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ABSTRACT

Executive functioning is a multidimensional concept encompassing higher-order
adaptive abilities, such as judgment, decision-making, self-monitoring, planning, and
emotional regulation. Disruption in executive functioning often results in devastati
impairments in vitally-important areas of life, such as one’s ability to hojadeyment
and maintain social relationships.

Executive functions have been associated primarily with the prefrontat.corte
However, the nature and degree of the association between frontal lobe damage and
performance on executive functioning tests remains controversial. Ressggelts that
the association may vary based on the specific location of damage within the prefront
cortex, as well as the used measure of executive functioning. Few investigat®®ns ha
systematically addressed these variables. The current study echffleyesion method
to investigate the relationship between performance on a battery ofiegdanttioning
tests and damage to specific regions of the prefrontal cortex. Tlongesgf participants
with lesions in one of the locations of interest [ventromedial prefrontal (VMPC, n = 14),
dorsolateral prefrontal (DLPC, n = 14), and non-frontal (n = 18)] were administered the
Delis-Kaplan Executive Function System (D-KEFS, 2001), a comprehensiveyluditter
executive functioning tests. Results revealed no statistically-sigmiftifferences
between group performances on the D-KEFS primary measures. However,aigealit
analysis of the results revealed several meaningful group differenaggpetrs that
some relationship exists between frontal lobe damage, particularly in the, Rh8C

decreased performance on several executive functioning tests but fustaache



overcoming the methodological limitations of most existing literature artapic is
needed to clearly resolve this issue.
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CHAPTER ONE

INTRODUCTION

Definition of Executive Functions

Abilities that comprise executive functioning, such as decision-making, judgment
social reasoning and others, have been a subject of interest and debate foscdhturie
seems that the most basic reason for this interest is the desire to undehstaedple
think and behave as they do. The complexity of this question is demonstrated by the fac
that scientists in the present are not only still trying to answer it butilateystg to
define the question. There remains wide variability in the definition of executive
functions as well as theories underlying their mechanisms.

Generally, agreement exists that executive functions are distinctugler
cognitive abilities that are adaptive in nature. Examples of such functions include
judgment, motivation, working memory, initiation and discontinuation of behavior,
cognitive flexibility, decision-making, planning, and personality/affectivetianmg.

These functions are distinct because they cannot be subsumed under any other mental
functions. In fact, executive functions rely on a variety of lower-order, cencret
functions, such as perception and memory. In a recent literature reviewcofiexe
functioning measurement, Alvarez and Emory (2006) defined executive functions as
“higher-level cognitive functions involved in the control and regulation of “lowesHe
cognitive processes and goal-directed, future-oriented behavior” (p. 17). Wile i
suggested that executive functions contribute to lower-level functions by mgposi

higher-order analysis and organization, basic cognitive functions often remain



remarkably unimpaired in the presence of severe impairment in some aspexiubivex
functioning (Tranel et al., 1994).

In their chapter addressing the development of the concept of executive
functioning, Tranel et al. (1994) provided an overview of the descriptions for the term as
well as their own definition based on the overview. They noted that most of the early
knowledge about executive functions came from observations of people and animals who
had sustained an injury to the frontal lobes. These early accounts highlightedsahange
personality, failure to hold information in mind (currently defined as working mgmor
perseveration, and the loss of an “abstract attitude”, which included abstractrrgasoni
initiative, and the ability to adapt to new situations.

More recently, scientists have tried to systematically organize kngevled
available on executive functioning into overarching categories of skills. BorEea,
Lezak et al. (2004) identified four main components: volition, planning, purposive action,
and effective performance. Each of these overarching tasks consists of amtdle
necessary to effectively perform the tasks (Lezak et al., 2004). Among othersss)
Fuster (1989) elaborated on the definition by including concepts of prospectivaynem
and failure to inhibit interference. In addition, Fuster (1989) highlighted affeatiste
personality functioning as an integral feature of executive functioning. $teiloed two
types of common disturbance in this domain: the “apathetic syndrome” exechpiifee
lack of initiative and self-awareness, as well as affective blunting atat islowing; and
the “euphoric syndrome” characterized by excessive activity, disinhibitiomllgoc

inappropriate behavior, and elevated mood.



Tranel at al. (1994) identified four major components that seemed to be most
frequently described and agreed upon in the literature. These components include
planning, decision-making, judgment, and self-perception. Each component subsumes
multiple supporting elements. For example, planning includes being able to identify
appropriate, realistic, and timely courses of action that extend into the futecesidd-
making consists of the ability to accurately appraise the courses of aditimean
consequences and to choose the most advantageous one. Tranel et al. (1994) highlight
the distinct nature of social decision-making, which requires decisions to be omeitie “
spot”, based on a quick “reading” of the situation in terms of both its manifest and
implied meaning” (p. 130). Judgment subsumes the ability to make accuraseresgss
of the situation and underlies the functions of planning and decision-making. Finally,
self-perception is a broad concept encompassing the ability for selfemogjtself-
correction, and the use of external cues to guide behavior. This concept also includes the
broad notion of personality, which describes the general tendencies and cisticsctd
a person by which he or she is known. Personality change can vary in its expression but
is a common feature of executive dysfunction. At the end of the review, Tranel et al.
(1994) noted that while the term “executive functions” is broad and encompasses loosely
connected functions, it has proven to be useful for conceptual and communicative
purposes.

In summary, executive functions are higher-order adaptive functions, relatively
distinct from lower-order cognitive processes. As Chan et al. (2008) pointed out in a
recent review, executive functions can be divided into two general categofoedd”

category, examples of which include the ability to sustain attention, inmeédeéviant



information, problem-solve, and multitask; and a “hot” category, which involves more
emotionally- and socially-based abilities, such as social behavior, emoggnédtron,
level of motivation and energy, as well as decision-making relying on personal
preferences and desires.

