2008; Von Hippel & Dunl@p05; Wecker, Kramer, & Delis,
2005; Wecker, Kramer, Wisniewski, Delis, & Kapl@000). Cognitive flexibility is the ability
to both adapt and switch between new instructiomlas (Delis et al., 2001a), and this ability
declines with increasing age (Davies, 1968; Jaffeet al., 2007; Nutter-Upham et al., 2008;
Wecker et al., 2000)nhibition refers to the ability to monitor onesalid refrain from prepotent

responses (Delis et al., 2001a). Aging has alsa beked with a decrease in inhibitory behavior
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(Butler & Zacks, 2006, Von Hippel & Dunlop, 200%)astly, research from our laboratory (see
chapter 3) examined the relationship between ploweerpretation and functional
independence. Proverbs are defined as abstracsstpns that convey messages about society
(Uekermann, Thoma, & Daum, 2008). Successful ptougerpretation requires the ability to
understand the abstract meaning instead of itsretmnstatement (Delis et al., 2001a).

There is no universally specified set of executivections (for a review, see Stuss &
Knight, 2002). An emerging area of research has lbeeTheory of Mind and its relationship to
executive function. First introduced by Premack Wabdruff (1978), Theory of Mind (ToM) is
defined as the ability to understand another'sggron of a situation. Stemming from autism
and developmental literature, it is one model #gt@mpts to explain how one comes to
comprehend views and beliefs of other people (B&ohen, 1988). Though it is not found in
traditional neurocognitive literature, the ToM f@ure argues that it is a cognitive process
because it requires one to infer both emotionstiaodghts of another person (Baron-Cohen,
1988). Similar to executive functions, engagingd oM tasks shows activation in the prefrontal
cortex. Happé et al. (1996) found that healthy Tpdfformance showed areas of activation in
the medial left prefrontal cortex. Interestingly, Asperger group (i.e., a clinical sample shown
to have deficits in ToM) did not display the sanséeation and instead demonstrated greater
activation in the surrounding areas (Happé etlB6). This suggests that deficits in ToM may
be linked to a functional difference at the neutdenel, thus supporting ToM’s dependence on
prefrontal brain regions.

While there have been some case studies that ld\established a relationship between
executive functions and ToM (Bach, Happé, FlemingdPowell, 2005; Fine, Lumsden, &

Blair, 2001), there have been many more that hdaetified an association between the two in
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the developmental literature (Carlson, Moses areddBr, 2002; Carlson, Moses, & Claxton,
2004; Cole & Mitchell, 1998; Fisher & Happé, 20@grdon & Olsen, 1998; Hughes, 1998;
Hughes, Dunn, & White, 1998; Hughes & Graham, 2@@@eph & Tager-Flusberg, 2004;
Sabbagh, Xu, Carlson, Moses, & Lee, 2006). Thecaason between ToM and executive
functioning has also been shown in adults (AhmddiBer, 2010; Saltzman, Strauss, Hunter, &
Archibald, 2000; Von Hippel & Dunlop, 2005).

Given the research supporting an executive funamnponent ToM, it is possible that
ToM may be affected with aging. There is confligtievidence regarding a decline in ToM
ability in a geriatric population. Happé, Winner B&ownell (1998) found better ToM scores in
an older adult group than in a college-aged grélgwever, this seems to be the only study that
has found an increase in ToM ability with age. @dtadies have revealed ToM decline in older
adults. The ability to detect a faux pas was mdifedlt for older adults than controls.
(MacPherson, Phillios, & Sala, 2002). In one studgearchers found that older adults tended to
ask more socially inappropriate questions andtthiatrelationship was mediated by poor
inhibitory skills (Von Hippel & Dunlop, 2005). In study examining ToM in university controls,
older adults and those with Parkinson’s diseasearehers found that in general older adults
had lower scores on measures of ToM. ParticipartsRarkinson’s disease performed even
more poorly on ToM measures compared to univecsititrols and older adults without the
disease (Saltzman, Strauss, Hunter, & Archibal@020ndividuals with frontotemporal
dementia also evidence ToM deficits (SchroeterzRacNeumann, & von Crammon, 2008).
Finally, significant age effects were found on aaswee of faux pas recognition (MacPherson,

Phillips, & Della Salla, 2002).
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As with the literature in executive dysfunction aaging, research has emphasized that
deterioration of frontal regions, such as the datsoal prefrontal cortex and the anterior medial
frontal cortex, are associated with ToM decline ¢Maerson et al., 2002; Schroeter et al., 2008).
ToM is considered to be a cognitive construct wittme developmental literature (Baron-Cohen,
1988; Baron-Cohen & Wheelwright, 2004). Therefone, study of ToM in older adults is
separate from examination of the affective comptehemotional processing, which have
been found not to decline with age (St. Jacquess@&te-Symons, & Cabeza, 2009).

To our knowledge, there has not been research exagrthe relationship between ToM
and functional independence. However, given thatetls a link between executive functions
and ToM and that executive functions are signifigaedictors of functional decline, ToM too
may be significantly associated with it.

Aims

The primary aim of this study was to examine trsoamtion of ToM to functional
independence. A second aim was to evaluate theoredaip of proverb interpretation to ToM.
Research from our laboratory (see Chapter 3) fabatproverb interpretation accounts for
significant variance in measures of functional peledence. Given the abstract nature of both
proverb and ToM, it was hypothesized that provatérpretation will also be associated with
ToM. Finally, given a relationship between ToM duodctional independence, analysis of
potential indirect effects from executive functiogiwere conducted. Specifically, multiple
mediation models were utilized to examine if theoggation of ToM to functional was mediated

by executive functioning (i.e., cognitive flexiltylj inhibition, and proverb interpretation).
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Method
Participants

Participants were recruited from the local communihe principal investigator (P1)
posted fliers in public boards throughout the comityu With permission from assisted
living/retirement communities, the fliers were psbn common area boards and resident
mailboxes. Furthermore, the Pl gave presentatibnatavays in which older adults can keep
their minds active to multiple assisted living/rethent communities and the local library.
Exclusion/inclusion criteria.

Inclusion for the study involved meeting the agguieement of 65 to 89. Exclusion
criteria included significantly impaired vision (tike extent that it impedes the ability to read),
self-reported illiteracy, self-report of a currehdgnosis of dementia/significant cognitive
deficits, or performance below 23 on the Mini Mér8tatus Exam (MMSE), a global measure
of mental status (Folstein, Folstein, & McHugh, 82 Finally, individuals who reported
significant current symptoms of depression werduglad from the study (Cutoff score2® or
higher on the Geriatric Depression Scale; GDS).

M easur es

Brief cognitive screen.

Mini-mental status exam (MMSE). The MMSE is a 30-item brief screen of global
cognitive functioning (Folstein et al., 1975). Aose below 23 excluded participants from this
study (Tangalos et al., 1996).

Emotional functioning.

Geriatric depression scale (GDS). Depression has been associated with functional

decline (Alexapoulos, 2005; Baird, 2006). Theref@articipants were administered the GDS, an
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orally-administered set of questions regardingpdeicipant’s feelings over the past week.
(Brink, Yesavage, Lum, Heersema, Adey, & Rose, 198izikh et al., 1991; Sheikh &
Yesavage, 1986). Individuals with a score of 2@igher were to be excluded from this study
(Yesavege, et al., 1983).

| Q estimate.

Wechsler test of adult reading (WTAR). This study employed the Wechsler Test of Adult
Reading (WTAR) in order to obtain a predicted FRdhle 1Q (FSIQ) score (The Psychological
Corporation, 2001).

ToM measures.

Srange storiestest. This Strange Stories are a series of vignetteshiciwthe intention of
the character’s actions has to be deciphered hicipants (Happé, 1994). Furthermore, it has
been shown to be more sensitive within the Aspgpogeulation, who normally pass simple ToM
tasks but still struggle with more subtle ToM skikuch as double bluffs and white lies (Happé,
1994; Jolliffe & Baron-Cohen, 1999).

There are multiple versions of this test for difer populations (Happé, 1994; Jolliffe &
Baron-Cohen, 1999; Happé et al., 1998; Maylor, Mon| Muncer, & Taylor, 2002; Sullivan, &
Ruffman, 2004). Permission was obtained from teedeveloper, and the version that this study
used was a selection of stories from the versiahwlas administered to young and older adults
(Brent et al., 20044appé et al., 1998). It consists of six storiesy fof which require the use of
ToM and two control stories. However, all of thergts have been used as part of a larger set of
stories (Brent et al., 2004; Happé, 1994). Themfepecific data of the reliability and validity of
this exact set are unknown, though the StrangeeStor general has shown good reliability and

validity (Happé, 1994; Happé et al., 1998; Gottli2805; Kaland et al., 2002).
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Faux pastest. Faux pas is defined as a socially inappropriateraent or act (resulting in
hurt or upset feelings) that is unintentionally m&Brine & Briine-Cohrs, 2005; Gregory et al,
2002; Stone, Baron-Cohen, & Knight, 1998). Paraaifs read a series of 20 vignettes, and asked
to identify whether a faux pas occurred, the intanof the person committing the faux pas, and
the emotional reaction of the other person (Grego®l., 2002; Stone, Baron-Cohen, & Knight,
1998).This test has shown interrater reliability at .88 @orrelated with both first-order and
second-order ToM measures (r = .76 and 0.78) (Gyegiaal., 2002).