Executive functions often operate on an automatic level outside the immediate
awareness. They come to the forefront when dysfunction occurs and the automatic
mechanism allowing for effective execution of these functions fails. Aspieutase
examples have shown, deficits in executive functioning can profoundly affect allcdrea
life, including interpersonal, occupational, financial, and others. It become®apibeat
intact executive functioning is essential for successful performancenplieseveryday
tasks, such as making a meal and running errands, as well as complex planning into the
future and maintaining meaningful relationships with others. The vital importdince
intact executive functioning explains continuing scientific efforts to fuinelerstand
the concept despite the challenges presented by its complexity.

Executive Functions and the Prefrontal Cortex

Prior to expanding the discussion about the association between executive
functions and the frontal lobes, it is important to briefly discuss the anatonicztlise
and subdivision of the frontal lobes. The frontal lobes constitute nearly one-third of the
brain. The most posterior section of the frontal lobes, the precentral gyrubydirec
front of the central sulcus, is the primary motor cortex responsible for batc m
functioning. Anterior to the primary motor cortex are the premotor area and the
supplementary motor area. As a general functional description, theserdazare

associated with learning, planning and precise execution of movement. Given that thes



areas have bidirectional connections to the prefrontal cortex and lesions heredrave b
observed to disrupt motor learning and execution of movements, Tranel et al. (1994)
concluded that “the premotor area is involved in executive functions” (p. 134) but its
exact role still remains to be investigated. The area in front of the premotor and
supplementary motor cortices encompassing the frontal pole is the prefrorgal cbst
Stuss and Benson (1984) noted, this area can be subdivided according to a variety of
principles, including cytoarchitectural layers, connections with othem baraas, and
vascular distributions. However, the most common way of dividing the prefrontal lobes
is by location, resulting in three major areas: superior mesial, dorsglatedtaorbital (or
ventromedial) (Damasio & Anderson, 2003).

Stuss and Benson (1984) asserted that “the importance of the frontal lobes derives
from rich connections, both afferent and efferent, with almost all other ardas of
central nervous system” (p. 4). The following paragraphs will provide brief desnspti
of the anatomical structure and functions of the three main subdivisions of the jtefront
cortex.

The prefrontal superior mesial region is closely related in function to the
previously mentioned supplementary motor area. In fact it is sometimeda@uaisio be
a rostral extention of the supplementary motor area (Afifi & Bergman, 20083. T
region is sometimes referred to as ¢hegulateor limbic cortex due to the underlying
cingulate gyrus (Lezak et al., 2004). The superior mesial region mediatsomibf
behavior based on drives and emotional states. Individuals with lesions in thigemea of
experience a diminution or loss of emotional reactions, which results in low driee stat

and lack of motivation needed to initiate behavior. With severe damage, even life-



sustaining drives for food or drink may be lost. The primary physiological meohahis
such impairment is considered an interruption of the connection between the superior
mesial region with the diencephalon (Lezak et al., 2004).

The dorsolateral prefrontal cortex (DLPC) has reciprocal connections with
multiple cortical and subcortical brain regions, including the parietal agsocsaeas,
superior temporal lobe, the cingulate cortex, basal ganglia, thalamus, andrsuper
colliculus (Kolb and Wishaw, 2003). It is associated with “cold” executive functions
which are targeted by many laboratory-based neuropsychological testf e more
prominent of these functions is “working memory” or the ability to hold information “on-
line” in order to effectively process and organize it. Many abilities (e.qunilg,
reasoning, problem-solving) rely on intact working memory. Thus, an impairment in
working memory is likely to impact a variety of other functions importantdaptve
functioning (Damasio et al., in press).

The prefrontal cortex, and primarily the dorsolateral regions, appear to play an
important role in the allocation and modulation of attention. Research has consistentl
shown that damage to this region results in diminished attention to novel stimuli and
increased vulnerability to distraction and interference (Stuss & Benson, 1984nt Rec
research shows that the right prefrontal cortex may be crucial for titg ahbgustain
attention (Lezak et al., 2004). Another attentional deficit frequent in patiethts wi
dorsolateral prefrontal damage is difficulty shifting attention betwegtubtor concepts,
which results in cognitive inflexibility and perseveration. Perseverbghavior which
consists of abnormal repetition of the same behavior or idea/concept is a common

manifestation of frontal lobe damage (Damasio et al., in press). LeZak2&0#) refer



to functions like working memory and attentional shifting as supramodal or present in a
variety of modalities and participating in practically all mentalvdsds. Thus, it is not
surprising that people with lesions primarily in the dorsolateral prefrontakregay
exhibit deficits in many cognitive domains including memory. However, an anaeieg
memory impairment following prefrontal damage does not result from dysfunctiba of t
memory systems in the brain. Rather, it results from a deficit in exefutiggons

which regulate the effective encoding and retrieval of information. Thus, peibple w
dorsolateral prefrontal lesions may fail to organize new information resuiting i
inefficient encoding and retrieval strategies (Lezak et al., 2004). Prigpeemory
impairment or “remembering to remember” causes some of the most serioipract
problems patient with prefrontal damage face. Their employment, rehailitand

daily self-care may be jeopardized because of their failure to remendeetdavork,
attend appointments, make meals, and bathe.

The ventromedial prefrontal cortex (VMPC) receives input from all sensory
modalities, including olfaction, vision, audition, taste, and somatosensation. laalso h
strong bidirectional connections with the amygdala and the hippocampus via the uncinate
fasciculus. This region projects to the hypothalamus, likely influencing ebahgt
occur in the autonomic nervous system during emotional responses (Kolb & Wishaw,
2003). Projections from the hypothalamus have been more difficult to establish but some
evidence exists for the presence of such projections (Damasio et al., 2010). Othe
projections arising from the orbital region are to the claustrum, subthalagnos, and

the mesencephalon.



The VMPC is associated with “hot” executive functions involving decision-
making, judgment, and conduct based on emotional and social variables. Since
emotional and social components permeate almost all human activities, dantege to t
orbital region can result in devastating consequences in multiple domains of life
Interestingly, people with ventromedial damage often have nearly intattqusgtric
intelligence and perform in the normal range on neuropsychological testscotige
function, phenomenon likely due to the preservation of the dorsolateral prefrontal cortex.
The consequences of ventromedial damage are readily seen in reatlifestances and
present themselves as difficulties in decision-making, maintenanceawdmships with
others, and affective lability, among others.

The concept of executive functioning has historically become strongly connected
to the frontal lobes, and more specifically, to the prefrontal cortex. As Tetakl
(1994) noted, “It is virtually impossible to find a discussion of prefrontal lobe lesions that
does not make reference to disturbances of executive functions, and, in paralle] fashion
there is rarely a discussion of disturbances of executive functions that doekeaot ma
reference to dysfunction of the prefrontal brain regions” (p. 126). In fact, the ter
“frontal” dysfunction and “executive” dysfunction are often used synonymously.
However, Damasio and Anderson (2003) warn against such interchangeable use of the
anatomical and functional terms because it suggests a one-to-one correspandence
does not do justice to the complexity of the relationship.

The association between the frontal lobes and executive functions has been
primarily established based on observations of patients with frontal lobe lesineasf O

the most famous of these patients was Phineas Gage who sustained an injury to the



orbitofrontal cortex when a railroad tamping iron pierced his head. Much of the account
of Phineas Gage'’s recovery after the injury comes from Dr. Harlow (1868¢ <Ga
treating doctor. According to this account, the most remarkable consequence of the
injury was a profound personality change: from a serious, hard-working, guedtexs
member of the community, Phineas Gage turned into an irresponsible, childish, and
inappropriate man, incapable of sustaining a job or relationships with famdilfyiands.
The magnitude of this change is expressed in Dr. Harlow’s famous quote: “Ingduid re
his mind was radically changed, so decidedly that his friends and acquaintaddes sai
was “no longer Gage” (p.340).

The case of Phineas Gage and other patients with prefrontal lesions have shown
that the prefrontal cortices play a critical role in executive functioning$tablishing a
relationship between the functional and anatomical components is complicatacetat s
factors. First of all, executive functions rely on lower-order functions,isdagical to
suppose that a deficit in the lower-order functions, on which executive functions rely
would result in a deficit in executive functions. However, as Tranel et al. (1994)¢ointe
out, this is rarely the case. Therefore, the reliance of the executivefisnch lower-
order functions is not straightforward and involves mechanisms that are not well-
understood at this point. Second, lesion and functional imaging studies generally find
that measurements of components of executive functions (e.g., working memory,
inhibition) are sensitive but not specific to damage to the prefrontal lobes (A&are
Emory, 2006). Imaging studies, for example, demonstrate activation of destribut
networks in the brain during the performance of laboratory-based executive functioning

tests. Alvarez and Emory (2006) noted that this pattern of activation is not surprising
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given the complex nature of executive functioning and the extensive connections between
the prefrontal lobes and other cortical and subcortical regions. Another comglicati
factor in the relationship between the frontal lobes and executive functions is the
variability of outcomes resulting from frontal lobe damage.

Damasio and Anderson (2003) argue against the frequently used notion of the
“frontal lobe syndrome” because the frontal lobes encompass a large dredbcih and
“the locus of a lesion within the frontal lobe is a crucial factor in the profile ofdiméaf
lobe signs” (p. 409). In 1994, Tranel et al. noted the limited information available on the
functions of specific regions within the prefrontal cortex and assertedhieafrénd in
recent years of breaking down into subcomponents both the cognitive operations
subsumed by executive functions... and the neuroanatomical regions to which executive
functions are closely connected... is a very definite step in the right diregbob45%).
While considerable research efforts have been directed at determiningdbiat@sn
between specific regions of the prefrontal cortex and specific cognitiveduscthis
area remains a subject of debate and needs further scientificatasiii One of the
difficulties associated with research on this topic is a practical onesashilienging to
find participants with damage limited to a particular area of the brain. Dherstudies
usually have a small number of participants with varying degrees of damage to t
regions of interest. Consideration of lesion etiology, laterality effentsoaerall
intellectual functioning creates further complications in this typessaech.

As the literature review will demonstrate, research investigakiagutive
functioning deficits following injury to specific regions of the prefrontal @oftas

produced variable and sometimes contradictory findings. While the assignment’of “hot
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executive functions to the VMPC and “cold” executive functions to the DLPC is a useful
general guideline, research shows that it may be a serious over-siatigirfiof the
brain-behavior relationship. Further investigation of executive functioningtdef

following brain injury to specific regions of the prefrontal cortex, as wetb a®n-

frontal regions, is necessary to clarify the existing findings.

Examination of Brain-Behavior Relationships

Two primary methods are used in the examination of brain-behavior relationships:
the lesion method and the functional neuroimaging method. The lesion method uses
participants who have sustained an injury to the brain due to a variety of possibte cause
(e.q., stroke, tumor removal, ruptured aneurism). These lesions are carefully
characterized through structural imaging and neuropsychological proélebtined
from the patients. The lesion method can be used in single-subject, multiple as®le c
studies approach, or in group studies. The lesion method helps to determine brain
functioning without the injured part, which allows inferences about functions that
required the injured part.

The second method of studying cognitive functions is functional neuroimaging.
This method takes advantage of the technological imaging advances allowing fo
visualization of brain activity as it occurs. The most commonly used tools include
functional magnetic resonance imaging (fMRI), which measures the brain’s
hemodynamic response to task demands, and computerized tomography (CT) imaging,
which uses radioactive ligands to track their usage in the brain during spegifitivee
tasks. The subtraction technique is used to compute the difference between wmigin acti

during the control condition and the target condition. One of the advantages of the
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functional imaging method is its ability to show changes in correlates oftis@gni

activities (e.g. hemodynamic response, glucose metabolism) as they happrantdif
regions of the brain. While the method allows to determine which areas of the brain are
involved in a particular task, it does not allow to determine which areas araadsent

the task performance.