Functional independence measure.

Independent living scales (ILS). The ILS was used as an objective measure of IADLs
(Loeb, 1996). Psychometric properties are goodr(Ba006; Loeb, 1996; Revheimet al., 2006).
It assesses areas related to memory/orientatitamdial management, caring for the home and
travelling, safety and health awareness, and spatain (Loeb, 1996).

Executive function measures.

Delis-Kaplan executive function system (D-KEFS). Select tasks from the D-KEFS were
employed to assess specific domains of executivetion. (Delis et al., 2001a). Though there
are other, more traditionally-utilized measuregxécutive function in research with older
adults, this study employed measures from the D-&Hme D-KEFS provides the same
normative sample for all of its subtests (Delislet2001), streamlining the interpretation of
results.

This study used the Trail Making Test, Color-Wantetference Test, and Proverb Test.
Traditional trail making (Army Individual Test Batty, 1944) and Stroop (1935) tests measure
executive domains that have support in the liteeatagarding their ability to predict functional

ability (Butler & Zachs, 2006; Davies, 1968; HasBerachs, 1988; Sorel & Pannequin, 2008;
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West, 1996) and were therefore used to comparefteetiveness of ToM on functional
independence.

D-KEFStrail making test. This subtest measures cognitive flexibility whiefiers to the
ability to quickly adapt to new rules and concepslis et al., 2001a). The Trail Making Test is
divided into five conditions. The fourth is congidé the traditional executive measure of
cognitive flexibility, as it requires the particips to switch between connecting numbers and
letters in both numerical and alphabetical ordezli®et al., 2001a).

The D-KEFS Trail Making Test is frequently usedhe older adult population, with
older adults showing poorer performance (Jeffeetaal., 2007; Nutter-Upham et al., 2008;
Razani et al., 2007; Wecker et al., 2005).

The aim of this study was to examine the relatignbletween ToM and functional
independence. Tests of cognitive flexibility arentoonly assessed in older adult populations
(Davies, 1968; Sorel & Pannequin, 2008; Stuss.eP@01; Wecker et al., 2005), and the tralil
making test is also one of the oldest executivetion measures (Army Individual Test Battery,
1944). Therefore, the use of the D-KEFS Trail Mgkiest helped us compare the significance
(if any) of ToM on functional decline.

D-KEFS color-word interference test. This subtest measureshibition, the ability to hold
back one’s automatic response for the correct Dhis.test is divided into four conditions. The
third is based on the traditional Stroop test. Woeds “red,” “green,” and “blue” are written in
different-colored ink. This test requires one thiloit reading the word and name the ink color
instead. Scaled scores are derived from complétiomin seconds (Delis et al., 2001a).

Psychometric properties of this test are good @atlial., 2001b).
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This particular test has been used less frequeritiyolder adults compared to the Stroop
test. Tests of inhibition are common measuressearch on cognitive decline in older adults
(Braver et al., 2001; Butler & Zacks, 2006; Gereg¢mal., 2007; Paxton et al., 2007; Von Hippel
& Dunlop, 2005). The traditional Stroop paradignaiso one of the oldest executive function
tests (Stroop, 1935). By using a measure of inbibitve were able to examine whether the
ToM was related to functional independence beyohdition.

D-KEFSproverb test. Participants were provided with common and uncomprorerbs
and asked to describe their meanings (Delis e2@01a). Psychometric properties are good
(Delis et al., 2001b; Shunk et al., 2006). Thereeiy/ limited research examining proverb
interpretation in older adults. Previous reseanchur lab (chapter 3) found that the D-KEFS
Proverb Test accounted for a significant amountrofue variance in functional independence.
To our knowledge, there are no other studies usiad>-KEFS Proverb Test in older adults.
Given the abstract nature of interpreting provewes examined its contribution of proverb
ability on ToM.

Procedure

This study was approved by the home institution&itutional Review Board. Interested
participants contacted the PI via telephone, atwebahour session was schedul&tiis study
was conducted in either the Neuropsychology and Mgmssessment Laboratory at the
University of Georgia, or the residence of the ipggant/common room in the participant’s
residential building if they were unable to comelte laboratory. Participants completed a
written consent form and the Pl answered any questit was assumed that the participant had
capacity to consent based on their ability to cahpnd the recruitment flyer, call the

researcher, and schedule a time to participatearstudy. However, if the participant appeared
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to have significant difficulty comprehending theaexiner, they were not included in the study
After consenting, participants completed a demdgramformation form including age, gender,
years of education, and current income. Particppauare administered the MMSE. If they
performed below the cutoff as defined by MMSE htere (i.e., < 23/30; Tangalos et al., 1996),
they were excluded from further participation amovded with information about the UGA
Memory Assessment Clinic. Three participants wexdugled per aboveéNext, participants were
administered the GDS. Scores above 20 would hasleded them from the study (Brink,
Yesavage et al., 1982; Sheikh et al., 1991; SheiMesavage, 1986), however, no participant
obtained a score above 20. Participants were ttherngstered the Wechsler Test of Adult
Reading (WTAR) to obtain an IQ estimate (The Psimiioal Corporation, 2001) followed by
the D-KEFS Trail Making Test, D-KEFS Color-Word énference Test, D-KEFS Proverb Test,
Strange Stories test, Faux Pas test, and ILS. A@apletion of testing, participants were
provided with a written debriefing as well as aal@xplanation of the study. Participants were
paid $20 regardless of whether they completedttidys
Results

Forty-six participants were recruited for the stu@llgree were excluded due to an MMSE
score_<23, resulting in a total N of 43. No other exclusmiteria were met by any participant.
Demographic information and descriptive data fervhriables are detailed in Tables 1.2 and
2.2.A Wilk W Test was used to check for normality o ttistribution of all the independent and
dependent variables. With the exception of thergeeStories test, all variables were non-
normally distributed. We therefore mean-centeredddta.

One participant was unable to complete the D-KEB®IGWNord Interference Test due to

color-blindness and was not included in any analist included that measure. The P-P and
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residual plots appeared within normal limits foegvregression analysis. Additionally, VIF and
tolerance scores were also within normal limits.

Next, we ran correlational analyses among the iedéent and dependent variables.
Because the data were not normally distributedgeaBnan’s rank-order correlation was
employedAll of the independent variables were correlatethwhe dependent variable, the Full
Scale ILS score (see Table 3.2), supporting furtixamination of relationships of all
independent variables in regression models.

Primary Aim: ToM and Functional Independence

Previous research from our lab found that the §&e®tories Test and the Faux Pas test
did not utilize the same executive mechanisms (Ah&iller, 2010). Therefore, separate
regression analyses were employed with each ToMatesdependent variable.

Strange storiestest. Interrater reliability of the Strange Stories tesis very good (r =
.94,p < .01). A hierarchical regression model was usegikimine the effect of performance on
the Strange Stories test on the ILS Full Scaleesddge was entered into the first step of the
overall model. The Strange Stories test total caitp®core was entered into the second step.
The Full Scale ILS standard score was enteredeaddphendent variabl&he first step
accounted for significant varianceR.14,F (1, 41) = 6.45p < .05), and age was significantly
associated with functional independenge (.61, t (41) = -2.54p < .05). The second step of the
model was significant, accounting for additionati@ace beyond the first model{R .31, R
change = .17, F (2, 40) = 8.48< .01, significant F change< .01). Both agef(= -.54, t (40) =
-2.48,p < .05) and Strange Stories performange .07, t (40) = 3.1 < .01) accounted for

significant variance (Table 4.2).
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Faux pastest. Strong interrater reliability was found (r = .$8< .01). This hierarchical
regression consisted of entering age into thed$begp and scores from the Faux Pas test total
composite score into the second step. The FuleSt8 standard score was entered as the
dependent variabl&@he first step of the model was significanf R.15, F (1, 41) = 6.45
<.05) and age was significantly associated witlcfiomal independence € -.61, t (41) = -2.54,
p < .05). The second step of the model was alsdfsignt (R*= .19, Rchange = .05, F (2, 40) =
4.61,p < .05); however, the change in the F statistic ma@ssignificant p > .05 and the Faux
Pas test did not account for a significant amoditdalitional variance in functional
independencey(> .05; Table 5.2).

Secondary Aim: Proverb and ToM

The next aim of the present study was to examinetlven proverb interpretation was
associated with ToM performance. Two separate ssgye analyses were employed, with either
the Strange Stories or the Faux Pas tests as plemdent variable.