Measurement of Executive Functions

Both the lesion and the functional neuroimaging methods require participants to
engage in cognitive tasks of interest. In the case of executive functidresg,tasks
attempt to engage components of executive processes. Examples of such components
include inhibition, cognitive flexibility, working memory, initiation and petsrce of
behavior, among others. For example, the function of decision-making consists of
multiple smaller components that are more amenable to measurement in ta®tgbor
such as the ability to think abstractly, to inhibit irrelevant information, to holdpteult
pieces of information in mind while working with them, to generate appropriate
alternatives, and others. Thus, one task may engage several higher- arafdewer
cognitive functions, complicating the interpretation of defective perforemanc

In the discussion of executive functioning measurement, it is important to
highlight a distinction between adaptive intelligence and psychometritgatele.

Adaptive intelligence refers to the capacity to effectively functiohéwréal world while
psychometric intelligence refers to cognitive skills measured in adtdvgrsetting. The
relationship between the two concepts is complex as clinical experiencesaadch
have shown that high psychometric intelligence and low adaptive intelligenceevastc

in one person (Eslinger & Damasio, 1985). Therefore, such a person could possess the
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intellectual potential for successful adaptive functioning but be unable toiaetilnt
potential in a real-world setting. At the same time, people with lower psychiomet
intelligence can function quite adaptively in the real world. Executive functions
generally represent one’s adaptive capacities that are necessanyifcalswell-being,
and self-directed life style. However, what is often measured on neuropsychblogi
testing are the psychometric functions, thus often resulting in a dissotiatiween real-
life functioning and neuropsychological performance.

An example of the dissociation between psychometric intelligence and eeal-lif
functioning is the case of E.V.R. described by Eslinger and Damasio (1985). At the age
of 35, E.V.R. had undergone a surgery to remove a massive orbitofrontal meningioma,
which resulted in bilateral damage mostly to the ventromedial area, prirmadihe
right. Prior to the development of the tumor and its surgical treatment, E.V.Rnwas a
exemplary employee, father, church member, and a role model for many friends and
family members. After the surgery, however, E.V.R. was unable to return to work as an
accountant or to keep any other job due to unreliable attendance and poor performance.
He demonstrated lapses in judgment and decision-making which resulted in bankruptcy
and eventual financial dependence on other people. His marriage ended soon after the
surgery, and a second marriage, begun within a month after the first divorce,dasted f
two years, demonstrating difficulty in sustaining social relationships follpwE.V.R.’s
case clearly demonstrates a dissociation between psychometric andeaitidpiligence
as E.V.R. performed well on most neuropsychological measures of intelligence and
personality, including executive functioning tests, but was unable to eflgdtvmetion

in the real world
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As the previous case example illustrates, one of the greatest challenges in
studying executive functioning is systematically simulating the compbaptive, and
real-life operation of executive functions in the laboratory. Initiation,dedfztion, and
structuring of behavior in an ambiguous and distracting environment are key al@hent
real-life executive functioning. In the laboratory, these functions do not get an
opportunity to be expressed due to the highly structured nature of most
neuropsychological evaluations where the examiner usually provides cleactinss,
starting and ending points, and limited response options. This disconnection between
real-life and laboratory-based application of executive functions explarfact that
many patients perform normally on executive function tests while having aousbvi
functional impairment. Therefore, laboratory-based tests may failéctréhe real-life
problems a person may be experiencing, presenting a significant lack of ealologi
validity.

Other sources of difficulty in the measurement of executive functionintpare
multifactorial nature of the tests and the reliance on summary indices &miongt
results. For example, the verbal fluency test requires the ability tténgind sustain a
mental search, to monitor one’s search according to the task rules and toit@ehé)it
incorrect responses, and to switch from one item/letter to the next. Howewvethefte
only measure on which the formal result is based is the number of words produced.
Looking at the distribution of word production over the allotted time and at the type of
errors could potentially provide valuable information about the nature of theulliéfsc
the patient may be having (e.g., if the person produced most words within the &est fift

seconds of the task, he or she may be experiencing difficulty with persistent@$ but
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information is often overlooked. Therefore, traditional executive functioning tests oft
fail to isolate important components of the tests that reflect differenttasgfesxecutive
functions.

It is clear that many of the commonly used neuropsychological methods for
assessing executive functioning have disadvantages. However, clinical
neuropsychologists rely on these tools, as well as behavioral observations, to make
inferences about patients’ cognitive abilities in real-world situationsy alse rely on
cognitive patterns known to be associated with particular brain injuries andediséthe
current scientific findings regarding executive functioning and its astsaciwith
damage to certain areas of the brain remain somewhat variable and cantradistthe
previous section illustrated and as will be seen in the following literatuwethe
relationship between the current measures of executive functioning and neuroealat
locations necessary for normal performance has not been well-establisheduaresr
further study.

The current study used the lesion method to test a set of specific predictions
regarding lesion location and executive functions, as measured by a rgla¢wel
instrument, the Delis-Kaplan Executive Function System (D-KEFS; Déislan, &
Kramer, 2001). The D-KEFS consists of nine subtests assessing differerdf&omédd”
executive functioning. Some of the subtests are original and others were denmed f
existing tests. Two of the D-KEFS’ greatest advantages are: it adlonese detailed
analysis of each performance by breaking the tests and scoring methods Il#o sma
components, and it allows direct comparisons between subtests as they were normed on

the same standardization sample. Three groups of patients with lesions antlbfamts
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of the brain (ventromedial prefrontal, dorsolateral prefrontal, and non-frordged) w
administered the D-KEFS, after which their performances were adalyzietect
associations between locations of brain damage and executive test performaase. |
hoped that the investigation would add much needed information about the effects of
ventromedial prefrontal, dorsolateral prefrontal, and non-frontal lesions on igrecut

functioning, as measured by a new comprehensive battery of executive tests.
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CHAPTER TWO
PRELIMINARY INFORMATION AND LITERATURE REVIEW
Prior to reviewing the relevant literature, it is important to provide basic
information about the most commonly-used executive functioning tests. Many of the D-
KEFS subtests are based on these existing tasks and they will be frequesrttbned in
the literature review. The following section will provide a brief overview ohtlost
commonly-used tasks designed to evaluate components of executive functioning.

Wisconsin Card Sorting Test (WCST)

The test requires participants to sort cards according to a particulaplerifecg.,
color, shape) which has to be identified by the participant through response feedback
(“correct” or “incorrect”). Once the principle has been identified, thaqigant is
supposed to apply the principle to ten subsequent sorts, after which the principle changes
and the participant attempts to identify and apply a new principle. Results acegrovi
in terms of the number of sorting categories completed, the number of perseverative
responses, and the number of failures to maintain a cognitive set, among others. WCS
is used to assess abstract reasoning and concept formation, ability to pgohlernased
on external feedback and changing contingencies, as well as mentaltseg.shif

Trail Making Test (TMT), Parts A and B

TMT-A (Army Individual Test Battery, 1944) is a measure of attention, visual
search, and psychomotor speed. It requires the participant to quickly connect ceamsecuti
numbers randomly distributed on a page (e.g., 1, 2, 3). TMT-B involves an added set-
shifting and working memory component where the participant is asked to alternate

between consecutive numbers and letters (e.g., 1-A, 2-B, 3-C). Results abtisst
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times it takes to complete the tasks and provide a measure of sustained attenfbn, vis
search, psychomotor speed, set shifting, and working memory.

Stroop Color-Word Test

The Stroop Color-Word Test presents participants with three conditions: 1.
Speeded reading of names of colors printed in black; 2. Speeded naming of colors
presented as lines or dots; 3. Speeded naming of ink colors printed as names of colors
incongruent with the color of the ink (e.g., word red written in green ink). The resallts ar
obtained from the number of correctly named items within a set time limit. Trde thi
condition of the test measures participants’ ability to inhibit a pre-potent respons
(reading).

Fluency Tests

There are two commonly used variations of fluency tests: verbal and design.
Controlled Oral Word Association Test (COWAT) is a phonemic verbal fluentthts
requires test takers to produce as many words starting with a partattdarak they can.
The test includes three trials, each with a different letter and a 60-saoenidit, as
well as rules prohibiting the inclusion of proper nouns and the same word with a different
ending (e.qg., big, bigger, biggest). Another version of the verbal fluency test isteema
fluency where participants are asked to name as many examples otalgqracategory
(e.q., fruits and vegetables) as they can in 60 seconds. The design fluencyrestis a
verbal variant of the oral fluency test and requires participants to drawngdiffarent
designs as they can under a time limit. Participants are presentedwitbagppiares
containing identically-arranged dots. They have to create different desigch isqeere

by connecting dots with straight lines. Fluency tests measure one’g tabditiciently
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and quickly perform a mental search and produce non-perseverative itenmpht c
with environmentally imposed limitations.
Tower Tests

The Tower of Hanoi test and its variant the Tower of London Test require test
takers to build a target tower out of several pieces, starting from agraded position
and using as few moves as possible, while following several rules. The Tateale
meant to measure planning ability as the participants have to plan their moves tbebuild t
target tower in the most efficient way.

The Delis-Kaplan Executive Function System

The D-KEFS (D-KEFS; Delis, Kaplan, & Kramer, 2001) served as the main
neuropsychological instrument in the current project. It is a relatively new
comprehensive battery for assessing executive functions and their comporrents. T
norming sample consisted of 1,700 children and adults, matched demographically with
the U.S. population and spanning in age from eight to 89. The battery consists of nine
subtests, some of which are new tests and others are modified version of existing
instruments. The D-KEFS includes subtests that are either primaiilgl\aerprimarily
non-verbal, and facilitates comparison between test performances due to a common
norming sample. An examiner can choose to administer the entire instrument, one or
several subtests, or even a component of a subtest. In order to account for gifactee
during re-evaluation, the D-KEFS has alternative forms for three sufiiaatsto be
most susceptible to practice effects: the Sorting Test, the Twenty @hsesest, and the

Verbal Fluency Test.
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The D-KEFS was chosen as the primary cognitive assessment tool bétasse i
several unique features that may give it an advantage over traditionally easdres of
executive functions. As previously mentioned, tests measuring executive funetjons r
on many lower-order fundamental abilities. Therefore, if a participafdrpes poorly
on a particular test, the reason for the poor performance may be unclear undess low
order skills are taken into account. Most traditional executive functioning nesasur
provide a single index of performance (e.g., time to completion or number of cainplete
items), which may miss important aspects of performance. The D-KEFS, rastpnt
allows for the isolation and standardized analysis of fundamental components likely
affecting test performance (e.g., motor speed on the Trail Making Testjabiliteto
isolate lower-level functions on several subtests makes the D-KEFS @ergffi
instrument, especially since many D-KEFS subtests take the same tidmeitoster as
their traditional counterparts.