Strange storiestest. There was a significant correlation (Spearman ridGsp < .01)
between proverb interpretation and Strange Staxiest, we examined the effect of
demographic information (i.e., age, gender, etiymieducation, income, and WTAR-predicted
IQ) on the Strange Stories test. Educatr (20, t (41) = 2.14p < .05), incomef = .69, t (41)
=2.24,p<.05), and WTAR-predicted IGF € .06, t (41) = 2.97p < .01)were significant.
Therefore, they were simultaneously entered ingdfitist step of the model. The D-KEFS
Proverb Test Achievement score was entered integbend step, and the Strange Stories total
composite score was entered as the dependent leafTdie first step of the model was
significant (R = .20, F (3, 39) = 3.3% < .05), and this time none of the demographicaldes

were significantly associated with the Strangei8satest |f > .05).The second step of the model
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was also significant (R= .28, R change = .08, F (4, 38) = 3.%9< .05, significant F change<
.05) with proverb interpretation being significgnfissociated with the Strange Stories t@st (
23,1 (380 = 2.08p < .05) (Table 6.2).

Faux pastest. The correlation between proverb interpretation Badx Pas performance
was examined. They were not found to be signifigastdrrelated i > .05), and therefore no
further analyses were conducted.

Mediation Analyses

Since the Strange Stories test accounted for ggnif variance in ILS performance, the
next step was to examine the indirect effects etakve function. Because executive function
has been shown to account for some variance idMe (Ahmed & Miller, 2010), it seems
likely that they would at least partially mediate trelationship between ToM and functional
independence. We examined the indirect effect®ghitive flexibility, inhibition, and proverb
interpretation. As aforementioned, both cognitilexibility and inhibition have traditionally
predicted performance in functional independenal{RcGinty et al., 2002; Cahn-Weiner, et
al., 2000; Lewis & Miller, 2002; Mitchell & Miller2008; Sherod et al., 2009). The association
between proverb interpretation and functional ire@fence does not appear to have been
examined by other researchers. Previous reseanchdur laboratory, however, found that it
accounted for significant variance in ILS perforro@aifAhmed & Miller, unpublished, see
chapter 3).

Mediation analyses have been outlined by Baronetn§/ (1986). However, their causal
steps approach has been argued to be problematcia science research (Preacher & Hayes,
2008). The causal steps approach assumes a nastmddudion and a very large sample size,

which Preacher and Hayes (2008) note is not alwagsible in social science research.
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Furthermore, the distribution of indirect relatibnss is nearly always non-normal (Mallinckrodt,
Abraham, Wei, & Russell, 2006; Preacher & Haye930A mediation model that utilizes
bootstrapping and the ability to examine multipledmting variables has been argued to be the
best way to examine multiple mediation. It redugeth Type | error and allows for comparisons
among the magnitude of the effect of all mediatiagables (Preacher & Hayes, 2008).
Therefore, the multiple mediation technique outlilg Preacher and Hayes (2008) was used.

Strange storiestest. Using an algorithm provided by Preacher and Ha66g),the
Full Scale ILS score was entered as the depenaeiatole. Next, the Strange Stories total
composite score was entered as an independenbMaride D-KEFS Trail Making Test
Condition 4, Color-Word Interference Test Condit&yrand Proverb Test Achievement scores
were entered as mediating variables. Age was ehssr@ covariate since it was significantly
associated with the ILS.

The total effect was significant (total effect 43.p < .01). Age did not display a
significant partial effectd > .05).The direct effect was non-significant (direct effecl.03, p >
.05). Examination of the bootstrap results indidatet the total indirect effect was significant,
as its 95% bias corrected and accelerated confdeterval was between .28 and 3.68 (Preacher
and Hayes, 2008). Both cognitive flexibility (.182.85) and proverb interpretation (.13 to 2.41)
had significant individual indirect effects.

Although the inhibition variable showed a signifitd®ivariate correlation with the ILS (r
=.33,p < .05), previous research from our laboratory fothat it was not a significantly related
to ILS performance (Ahmed & Miller, unpublishedesghapter 3). Therefore, we re-ran the
multiple mediation model after removing the inhidit variable, leaving the cognitive flexibility

and proverb interpretation variables as the onlgiatang variables. The conclusions remained
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the same. The total direct effect was significamiia{ effect = 3.12p < .01). Age did not have an
effect p > .05). The direct effect was not significant édir effect = 1.09p > .05). Bootstrap
results indicated that the total indirect effecswsaynificant, as its 95% bias corrected and
accelerated confidence interval was between .33&l Cognitive flexibility (.01 to 2.06) and
proverb interpretation (.10 to 2.01) had significendividual indirect effects. The direct and
indirect relationships of this second mediation glate detailed in Figure 1.2.

Faux pastest. Since the Faux Pas test was not associated Wwihpérformance, no
further analysis was conducted.

Discussion

The primary aim of this study was to examine wheffe@M was associated with
functional independence. Since previous researgfesis that the Strange Stories and Faux Pas
tests may be driven by differing cognitive mecharssthe impact of each ToM test on
functional independence was explored separatelsulReindicated that performance on the
Strange Stories test accounted for significantavene in functional independence while the Faux
Pas test did not.

There are two possible explanations for why one Te#f accounted for significant
variance in functional independence while the othémot. Previous research from our
laboratory indicated that these two tests may basaméng differing cognitive mechanisms, as
they each had different numbers and types of ekectinctions accounting for variance in their
scores (Ahmed & Miller, 2010). In our previous wpovierbal fluency and deductive reasoning
were associated with the Strange Stories testevgahder, verbal fluency, and problem solving
were associated with performance on the Faux Basherther, gender accounted for the most

variance in Faux Pas test scores (Ahmed & Milled,®. Therefore, if the Faux Pas test relied
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so heavily on gender compared to executive funstitren perhaps executive functions are
comparatively weak components in the ability teedet faux pas. In the present study, the
population was primarily female and therefore gerdiéerences were not found. The main
reason why the ToM-functional independence relatigmwas explored was due to the
executive function aspects of successful ToM peréorce. Our findings may be the result of the
Faux Pas test having weak executive function meshe and perhaps this is the reason why it
was not significantly associated with the ILS. Beeond reason why the Faux Pas test may not
have accounted for significant variance on the &/ be due to a relatively more limited
variance in scores compared to a wider distributib&trange Stories test scores.

The second aim of this study was to examine tragiogiship between proverb
interpretation and ToM. Proverb interpretation basn conceptualized as an executive function
(Delis et al., 2001a) and previous research hasméated a relationship between executive
functioning and ToM (Ahmed & Miller, 201@ole & Mitchell, 1998; Gordon & Olsen, 1998;
Joseph & Tager-Flusberg, 2004). Finally, both prbveterpretation and ToM tests require the
participant to be able to think abstractly and ecily verbalize their responses (Delis et al.,
2001a; Happé, 1994; Jolliffe & Baron-Cohen, 1998ppk et al., 1998; Maylor, Moulson,
Muncer, & Taylor, 2002; Sullivan, & Ruffman, 200&)herefore, it would seem plausible that
proverb interpretation would be associated with Tgdvifformance. After analyzing the variance
accounted for by proverb interpretation on eacthefToM tests separately, it was found that
proverb interpretation was significantly relatedhiie Strange Stories test but not the Faux Pas
test. The reasons for the lack of a relationshtvben proverb interpretation and the Faux Pas

testmay be the same reasons described in the prevavagnaph; namely, that the Faux Pas test
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may be less driven by executive function and ite@w@hat restricted range of scores further
limits the ability to identify any associative retmship with another variable.

The final aim was to examine whether the ToM-fumeél independence relationship was
mediated by the executive functions of cognitiexifility, inhibition, and proverb
interpretation. Using a multiple mediation modkg tndirect effects of executive function were
evaluated. Results indicated that while the tdifeice was significant, the direct effect was non-
significant, and the total indirect effect was sigant. This suggests that while the Strange
Stories test appeared to be related to functioitdpendence, this effect was actually mediated
by executive functioning. Inspection of the magdéwf effect from the individual mediating
variables yielded significant indirect effects frawmgnitive flexibility and proverb interpretation.
The inhibition variable, though correlated with 1h&, did not have a significant mediating
effect. This is supported by previous research wvfocind no significant variance accounted for
through regression analysis between inhibitionthedLS (Ahmed & Miller, unpublished, see
chapter 3). This may be due to the nature of ti&ittelf and not a reflection on functional
independence in general. The ILS, which requireBgyaants to respond to real-life potential
scenarios and answer general knowledge questiaeb(11996), may rely more heavily in
thinking flexibly when shifting from question to gstion (cognitive flexibility) and the ability to
think abstractly about future events and succdgsfaelbalize their answers (similar to a proverb
interpretation skill). Mediation analyses aftem@ving the inhibition variable yielded the same
conclusions as the previous model. As describdéegagxamination of ToM’s relationship with
functional independence was conducted in ordesteréain whether adding another test would
explain additional unique variance in functionailih thus adding incremental validity and a

possible addition to a neuropsychological assessResults from the mediation analysis,
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however, suggest that assessment of ToM in a lyealidler adult population may not add
additional useful information regarding functiomadiependence, above and beyond that of
measurement of executive function.

To our knowledge, these research questions havieeeot examined in an older adult
population. A strength of this study is that we &vable to examine these variables in a healthy
community-dwelling population. The benefit of stuttya healthy population is that it limits the
chance that variance in scores is due to cogriliserders, such as MCI or dementia.