Another unique feature of the D-KEFS is its integration of cognitive switching,
capture stimuli, and increased processing demands into multiple subtests o order
increase sensitivity to mild executive deficits. Cognitive switchingmsiclered the
hallmark of executive functioning and consists of shifting attention betweerakever
different stimuli in an effective and timely manner. An example of the integrat
cognitive switching into the D-KEFS is the addition of a fourth condition to the Color-
Word Interference subtest. It requires participants to switch betweengtmain
dissonant color of the ink and reading the word. Capture stimuli are environmental
conditions that pull the participant to revert to habitual, stimulus-bound responding. The

ability to disengage from environmentally-driven responses in favor of novelasapti
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responses is a key component of executive functioning. An example of the integfati
capture stimuli can be seen in the D-KEFS Trail Making Test, where subsequentsiumbe
(e.g., 3 and 4) are placed near each other, pulling the test taker to automadivadigt

them instead of following the directions of the test to alternate between numdbers a
letters (e.g., 3-C-4-D). The addition of the cognitive switching and captomalis
components increases processing demands of the tasks. Other examples sftfedture
increase processing demands include the requirement to identify more categdhe
D-KEFS Sorting Test than on traditional measures, such as the Wisconsin Cengl Sort
Test, as well as the provision of a larger area for visual-motor scanniogf(dding

paper) than on the commonly used Trail Making Test.

Finally, the D-KEFS manual (2001) claims that the battery is suitable for
administration to individuals with very mild or severe brain damage due to the wide
range of task difficulty. High ceiling effects were achieved throughiqusly described
methods of increasing processing demands, which makes the test suitable fith use w
highly intelligent participants. On the other hand, easy items were inclodecte¢ase
the range of difficulty and, thus, lower the floor effects. In addition, a carchaumng
task instructions can be displayed for the examinee to refer to throughout thehissk. T
was done for the purpose of reducing the effects of somewhat complicated easkrsr
which are common with executive tests, and to minimize the effects of memory

impairments on performance.
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Description of the D-KEFS Subtests

D-KEFS Trail Making Test

The test was derived from earlier versions of the task (Trail Making Fags A
and B), consisting of two conditions: number sequencing and number-letter switching.
The D-KEFS Trail Making Test added three more conditions to the traditiohal tes
order to isolate basic components of the task. Therefore, the D-KEFS atardvil ests
includes five conditions, with the main executive task being the Number-LettehBwitc
where participants quickly draw lines alternating between numbers ad [ettg., 1-A-
2-B-3-C, etc.). The other four conditions assess visual scanning, motor speed, number
sequencing, and letter sequencing. The main purpose of the Trail Making Test is to
assess cognitive flexibility.

D-KEFS Verbal Fluency Test

Earlier versions of letter (e.g., COWAT) and category fluency testedas
templates for this test. The D-KEFS Verbal Fluency Test has three cosditetter
Fluency, Category Fluency, and Category Switching. In the LettenEYy condition,
participants are asked to say as many words that start with a pargtidacd.g., F, A,
S) as possible over three trials of 60 seconds. The Category Fluency conditiasrequir
participants to say as many words belonging to a particular semaetjooate.g.,
animals, tools) as they can in two trials of 60 seconds. In the final conditionipaautisc
are asked to switch between words belonging to two different semanticresgagmne
trial of 60 seconds (e.g., fruits and furniture). The test requires one to exasmsal
flexibility, avoid perseverative responses, and engage in an effective and quiek ment

search.
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D-KEFS Design Fluency Test

This test is a nonverbal variant of the verbal fluency test. It is based @m earl
versions of the task, such as Design Fluency (Jones-Gotman & Milner, 1977) and others.
The D-KEFS Design Fluency Test consists of three conditions. In thedingition
(Filled Dots), the examinee is presented with a page that has rows of boxasewith f
asymmetrically-placed filled dots in each box. The goal is to create gsdesigns as
possible by connecting the dots with four lines. In the second condition (Empty Dots),
the boxes have ten dots, five filled and five empty. The examinee is asked to make
designs using four lines by connecting only the empty dots. In the final condition
(Switching), same boxes as in the Empty Dots condition are presented and the
examinee’s task is to make designs, using four lines, alternating betWiestarid empty
dots. Each condition has a time limit of 60 seconds. The first condition assesses design
fluency, the second condition — design fluency and inhibition, and the third condition —
design fluency, cognitive flexibility, and inhibition.

D-KEFS Color-Word Interference Test

The test was adapted from the original and frequently used Stroop Color-Word
Interference Test. The main differences between the Stroop Test and teekdlor-
Word Interference Test are the lack of the 45 second time limit and the addition of a
fourth condition which requires both inhibition and cognitive switching. The test consists
of four conditions: Naming of color patches; Reading of color names printed in black ink;
Naming ink colors of words depicting color names that are incongruent with the ink

color; Switching between naming ink colors and reading incongruent words. The test
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measures the ability to inhibit a more automatic response (reading) in favor of a nove
conflicting response.
D-KEFS Sorting Test

This test was also adapted from the previous versions of the task, with the
California Card Sorting Test (Delis et al., 1992) being the most recent tothéers
from the frequently used Wisconsin Card Sorting Test in several ways; itiies both
verbal and perceptual stimuli allowing the test taker to sort accordingttal aerd
nonverbal strategies. Second, it has sixteen sorting principles while the WES8iihyha
three. Third, it allows for spontaneous sorting initiated by the examined¢racuied
sorting initiated by the examiner. In addition, the task provides multiple process
measures for in depth analysis of performance. The D-KEFS Sorting Taskohas t
conditions: Free Sorting and Sort Recognition. In the Free Sorting conditiaoipaautis
spontaneously sort six cards with verbal and nonverbal stimuli into as many estegori
possible (maximum of eight, three verbal and five nonverbal) and describe thag sort
principles. In the Sort Recognition condition, the examiner sorts the same cards
according to the eight possible principles while the examinee is asked tibel¢iser
sorting rules used by the examiner. The descriptions are evaluated fomesseand
guality to assess the reasoning processes.