The population used in this study can also be vieagea limitation, however, as this was
a high-functioning sample. Furthermore, this saneplesisted of mostly women who had a high
level of education and a higher income than theegdmpopulation. Given this sample, the scores
were in a limited range, which may have limited sleasitivity of the measures to find results of
statistical significance. A caveat to this studshiat the conclusions regarding functional
independence have been made in the context ofifunatindependencas measured by the ILS.

It is possible that given a different measure oicfional independence, the results may vary,
Therefore, conclusions regarding the apparentddcitility of ToM assessment for functional
independence refers only to the ILS.

For future studies, the population could be brogdeth demographically and in terms of
cognitive functioning. It may be beneficial to @it data from multiple groups, including
healthy adults, those with MCI, and those with ndé&mentia. This way, group effects could be
compared. Additionally, collecting data from a etdral source, such as a spouse or adult child,
may provide helpful data regarding the participsufiinctional ability as recent research from
our laboratory has indicated that participant apithteral report of functional ability

increasingly differ with increasing cognitive impaient (Miller, Brown, Mitchell, &
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Williamson, In Press). Finally, additional measuséfunctional independence would help
clarify whether the results obtained in this stgéweralize to other functional ability measures.
This would therefore strengthen the argument ths¢ssing for ToM does not add additional
information not already obtained through measuexgcutive function.

These results suggest that in a healthy older adpltilation, assessment of ToM does
not appear to be significantly associated with flesformance. Given the literature regarding the
relationship of executive functioning on functiomdility, these preliminary results indicate that

assessment of ToM may be an unnecessary additeneéoropsychological battery.
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Table 1.2

Demographic Information

Frequency Minimum Maximum Mean Standard
Deviation

Age (in years) 65 89 77 7.10
Gender

Male 6

Female 37
Ethnicity

White/ Non

Hispanic 40

African American/Black 2

Hispanic/Latino 0

Asian/Pacific Islander 1

Other 0
Education (in years) 9 22 15.07 3.65
Family Income

Below $10,000 5

$10,001-$30,000 26

$30,001-$60,000 4

$60,001-$90,000 4

$90,001 and Above 4
Geographical Region Raised

South 23

North Central 9

West 1

Northeast 6

Other 4
WTAR-Predicted FSI 78 129 108.28 15.35
Note. N = 43.

*WTAR-Predicted FSIQ = Wechsler Test of Adult RegdRredicted Full Scale 1Q. Scores based on mead®f
and standard deviation of 15.

95



Table 2.2

Descriptive Information for all Independent and Dependent Variables

Minimum
D-KEFS'TMT-4" 2
D-KEFS C-W-3 ¢ 1
D-KEFS Proverb Test, Achievement scaled score 3
Strange Stories Té'st 2.50
Faux Pas Test 68.50
ILS"Full Scale 65

Maximum

16
15
16
12
121

118

Mean

9.46

9.95

11.07

8.12

110.09

102.19

Standard Deviation

3.99

3.40

3.24

2.34

9.80

11.70

Note. N = 43 for all variables except the D-KEFS Colooi¥ Interference test, Condition 3

& Delis-Kaplan Executive Function System

® D-KEFS Trail Making Test Condition 4 Scaled Sc@eores based on mean of 10 and standard devidtin

¢ D-KEFS Color Word Interference Test Condition Z8d Score. Scores based on mean of 10 and statelaation of 3

d

N =42
4 Total composite score. Score ranged from 0 — 12
¢ Total composite score. Score ranged from 0 — 121

" Independent Living Scales. Standard score baseseam of 100 and standard deviation of 15
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Table 3.2

Correlation® Matrix of Independent and Dependent Variables’

D-KEFSTMT-4 D-KEFS C-W-3  D-KEFs Proverb Strange Stories  Faux Pas Test ILS Full Scale

Test
D-KEFS TMT-4¢ .60** 17 AT .37* AT
D-KEFS C-W-3 .28 .38* .25 .33*
D-KEFs Proverb 40** A2 44**
Strange Stories A2 H1x*
Test
Faux Pas Te’t 33*
ILS' Full Scale

Note. N = 43 for all variables except for correlationgwthe D-KEFs Color-Word Interference Test (N = 42)
4 Spearman’s correlation was used due to the nomalatistributions of the variables

® All variables have been mean-centered

¢ Delis-Kaplan Executive Function System

4 D-KEFS Trail Making Test Condition 4 Scaled Sc@eores based on mean of 10 and standard devidtin
¢ D-KEFS Color Word Interference Test Condition Zi8d Score. Scores based on mean of 10 and statelaation of 3
" D-KEFS Proverb Test Achievement Scaled Score.eé3doased on mean of 10 and standard deviation of 3.
9 Score ranged from 0-12

" Score ranged from 0-121

'Independent Living Scales. Standard score basedean of 100 and standard deviation of 15

*p<.05 *p<.01
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Table 4.2

Multiple Regression Analysis of ILS* by Srange Stories Test”
.37 & .14 Adj. R=.12 Standard. Error of Estimate = 11.01 F(1) = 6.45p < .05

Stepl: R =
SteB 2:R=.55 R=.31 Adj. R=.27 R change = .17 Standard. Error of Estimate = 10.(08 B0 ) = 8.78p < .01 F change =9.74< .01
Correlations
Step Beta t Sig. Zero-order Partial Part
1 Age -.61 -2.54 p<.05 -.37 -.37 -.37
2 Age -.54 -2.48 p<.05 -.37 -.37 -.33
Strange Stories 2.07 3.12 p<.01 45 A4 41

Note. N = 43
#Independent Living Scales full scale standardesc8tandard scores based on mean of 100 and sfatelaation of 15.

P Strange Stories total composite score. Scores dainge 0-12.
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Table 5.2

Multiple Regression Analysis of ILS? by Faux Pas Test”

Step 1: R = .37 & .14 Adj. R= .12 Standard. Error of Estimate = 11.01 F (),%6.45p < .05
Step 2: R=.43 R= .19 Adj. R= .15 Rchange =.05 Standard. Error of Estimate = 10-§2, 40) = 4.61p < .05 F change = 2.58,> .05
Correlations
Step Beta t Sig. Zero-order Partial Part
1 Age -61 -2.54 p<.05 -.37 -.37 -.37
2 Age -61 -2.61 p<.05 -.37 -.38 -.37
Faux Pas 27 1.59 ns 22 24 23
Note. N = 43

% Independent Living Scales full scale standardesc®cores based on mean of 100 and standard deviditi5.
®Faux Pas Test total composite score. Scores rdrmad-121.
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Table 6.2

Multiple Regression Analysis of Srange Stories Test® by D-KEFS Proverb Test”

Step 1: R = .45 R=.20 Adj. R=.14 Standard. Error of Estimate = 2.17 B$B= 3.33p< .05
Step 2: R=.53 R= .28 Adj. R=.21 R change =.08 Standard. Error of Estimate = 0@, 38) = 3.79 < .05 F change = 4.3f,< .05
Correlations

Step Beta t Sig. Zero-order Partial Part

1 Education -.01 -.04 ns .32 -.01 -.01
Income .39 .98 ns .33 A5 14
WTAR -predicted 1Q .05 1.94 ns 42 .30 .28

2 Education .06 44 ns .32 .07 .06
Income 27 71 ns .33 A2 .10
WTAR-predicted 1Q .03 1.05 ns 42 A7 15
D-KEFS Proverb 23 2.08 p<.05 42 32 .29

Note. N = 43

& Strange Stories total composite score
®Delis-Kaplan Executive Function System Proverb aesievement scaled score. Scores based on mééreofi standard deviation of 3.

“Wechsler Test of Adult Reading predicted Full S¢@leScores based on mean of 100 and standardtidemid 15.
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A2

Strange Storiés

D-KEFS
TMT-4°

2.07"

.79

.88*

Age

-.33

Figure 1.2. Executive Function Mediators of theaBgie Stories — ILS relationship

D-KEFS
Proverl

1.17*

ILS¢

Note: The values for each path are the unstandardizgdgssion coefficient. The italicized number is direct effect and the un-italicized number is thift

effect. *p < .05. *p < .01

& Strange Stories total composite score. Scoregdafigm 0-12

® D-KEFS Trail Making Test Condition 4 Scaled Scdeores based on mean of 10 and standard devigt®n
° D-KEFS Proverb Test Achievement Scaled Score.e8doased on mean of 10 and standard deviation of 3
4Independent Living Scales Full Scale Standard S&@teres based on mean of 100 and standard dewvixtich
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CHAPTER 5
DISCUSSION

The first aim of this study was to examine whei@verb interpretation was
significantly associated with functional indepenceabove and beyond that of cognitive
flexibility and inhibition. Since executive funching is one of the best predictors of functional
independence (Bell-McGinty et al., 2002; Cahn-Weieéal., 2000; Lewis & Miller, 2002;
Mitchell & Miller, 2008; Sherod et al., 2009) antbperb interpretation has been conceptualized
as an executive function (Delis et al., 2001a) rélationship between proverb interpretation and
functional independence was examined. Resultsateticthat after controlling for age, out of the
executive tasks evaluated, proverb interpretatimhcgnitive flexibility were significantly
associated with ILS performance. This suggeststheaability to comprehend/correctly
verbalize an abstract concept and think flexiblyrba related to one’s ability to live
independently as measured by the ILS. It is sungithat the inhibition test did not account for
significant and unique variance on functional &pigiven that it was significantly correlated
with the ILS (D-KEFS Color-Word Interference TeSgndition 3 r = .33p < .05). Furthermore,
this task is one of the oldest executive functicasures (Stroop, 1935) and has in the past been
shown to predict functional ability (Jefferson &t 2006).

To examine the possible reasons why inhibition m@sassociated with functional
ability, a review of the functional ability measwreed in this study is necessary. The ILS is a
measure of IADLs (Loeb, 1996). IADLs are the mooenplex daily living tasks, such as

shopping and paying bills (Njegovan et al., 200Bst items consisted of the examiner asking
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participants to answer how they would solve rdal{roblems, demonstrate the ability to carry
out specific tasks, and correctly identify genéradwledge questions related to independence
(Loeb, 1996). It is possible that successful pentomce on the ILS does not rely heavily upon
inhibition. While the ILS requires one to thinkXibly when answering various questions about
different scenarios (perhaps utilizing cognitivexibility), it does not appear to need inhibitory
skills. Thus, at least on the ILS, it appears thhibitory skills are not necessary for successful
performance.

It may be argued that the ILS measures basic vathbbty. However, if this was the
case, it would be expected that the WTAR-predi€ist, which is a measure of word-reading
ability (The Psychological Corporation, 2001), wabalso be associated with ILS performance.
These scores did not even correlate with the Iu§gssting that the ILS is not simply dependent
on basic verbalization. It is possible that the Hefes more on complex, abstract reasoning and
verbalization, but less so on flexibility of thimg and intact inhibitory ability. This may be a
reason why proverb interpretation was associatéa WS performance.

The second aim of this study was to examine wheftbdt was associated with
functional independence. Results indicated thdbpaance on the Strange Stories test
accounted for significant variance in functionadependence while the Faux Pas test did not.

There are two possible explanations for why one Te#f accounted for significant
variance in functional independence while the othémot. Previous research from our
laboratory indicated that these two tests may baseméng differing cognitive mechanisms, as
they each had different numbers and types of ekecfinctions accounting for variance in their
scores. Specifically, verbal fluency and deductea&soning were associated with the Strange

Stories test, while gender, verbal fluency, andf@m solving were associated with performance
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on the Faux Pas test. Furthermore, gender accotortéte most variance in Faux Pas test
scores (Ahmed & Miller, 2010). Therefore, if theukePas test relied so heavily on gender
compared to executive functions, then perhaps dixeciunctions are not a strong description of
the ability to detect a faux pas. Instead, therg beaa sociocultural explanation why females
performed better on this test. In the present sttiaypopulation was primarily female and
therefore gender differences were not found. Thie meason why the ToM-functional
independence relationship was explored was dusetexecutive aspects of successful ToM
performance. If the Faux Pas test is weak in #ggrd, then it may be an inadequate associated
variable with functional independence. It is alesgqble that the Faux Pas test was relatively
more limited in variance of scores compared tovlter distribution of Strange Stories test
scores, reducing its ability to elicit a relatioipsh

The third aim of this study was to examine thetreteship between proverb
interpretation and ToM. As aforementioned, proviatbrpretation has been conceptualized as an
executive function (Delis et al., 2001a) and prasioesearch has determined a relationship
between executive functioning and ToM (Ahmed & Wii]l2010; Cole & Mitchell, 1998;
Gordon & Olsen, 1998; Joseph & Tager-Flusberg, 20B#ally, both proverb interpretation and
ToM tests require the participant to be able toklabstractly and correctly verbalize their
responses (Delis et al., 2001a; Happé, 1994; fiodifBaron-Cohen, 1999; Happé et al., 1998;
Maylor, Moulson, Muncer, & Taylor, 2002; Sulliva&,Ruffman, 2004). Therefore, it would
seem likely that proverb interpretation would bsoasated with ToM performance. After
analyzing the variance accounted for by proverérpretation on each of the ToM tests
separately, it was found that proverb interpretati@as significantly related to the Strange

Stories test but not the Faux Pas test. The redsottse lack of a relationship between proverb
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interpretation and the Faux Pas test may be retatdte aforementioned points. The results
suggest that the ability to clearly express abstraccepts was more relevant in the Strange
Stories test than the Faux Pas test. However ntladl sange of Faux Pas test scores limits this
conclusion, as a larger score range may have eglsulta significant relationship.

The final aim was to examine whether the ToM-fumeél independence relationship was
mediated by the executive functions of cognitiexifility, inhibition, and proverb
interpretation. Using a multiple mediation modikg tndirect effects of executive function were
evaluated. Overall results indicated that the tetf#ct was significant, the direct effect was non-
significant, and the total indirect effect was siglant. This suggests that while the Strange
Stories test appeared to be related to functionidpendence, this effect was actually mediated
by executive functioning. Inspection of the magdéwf effect from the individual mediating
variables yielded significant indirect effects frawmgnitive flexibility and proverb interpretation.
The inhibition variable, though correlated with 1h&, did not have a significant mediating
effect. This is supported by previous research wfocind no significant variance accounted for
through regression analysis between inhibitionthedLS (Ahmed & Miller, unpublished, see
chapter 3). This may be due to the nature of ti&ittelf and not a reflection on functional
independence in general. The ILS, which requireBgyaants to respond to real-life potential
scenarios and answer general knowledge questiaeb(11996), may rely more heavily in
thinking flexibly when shifting from question to gstion (cognitive flexibility) and the ability to
think abstractly about future events and succdgsfaelbalize their answers (similar to a proverb
interpretation skill). Mediation analyses aftem@ving the inhibition variable yielded the same
conclusions as the previous model. As describdéegagxamination of ToM’s relationship with

functional independence was conducted in ordesteréain whether adding another test would
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explain additional unique variance in functionailih thus adding incremental validity and a
possible addition to a neuropsychological assessResults from the mediation analysis,
however, suggest that assessment of ToM in a lyealidler adult population may not add
additional useful information regarding functiomadiependence, above and beyond that of
measurement of executive function.

To our knowledge, these research questions havieeeot examined in an older adult
population. A strength of this study is that we avable to examine these variables in a healthy
community-dwelling population. The benefit of stuttya healthy population is that it limits the
chance that variance in scores is due to cogriliserders, such as MCI or dementia.

The population used in this study can also be vieagea limitation, as this was a high-
functioning sample. Furthermore, this sample caedisf mostly women who had a high level
of education and a higher income than the geneallation. Given this sample, the scores were
in a limited range, which constricts the abilityfilod results of statistical significance. A caveat
to this study is that the conclusions regardingfiomal independence have been made in the
context of functional independenasmeasured by the ILS. It is possible that given a different
measure of functional independence, the resultsvagy Therefore, conclusions regarding the
apparent lack of utility of ToM assessment for fiimeal independence refer only to the ILS.

For future studies, the population could be broaleth demographically and in terms of
cognitive functioning. It might be beneficial tollsxt data from not only healthy adults, but
those with MCI and those with dementia. This wapup effects could be compared.
Additionally, collecting data from a collateral soe, such as a spouse or adult child, would
likely provide helpful data regarding the partiaiypa functional ability as recent research has

indicated that participant and collateral reportusfctional ability increasingly differ with
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increasing cognitive impairment (Miller, Brown, Mitell, & Williamson, In Press). Finally,
additional measures of functional independence avbelp clarify whether the results obtained

in this study generalize to other functional apilteasures. This would strengthen the argument
that assessing for ToM does not add additionarim&tion not already obtained through
measuring executive function.

In sum, our findings suggested that proverb intggiion accounted for unique variance
in functional independence. It also accounted foque variance in the Strange Stories test.
Proverb interpretation was unrelated to the Fawsxt€st, and the Faux Pas test did not explain
any variance in functional independence. The Se&stgries test did account for a significant
amount of variance in functional independence fimher analysis via a multiple mediation
model revealed that this relationship was removtst accounting for the total indirect effects
of cognitive flexibility, inhibition, and provermterpretation. Implications of this study suggest
that adding a proverb interpretation test as a areas verbal abstraction ability may be
beneficial in accounting for additional unique a&te in functional ability. Additionally, these
results suggest that in a healthy older adult g, assessment of ToM in and of itself does
not appear to be significantly associated with flesformance. Given the literature regarding the
relationship of executive functioning to functiordility, these preliminary results indicate that

assessment of ToM may be an unnecessary additeneéoropsychological battery.

107



REFERENCES

Ahmed, F.S., & Miller, L.S. (2010). Executive furast predictors of theory of mindournal of
Autism and Developmental Disorders, DOI: 10.1007/s10803-010-1087-7.

Alexopaulos, G.S. (2005). Depression in the elddithe Lancet, 365, 1961-1970.