D-KEFS Twenty Questions Test

The task originated from a popular game and was subsequently adapted into a
neuropsychological measure in the 1960’s. In the D-KEFS version of the test, esamine
are presented with a page depicting 30 common objects. The objects are subsumed under

categories (e.g., living things) and subcategories (e.g., animals). The goiaentify
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the target object by asking as few yes/no questions as possible. Therefaresth
effective strategy is to ask questions that eliminate a large number of @jentse (e.g.,
“Is it a living thing?”) as opposed to concrete questions targeting one objectigeiiga
fish?”). The task requires the examinees to identify the categories aticbors® come
up with the most effective and efficient yes/no questions. It also alloveséssathe
participant’s initial level of abstraction by calculating how many objeet® eliminated
with the first question of each trial.
D-KEFS Word Context Test

The test was adapted from an earlier version created by Edith Kaplan in the
1940's. It requires participants to deduce the meaning of an unfamiliar word based on
five clue sentences that provide some information about the meaning. The cloeesente
are presented one at a time and contain progressively more detailed informagon. T
task is to correctly guess the meaning of the word using as few clurcsnées possible.
Executive abilities tapped by this verbally-based task include reasoniisg rsiantal
flexibility, and the ability to integrate multiple pieces of information terfa
hypothesis.

D-KEFS Tower Test

The test is a modified version of the popular existing tower tasks, such as the
Tower of Hanoi and the Tower of London. The modifications were made in order to
improve the psychometric properties of the task. For example, floor and ceféiots ef
were minimized by including nine items ranging in difficulty from easyoe difficult.
The test materials include five discs of different sizes and three Veoiiisa The

examiner places two to five discs on the rods in a particular starting position plagslis
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a picture of the target condition. The examinee’s task is to reach thecamgéton by
moving disks as few times as possible. The number of moves necessary to reach the
target condition varies from one to 26. The examinee has to follow two rules: moving
only one disk at a time and never placing a larger disk on top of a smaller disk. The
Tower test examines spatial planning, problem-solving, inhibition of impulsive and
perseverative responses, and the ability to learn and follow environmental rules.
D-KEFS Proverb Test

The first version of the proverb test was developed in the 1950’s as a measure of
verbal abstraction, and the most recent version of it is the California Provérbrhes
D-KEFS Proverb Test is a modification of the existing instruments and obmght
common and uncommon proverbs presented in two conditions: Free Inquiry and Multiple
Choice. In the Free Inquiry condition, participants are asked to orally intdrpret
presented proverbs, one at a time, starting with the more familiar ones. Theetaten
is rated based on accuracy and level of abstraction. In the Multiple Choiceagriie
same eight proverbs are presented with four multiple choice interpretatunding a
correct abstract, correct concrete, incorrect but phonemically similameomect
unrelated. The examinee is asked to choose the best option. As previously mentioned,
this test assesses verbal abstraction.

Literature Review Organization

The literature review will provide a summary of the current researchobinogéa
the D-KEFS subtests, as well as tests from which the subtests werel derorees
measuring similar constructs. The reason for the inclusion of measured teléie D-

KEFS subtests in the review is that the D-KEFS is a relatively new insituamd has
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not yet accumulated as extensive of a literature as some of the olderesedduz
review is organized in sections corresponding to the D-KEFS subtests. Eawmh w@tti
review evidence from lesion and functional imaging studies pertaining to thizbical
of executive functions using the D-KEFS and related measures.

D-KEFS Trail Making Test

Three studies using the D-KEFS Trail Making Test in patients with freotial |
damage were found. Yochim et al. (2007) examined set shifting in twelve patights (e
men and four women) with focal lesions to the lateral prefrontal cortex (fiveaigl
seven left). They found significant differences in completion time betwedrotital
lesion patients and healthy comparisons on three of the five conditions: Motor Speed,
Letter Sequencing, and Number-Letter Switching. The difference betveeeal f
patients and controls on the Number-Letter Switching condition remained sghific
after controlling for the effects of motor speed and letter sequencinggtingi¢that set-
shifting in particular presented a challenge for these patients. In addat@ntp with
frontal lobe lesions made significantly more set-shifting and sequencorg en the
Number-Letter Switching condition than controls.

McDonald et al. (2005) used the D-KEFS Trail Making Test to study seifaghift
in patients with frontal or temporal lobe epilepsy. Twenty three patiertidnarital lobe
epilepsy participated in the study, fifteen of whom had identifiable strlidégrans
(seven right, seven left and one bilateral). All twenty temporal lobe epitepents had
evidence of mesial temporal sclerosis. Results showed that the frontasggteup
was significantly slower on the Number-Letter Switching condition than theatexin

epilepsy group and healthy controls. Using nonparametric methods due to positively
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skewed distribution, the analysis of set-loss errors showed that the frorépkgmtoup
committed more set-loss errors than the temporal epilepsy group and healtbiscont
The final study (Cato et al., 2004) was a case study of a man (C.D.) with a
bilateral ventromedial prefrontal lesion (mostly on the left). C.D. sustanaelor&in
injury at the age of 26 as a result of a military motor vehicle accident avhreztal rail
crushed his forehead. While his psychometric intelligence remained normahafte
injury (Wechsler Adult Intelligence Scale-11l1 [WAIS-III]: Full &t 1Q [FSIQ] = 113,
Verbal IQ [VIQ] = 119, Performance IQ [PIQ] = 103, Processing Speed Index,31l1)
experienced a significant decline in the psychosocial/occupational realmsubealrig
to keep consistent employment or to sustain social relationships. This pattern of
impairment is consistent with previous reports of patients with damage to the
ventromedial prefrontal cortex (e.g., Phineas Gage and E.V.R.). While these
psychosocial/personality changes are evident in real life, they aneuoitietected by
common neuropsychological measures. The authors of the case study undertook a
careful neuropsychological evaluation of C.D.’s cognitive functioning, which included
several subtests from the D-KEFS. The authors found that if only the traditionabinde
time to completion was used to evaluate C.D.’s performance on the Number-Letter
Switching condition, the result would fall in the above average range (84tmple)ce
However, he committed five errors during this condition: three set-loss érommsecting
two numbers or two letters instead of alternating between numbers and &tteta)o
sequencing errors (connecting the wrong number or letter while preserving the
alternation). Since the D-KEFS allows for a statistical analysizof etes, C.D.’s

cumulative error rate was at the sixteenth percentile (fifth peredatiket-loss errors
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and nineteenth - for sequencing errors). The authors concluded that C.D’s aed®rm
on the set-shifting condition was indicative of a significant speed-accureatBoff
where the task was performed quickly but inaccurately.
Other Trail Making Tests: Lesion and Functional Imaging Studies