Alibhai, S.M.H., Mahmoud, S., Hussain, F., Nagle, Tannock, I., Tomlinson, G., Fleshner,
N., Krahn, M., Warde, P., Klotz, L., Breunis, Hedch, M., & Duff Canning, S. (2010).
Levels of sex hormones have limited effect on cohgniin older men with or without
prostate cancecCritical Reviews in Oncology/Hematology, 73, 167-175.

American Psychiatric Association. (200Djagnostic and statistical manual of mental disorders
(Revised 4th ed.). Washington, DC: Author.

Army Individual Test Battery. (1944Manual of Directions and Scoring. Washington, DC: War
Department, Adjutant General’'s Office.

Bach, L.J., Happé, F., Fleminger, S., & Powel(2005). Theory of mind: Independence of
executive function and the role of the frontal e&rin acquired brain injuryCognitive
Neuropsychiatry, 5, 175-192.

Backman, L., Nyberg, L., Lindenberger, U., Li, &.Farde, L. (2006). The correlative triad
among aging, dopamine, and cognition: Current stahd future prospects.
Neuroscience and Behavioral Reviews, 30, 791-807.

Baird, A. (2006). Fine tuning recommendations floleo adults with memory complaints: Using
the independent living scales with the dementimgatcale The Clinical

Neuropsychologist, 20, 649-661.

108



Baron-Cohen, S. (1988). Social and pragmatic definiautism: Cognitive or affectiveldurnal
of Autism and Developmental Disorders, 18, 379-402.

Baron-Cohen, S., Jolliffe, T., Mortimore, C., & Rotson, M. (1997). Another advanced test of
theory of mind: Evidence from very high functioniadults with autism or asperger
syndromeJournal of Child Psychology and Psychiatry, 38, 813-822.

Baron-Cohen, S., Leslie, A.M., & Frith, U. (198B)oes the autistic child have a “theory of
mind”? Cognition, 21, 37-46.

Baron-Cohen, S., & Wheelwright, S. (2004). The Ethp&uotient: An investigation of adults
with asperger syndrome or high functioning autiang normal sex difference¥ournal
of Autism and Developmental Disorders, 34, 163-175.

Bell-McGinty, A., Podell, K., Franzen, M., Baird,. A& Williams, M.J. (2002). Standard
measures of executive function in predicting insteatal activities of daily living in
older adultsinternational Journal of Geriatric Psychiatry, 17, 828-834.

Blakemore, S.J., & Choudhury, S. (2006). Developnoéthe adolescent brain: Implications for
executive function and social cognitialournal of Child Psychology and Psychiatry, 47,
296-312.

Bollen, K., A. & Jackman, R., W. (1990) Regresdiziagnostics: an Expository treatment of
Outliers and Influential cases In J. Fox & S. L{&gs)Modern Methods of Data
Analysis Newbury Park CA: Sage.

Bora, E., Vahip, S., Gonul, A.S., Akdeniz, F., Atké., Ogut, M., & Eryavuz, A. (2005).
Evidence for theory of mind deficits in euthymidipats with bipolar disordeACTA

Psychiatrica Scandinavica, 112, 110-116.

109



Braver, T.S., Barch, D.M., Keys, B.A., Carter, CSohen, J.D., Kaye, J.A., Janowsky, J.S.,
Taylor, S.F., Yesavage, J.A., Mumenthaler, M.Agu¥, W.J., & Reed, B.R. (2001).
Context processing in older adults: Evidence ftirery relating cognitive control to
neurobiology in healthy agingournal of Experimental Psychology, 130, 746-763.

Brent, E., Rios, P., Happé, F., & Charman, T. (30Bérformance of children with autism
spectrum disorder on advanced theory of mind tafkssm, 8, 283-299.

Brink T.L., Yesavage J.A., Lum O., Heersema P.,\AdleB.,& Rose T.L. (1982)Screening tests
for geriatric depressior€linical Gerontologist, 1, 37-44.

Brine, M., & Bodenstein, L. (2005). Proverb compnes$ion reconsidered — ‘Theory of mind’
and the pragmatic use of language in schizophré&dngzophrenia Research, 75, 233-

239.

Briine, M., & Briine-Cohrs (2005). Theory of mindekuion, ontogeny, brain mechanisms and
psychopathologyNeuroscience and Behavioral Reviews, xx, 1-19.

Buckner, R.L. (2004). Memory and executive functimaging and ad: Multiple factors that
cause decline and reserve factors that comperi¢atson, 44, 195-208.

Butler, K.M., & Zacks, R.T. (2006). Age deficits aontrol of prepotent responses: Evidence for
an inhibitory declinePsychology and Aging,21, 638-643.

Cahn-Weiner, D.A., Malloy, P.F., Boyle, P.A., MarrM., & Salloway, S. (2000). Prediction of
functional status from neuropsychological testsammunity-dwelling elderly
individuals.The Clinical Neuropsychologist, 14, 187-195.

Cahn-Weiner, D.A., Boyle, P.A., & Malloy, P.F. (200 Tests of executive function predict
instrumental activities of daily living in commuwitiwelling older individualsApplied

Neuropsychology, 9, 187-191.

110



Carlson, S.M., Mandell, D.J., & Williams, L. (2004xecitive function and theory of mind:
Stability and prediction from ages 2 toC3velopmental Psychology, 40, 1105-1122.
Carlson, S.M., Moses, L.J., & Breton, C. (2002)w&pecific is the relation between executive
function amd theory of mind? Contributions of inkaioy control and working memory.

Infant and Child Development, 11, 73-92.

Carlson, S.M., Moses, L.J., & Claxton, L.J. (200aylividual differences in executive
functioning and theory of mind: An investigationiohibitory control and planning
ability. Journal of Experimental Child Psychology, 87, 299-319.

Carpenter, P.A., Just, M.A., & Reichle, E.D. (200®porking memory and executive function:
evidence from neuroimagin@urrent opinion in Neurobiology, 10, 195-199.

Charlton, R.A., Barrick, T.R., Markus, H.S., & M@rR.G. (2009). Theory of mind associations
with other cognitive functions and brain imagingiormal agingPsychology and Aging,
24, 338-348.

Cole, K. & Mitchell, P. (2000). Siblings in the ddepment of executive control and a theory of
mind. British Journal of Developmental Psychology, 18, 279-295.

Courchesne, E., Chisum, H.J., Townsend, J., CoWle£ ovington, J., Egaas, B., Harwood, M.,
Hinds, S., & Press, G.A. (2000). Normal brain depetent and aging: Quantitative
analysis at in vivo MR imaging in healthy volunted®adiology, 216, 672-682.

Cuerva, A.G., Sabe, L., Kuzis, G., Tiberti, C., Bgo, F., & Starkstein, S.E. (2001). Theory of
mind and pragmatic abilities in dementiNeuropsychiatry, Neuropsychology, &

Behavioral Neurology, 14, 153-158.
Davies, A.D. (1968). The influence of age on tradking test performancdournal of clinical

Psychology, 24, 96-98.

111



Delis, D.C., Kaplan, E., & Kramer, J.H. (2001a).liB&aplan Executive Function System
Examiner’s Manual. San Antonio, TX: The PsycholagiCorporation.

Delis, D., Kaplan, E., & Kramer, J.H. (2001b). Bekaplan Executive Function System
Technical Manual. San Antonio, TX: The Psycholob@arporation.

Delis, D.C., Kramer, J.H., Kaplan, E., & Holdnadk(2004). Reliability and validity of the
Delis-Kaplan Executive Function System: An updaternal of the International
Neuropsychological Society, 10, 301-303.

Dubois, B., Andrade, K., & Levy, R. (2008). Exematidysfunction and neuropsychological
testing. In C. Duyckaerts & I. Litvan (Ed$dandbook of Clinical Neurology (volume 89;
3% series). Elsevier. Amsterdam: 35-52.

Faul, F., Erdfelder, E., Buchner, A., & Lang, A(@009). Statistical power analyses using
G*Power 3.1: Tests for correlation and regressiwailysesBehavior Research Methods,
41, 1149-1160.

Faul, F., Erdfelder, E., Lang, A.G., & Buchner,(2007). G*Power 3: A flexible statistical
power analysis program for the social, behavia@matl biomedical scienceBehavior
Research Methods, 39, 175-191.

Federal Interagency Forum on Aging-Related StaistDlder Americans 2008: Key Indicators
of Well-Being. Federal Interagency Forum on Agingl&ed Statistics, Washington, DC:
U.S. Government Printing Office.

Ferri, C.P., Prince, M., Brayne, C., Brodaty, Hatkglioni, L., Ganguli, M., Hall, K., Hasegawa,
K., Hendrie, H., Huang, Y., Jorm, A., Mathers, Renezes, P.R., Rimmer, E.,&
Scazufca, M. (2005). Global prevalence of deme#tiBelphi consensus studyhe

Lancet, 366, 2112-2117.

112



Fillit, H., Hill, J.W., & Futterman, R. (2002). H&h care utilization and costs of Alzheimer’'s
disease: The role of co-morbid conditions, disestiage, and pharmacotherapamily
Medicine, 34, 528-535.

Fine, C., Lumsden, J., & Blair, R.J.R. (2001). Dation between ‘theory of mind’ and
executive functions in a patient with early leftyggdala damageBrain, 124, 287-298.

Fisher, N., & Happé, F. (2005). A training studytle¢ory of mind and executive function in
children with autistic spectrum disordedsurnal of Autism and Devel opmental
Disorders, 35, 757-771.

Flashman, L.A., Wishart, H.A., Oxman, T.E., & SaykA.J. (2003). Boundaries between
normal aging and dementia: Perspectives from neyotwlogical and neuroimaging
investigations. In V.O.B. Emery & T.E. Oxman (Ed3gmentia: Presentations,
Differential Diagnosis, and Nosology (2™ edition). Johns Hopkins University Press.
Baltimore, 3-30.

Folstein, M.F., Folstein, S.E., & McHugh, P.R. (B97‘Mini-mental state” : A practical method
for grading the cognitive state of patients for thiaician. Journal of Psychiatric
Research, 12, 189-198.

Gilbert, S.J., Spengler, S., Simons, J.S., Stédle, Lawrie, S.M., Frith, C.D., & Burgess, P.W.
(2006). Functional specialization within rostra¢éfsontal cortex (area 10): A meta-
analysis.Journal of Cognitive Neuroscience, 18, 932-948.

Gordon, A.C.L., & Olson, D.R. (1998). The relatioaetween acquisition of a theory of mind and
the capacity to hold in mindournal of Experimental Child Psychology, 68, 70-83.

Gottlieb, D. (2005). The strange stories test: lioation of children and adolescents with

asperger syndrome&uropean Child Adolescent Psychiatry, 14, 73-82.

113



Green, R.E.A., Melo, B., Christensen, B., Ngo,Manette, G., & Bradbury, C. (2008).
Measuring premorbid 1Q in traumatic brain injuryn Axamination of the validity of the
Wechsler Test of Adult Reading (WTARJpurnal of Clinical and Experimental
Neuropsychology, 30, 163-172.

Gregory, C., Lough, S., Stone, V., Erzinclioglu, I8artin, L, Baron-Cohen, S., & Hodges, J.R.
(2002). Theory of mind in patients with frontal izt frontotemporal dementia and
alzheimer’s disease: Theoretical and practical itaibns.Brain, 125, 752-764.

Happé, F.G. (1994). An advanced test of theoryiofilmJnderstanding of story characters’
thoughts and feelings by able autistic, mentallychieapped, and normal children and
adults.Journal of Autism and Developmental Disorders, 24, 129-154.

Happé, F., Ehlers, S., Fletcher, P., Frith, U.ahsison, M., Gillberg, C., Dolan, R., & Frith, C.
(1996). ‘Theory of mind’ in the brain. Evidencerna PET scan study of asperger
syndrome(Clinical Neuroscience and Neuropathology, 8, 197-201.

Happé, F., Winner, E., & Brownell, H. (1998). Thetting of wisdom: Theory of mind in old
age.Developmental Psychology, 34, 358-362.

Hasher, L., & Zacks, R. T. (1988). Working memargmprehension, and aging: A review and a
new view. In G. H. Bower (Ed.The psychology of learning and motivation: Vol. 22 (pp.
193-225). San Diego, CA: Academic Press.

Hedden, T., & Gabrieli, J.D.E. (2004). Insightsoitihe ageing mind: A view from cognitive
neuroscienceNature Reviews, 5, 87-96.

Homack, S., Lee, D., & Riccio, C.A. (2005). Testiesv: Delis-Kaplan Executive Function

System.Journal of Clinical and Experimental Neuropsychology, 27, 599-609.

114



Hughes, C. (1998). Finding your marbles: Does preslers’ strategic behavior predict later
understanding of mindDevelopmental Psychology, 34, 1326-1339.

Hughes, C., Dunn, J., & White, A. (1998). Trickteat?: Uneven understanding of mind and
emotion and executive dysfunction in “hard to maiggeschoolerslournal of Child
Psychology and Psychiatry, 39, 981-994.

Hughes, C., & Graham, A. (2002). Measuring exeeutiinctions in childhood: Problems and
solutions?Child and Adolescent Mental Health, 7, 131-142.

Jefferson, A.L., Paul, R.H., Ozonoff, A., & CohéhA. (2006). Evaluating elements of
executive functioning as predictors of instrumeatlvities of daily living (IADLS).
Archives of Clinical Neuropsychology, 21, 311-320.

Jefferson, A.L., Poppas, A., Paul , R.H., & Cohem. (2007). Systemic hyperfusion is
associated with executive dysfunction in geriatacdiac patientNeurobiol ogy of
Aging, 28, 477-483.

Jolliffe, T. & Baron-Cohen, S. (1999). The stramsgieries test: A replication with high-
functioning adults with autism or asperger syndrodoarnal of Autismand
Developmental Disorders, 29, 395-404.

Joseph, R.M., & Tager-Flusberg, H. (2004). Thetiataship of theory of mind and executive
functions to symptom type and severity in childvath autism.Development and
Psychopathology, 16, 137-155.

Kaland, N., Moller-Nielsen, A., Callesen, K., Manten, E.L., Gottlieb, D., & Smith, L. (2002).
A new ‘advanced’ test of theory of mind: Evidenoanh children and adolescents with

asperger syndromdournal of Child Psychology and Psychiatry, 43, 517-528.

115



Katz, S., Ford, A.B., Moskowitz, R.W., Jackson, B.& Jaffe, M.W. (1963). The index of
ADL.: A standardized measure of biological and pggdtial functionThe Journal of
the American Medical Association, 185, 914-919.

Kaufman, D.M. (2007)Clinical Neurology for Psychiatrists (6" Edition). Philadelphia: Elsevier.

Kerr, N., Dunbar, R.1.M., & Bentall, R.P. (2003)ndory of mind deficits in bipolar affective
disorder.Journal of Affective Disorders, 73, 253-259.

Lamar, M., & Resnick, S.M. (2004). Aging and preiftal functions: Dissociating orbitofrontal
and dorsolateral abilitiedeurobiology of Aging, 25, 553-538.

Lawton, M.P., Brody, E.M. (1969). Assessment ofoldeople: Self-maintaining and
instrumental activities of daily livingserontologist, 9, 179-186.

Lewis, M.S., & Miller, L.S. (2007). Executive contrfunctioning and functional ability in older
adults.The Clinical Neuropsychologist, 21, 274-285.

Lezak, M.D., Howieson, D.B., & Loring, D.W. (2008 europsychological Assessment' (4
edition). New York, NY: Oxford University Press.

Lindeboom, J., & Weinstein, H. (2004). Neuropsyciyyl of cognitive ageing, minimal
cognitive impairment, Alzheimer’s disease, and uéaccognitive impairmenEuropean
Journal of Pharmacology, 490, 83-86.

Loeb, P.A. (1996). ILS: Independent Living Scalearnal. The Psychological Corporation, San
Antonio.

Lough, S., Kipps, C.M., Treise, C., Watson, P.,BlAR., & Hodges, J.R. (2006). Social
reasoning, emotion and empathy in frontotemporaleateia.Neuropsychologia, 44, 950-

958.

116



MacPherson, S.E., Phillips, L.H., & Della Sala(#02). Age, executive function, and social
decision making: A dorsolateral prefrontal theofgagnitive agingPsychology and
Aging, 17, 598-609.

Maylor, E., Moulson, J.M., Muncer, A., & Taylor,A. (2002). Does performance of theory of
mind tasks decline in old ag&pitish Journal of Psychology, 93, 465-485.

Miller, L.S., Brown, C, Mitchell, M., & Williamson, G. (In press). Actities of Daily Living are
Associated with Older Adult Cognitive Status: Cavegversus Self Report3ournal of
Applied Gerontology.

Mitchell, M., & Miller, L.S. (2008). Prediction diunctional status in older adults: the ecological
validity of four Delis-Kaplan Executive Function §gm testsJournal of clinical and
Experimental Neuropsychology, 30, 683-690.

Njegovan, V., Man-Son-Hing, M., Mitchell, S.L., & dhar, F.J. (2001). The hierarchy of
functional loss associated with cognitive declim@lider personslournal of
Gerontology, 56, M638-M643.

Nutter-Upham, K.E., Saykin, A.J., Rabin, L.A., RoghM., Wishart, H.A., Pare, N., &
Flashman, L.A. (2008). Verbal fluency performantamnestic MCI and older adults
with cognitive complaintsArchives of Clinical Neuropsychology, 23, 229-241.

Ouelett, J., Scherzer, P.B., Rouleau, I., MétrasBé&rtrand-Gauvin, C., Djerroud, N., Boisseau,
E., & Duquette, P. Assessment of social cognitropatients with multiple sclerosis.
Journal of the International Neuropsychological Society, 16, 287-296.

Paxton, J.L., Barch, D.M., Racine, C.A., & Braver$. (2007). Cognitive control, goal

maintenance, and prefrontal function in healthywggterebral Cortex, 18, 1010-1028.

117



Pereira, F.S., Yassuda, M.S., Oliveira, A.M., Dji8zS., Radanovic, M., Talib, L.L., Gattaz,
W.F., & Forlenza, O.V. (2010). Profiles of functedrdeficits in mild cognitive
impairment and dementia: Benefits from objectiveasugementJournal of the
International Neuropsychological Society, 16, 297-305.

Petersen, R.C., Roberts, R.O., Knopman, D.S., Bd&W¥e, Geda, Y.E., Ivnik, R.J., Smith G.E.,
& Jack Jr., C.R. (2009). Mild cognitive impairmeiien years lateNeurological
Review, 66, 1447-1455.

Potter, L.M., & Grealy, M.A. (2008). Aging and idtiion of a prepotent motor response during
an ongoing actiorging, Neuropsychology, and Cognition, 15, 232-255.

Preacher, K.J., & Hayes, A.F. (2008). Asymptotid aesampling strategies for assessing and
comparing indirect effects in multiple mediator retsdBehavior Research Methods, 40,
879-891.

Premack, D., & Woodruff, G. (1978). Does the chimpee have a theory of mindhe
Behavioral and Brain Sciences, 4, 515-526.

Prins, N. D., Van Dijk, E.J., Den Heijer, T., VerereS.E., Jolles, J., Koudstani, P.J., Hofman,
A., & Breteler, M.M. (2005). Cerebral small-vesdedease and decline in information
processing speed, executive function, and menirgin, 128, 2034-2041.

Raz, N., & Rodrigue, K.M. (2006). Differential agiof the brain: Patterns, cognitive correlates,
and modifiersNeurosciences and Biobehavioral Reviews, 30, 730-748.

Razani, J., Casas, R., Wong, J.T., Lu, P., Al€si& Josephson, K. (2007). Relationship
between executive functioning and activities ohydlving in patients with relatively

mild dementiaApplied Neuropsychology, 14, 208-214.

118



Reitan, R.M. (1958). Validity of the trail makingdt as an indicator of organic brain damage.
Perceptual and Motor Skills,8, 271-276.

Revheim, N., Schechter, I., Kim, D., Silpo, G.,iAdham, B., Butler, P., & Javitt, D.C. (2006).
Neurocognitive and symptom correlates of daily peobsolving skills in schizophrenia.
Schizophrenia Research, 83, 237-245.

Royall, D.R., Lauterbach, E.C., Cummings, J.L.,\Red\., Rummans, T.A., Kaufer, D.1.,
LaFrance, W.C., & Coffey, C.E. (2002). Executivatrol function: A review of its
promise and challenges for clinical reseaddurnal of Neuropsychiatry and Clinical
Neurosciences, 14, 377-405.

Sabbagh, M.A., Xu, F., Carlson, S.M., Moses, &l ee, K. (2006). The development of
executive functioning and theory of mind: A compan of chinese and u.s. preschoolers.
Psychological Science, 17, 74-81.

Salthouse, T.A. (19854 theory of cognitive aging. Amsterdam: North-Holland.

Salthouse, T.A. (1996). The processing-speed thefoadult age differences in cognition.
Psychological Review, 103, 403-428.

Salthouse, T.A., & Fristoe, N.M. (1995). Procesalgsis of adult age effects on a computer-
administered trail making teshleuropsychology, 9, 518-528.

Salthouse, T.A., Toth, J., Daniels, K., Parks,Rak, R., Wolbrette, M., Hocking, K.J. (2000).
Effects of aging on efficiency of task switchingarvariant of the trail making test.
Neuropsychology, 14, 102-111.

Saltzman, J., Strauss, E., Hunter, M., & Archib&8d(2000). Theory of mind and executive
functions in normal aging and parkinson’s disedsernal of the International

Neuropsychological Society, 6, 781-788.

119



Schroeter, M., Raczka, K., Neumann, J., & von CraninY. (2008). Neural networks in
frontotemporal dementia — A meta-analydisurobiology of Aging, 29, 418-426.

Sheikh, J.1., Yesavage, J.A. (1986). Geriatric [@epion Scale (GDS): Recent evidence and
development of a shorter version. Clinical Gerorggl: A Guide to Assessment and
Intervention 165-173, NY: The Haworth Press.

Sheikh, J.1., Yesavage, J.A., Brooks, J.O., llieéman, L.F., Gratzinger ,P., Hill, R.D, Zadeik
A., & Crook, T. (1991). Proposed factor structuféhe Geriatric Depression Scale.
International Psychogeriatrics 3: 23-28.

Sherod, M.G., Griffith, H.R., Copeland, J., Belde, Krzywanski, S., Zamrini, E.Y., Harrell,
L.E., Clark, D.G., Brockington, J.C., Powers, R&Marson, D.C. (2009).
Neurocognitive predictors of financial capacity@ss the dementia spectrum: Normal
aging, mild cognitive impairment, and AlzheimerisehseJournal of the International
Neuropsychological Society,15, 258-267.

Shunk, A.\W., Davis, A.S., & Dean, R.S. (2006). Trestiew of the Delis-Kaplan Executive
Function SystemApplied Neuropsychology, 14, 275-279.

Singer, T. (2006). The neuronal basis and ontogémynpathy and mind reading: Review of
literature and implications for future researsleuroscience and Behavioral Reviews, 30,
855-863.

Slessor, G., Phillips, L.H., & Bull. (2007). Exping the specificity of age-related differences in
theory of mind task€?sychology and Aging, 22, 639-643.

Steenhuysen, J. (2010, July). Early diagnosis cadkzheimer’s costs: Studfreuters.

Retrieved from http://www.reuters.com

120



Stone, V.E., Baron-Cohen, S., & Knight, R.T. (1998pntal lobe contributions to theory of
mind. Journal of Cognitive Neuroscience, 10, 640-656.

Stroop, J.R. (1935). Studies of interference masgerbal reactionslournal of Experimental
Psycholology, 18, 643—-662.

Stuss, D.T., Alexander, M.P., Floden, D., BinnsAMLevine, B., McIntosh, N., Rajah, N., &
Hevenor, S.J.. (2002). Fractionation and localarabf distinct frontal lobe processes:
Evidence from focal lesions in humans. In R.T. Knig§ Studd, D.T. (Eds.Principles of
Frontal Lobe Function. Oxford University Press. New York, 392-407.

Sorel, O., & Pannequin, V. (2008). Aging of therplang process: The role of executive
functioning.Brain and Cognition, 66, 196-201.

Sullivan, S. & Ruffman, T. (2004). Social understgng: How does it fare with advancing
yearsBritish Journal of Psychology, 95, 1-18.

Tangalos, E.G., Smith, G. E., Ilvnik, R.J., Petergef., Kokmen, E., Kurland, L.T., Offord,
K.P., & Parisi, J.E. (1996). The Mini-Mental St&ramination in general medical
practice: Clinical utility and acceptanddayo Clinic Proceedings, 71, 829-837.

Taylor, M.A. (1999).The Fundamentals of Clinical Neuropsychiatry. New York: Oxford
University Press.

The Psychological Corporation (200¥echsler Test of Adult Reading. San Antonio, TX:
Harcourt Brace & Company.

Tombaugh, T.N. (2005). Test-retest reliable cogdfits and 5-year change scores for the MMSE
and 3MS Archives of Clinical Neuropsychology, 20, 485-503.

Uekermann, J., Thoma, P., & Daum, I. (2008). Proweterpretation changes in agirgrain

and cognition, 67, 51-57.

121



Van Gerven, P.W.M., Van Boxtel, M.P.J., Meijer, W,Willems, D., & Jolles, J. (2007). On
the relative role of inhibition in age-related wiordg memory declineAging,
Neuropsychology, and Cognition, 14, 95-107.

Von Hippel, W., & Dunlop, S.M. (2005). Aging, inhilon, and social inappropriateness.
Psychology and Aging, 20, 519-523.

Wecker, N.S., Kramer, J.H., Hallam, B.J., & DelisC. (2005). Mental flexibility: Age effects
on switching.Neuropsychology, 19, 345-352.

Wecker, N.S., Kramer, J.H., Wisniewski, A., DelisC., & Kaplan, E. (2000). Age effects on
executive abilityNeuropsychology, 14, 409-414.

West, R.L. (1996). An application of prefrontal s function theory to cognitive aging.
Psychological Bulletin, 120, 272-292.

West, R.L. (2000). In defense of the frontal lolgpdthesis of cognitive agindgournal of the
Inter national Neuropsychological Society, 6, 727-729.

Wimo, A.,& Winblad, B. (2008). Economical aspectslementia. In C. Duyckaerts & I. Litvan
(Eds.)Handbook of Clinical Neurology (volume 89; 3" series). Elsevier. Amsterdam:
137-146.

Yesavage, J., A., Brink, T.L., Rose, T. L., Lum, Buang, V., Adey, M., & Leirer, V.O. (1983).
Development and validation of a geriatric deprassicreening scale: A preliminary
report.Journal of Psychiatric Research, 17, 37-49.

Zelazo, P.D., & Frye, D. (1998). Cognitive comptgxand control ii. The development of

executive function in childhoodmerican Psychological Society, 7, 121-125.

122