Since the Trail Making Test involves speeded visual scanning, as well as
cognitive shifting, it is considered to be sensitive to brain damage in geneisd €5al.,
2001). However, Part B (letter-number switching) draws on skills that arelecei
executive functions, such as set shifting and activity monitoring. Theretorsiderable
research has been devoted to investigate the role of the frontal lobes inltMaKirag
Test, Part B, performance. For example, Tranel et al. (1994) described ses®ts pati
with focal frontal lobe lesions, six of whom performed normally on TMT Parts A and B.
The authors noted that six of the patients had real-life executive impairragnis (
inability to return to work, impairment in decision-making, lack of initiative) blo “t
TMT provided limited opportunity for expression of the higher level defects so ewdent
these patients’ daily behavior” (p. 137). On the other hand, Stuss et al. (2001) found that
patients with frontal lesions were generally slower on the TMT than pati@éhtaon-
frontal lesions and healthy controls. Moreover, all of the patients who committed more
than one error on TMT, Part B, had frontal lesions.

Regarding lateralization effects and more specific localizatidmeitotain, Stuss
et al. (2001) found that patients with left frontal lesions were the slowest orskhartd
that patients with dorsolateral frontal lesions committed the most mistakédbrPart
B. Patients with inferior frontal lesions (ventromedial) were the |legsdined on both

parts of the test. Gouveia et al. (2007) confirmed Stuss et al.’s (2001) conclusions, as
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their patients with left frontal lesions performed significantly sloared committed
significantly more errors than patients with right frontal lesions andhyeedntrols.

Davidson et al. (2008), on the other hand, found that patients with right frontal lesions
were significantly slower and made more errors than normal controls. Withiiglle

frontal damage group, no regional specificity was noted. A study by Zledostsl.

(2007) challenged Stuss et al.’s (2001) findings about the ventromedial prefrontal region
lesions resulting in no/minimal impairment on TMT. They found that patients witt: rig
and left-sided resections of the gyrus rectus (ventromedial) were cagntiyi slower on

the test compared to frontal lesion patients without gyrus rectus resestmhgalthy
controls.

The majority of functional neuroimaging studies of the TMT have employed a
verbal variant of the test. For example, Moll et al. (2002) used fMRI to explore brain
activation during verbal TMT in seven healthy participants. Results revegiaficant
activations primarily in the left hemisphere and, more specifically, in thédesolateral
prefrontal cortex, supplementary motor/cingulate sulcus, inferior framtals middle
frontal gyrus, and intraparietal sulcus. Zakzanis et al. (2005) employed raetead of
TMT functional imaging called “virtual stylus”, which approximates the papek-pencil
task better than the verbal version of the test. The study revealed pritmnayic@ats in
the left dorsolateral and medial frontal areas during TMT, Part B, comparadioPart
A, providing further evidence for the involvement of dorsolateral and medial frontal

regions, especially on the left, during TMT performance.
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D-KEFS Verbal Fluency Test

Two studies used the D-KEFS Verbal Fluency Test. Baldo et al. (2001)
investigated the performance of eleven patients with focal frontal lob@sesiothe D-
KEFS Verbal and Design Fluency Tests. They found that patients with letlfront
lesions were significantly more impaired on the verbal fluency task than patiitint
right-sided lesions and healthy controls. However, patients with frontaldsioms were
not disproportionately impaired on the Switching condition compared to healthy controls.
Error rates were too low in both groups to merit statistical analysis.

Cato et al. (2004) administered the D-KEFS Verbal Fluency Test to a patient
(C.D.) with a bilateral (mostly left) ventromedial lesion. C.D. performed intbeage
range on all conditions of the test (Letter Fluency, Category Fluency, atahifg).
However, his performance on the Category Fluency condition was significandy |
than on the Letter Fluency, with the contrast between the two falling in the ninth
percentile.

Other Verbal Fluency Tests: Lesion and Functional Imaging Studies

Verbal fluency tasks are a common tool for assessing executive and lfsbetal
functioning. Consequently, there has been a large number of studies examining
performance on such tasks in patients with frontal and non-frontal lesions. As with othe
executive functioning tests, some controversy exists about the sensitivityemiitgy
of verbal fluency tasks to frontal lobe damage. Starting with findings by Bel@68)
and Perret (1974), poor phonemic fluency performance has been associateonath fr
lesions, and, more specifically, with left frontal and bifrontal lesions. Hayeaweerbal

fluency impairment may also result from right frontal damage (Davidsdn 2088).
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Davidson et al. (2008) did not find that patients with dorsolateral prefrontal damage were
more impaired on a verbal fluency task than patients with damage to other pfefront
areas. The finding that phonemic fluency tasks are sensitive to frontal lobgelbhas
been supported by multiple studies (Baldo & Shimamura, 1998; Baddeley et al., 1997;
Gouveia et al., 2007; Shamay-Tsoory et al., 2004). However, other studies have shown
poor phonemic fluency performance in patients with non-frontal lesions (e.gglorin
Meador, & Lee, 1994), calling into question the test’s specificity to frontaldabsage.

There have been two meta-analyses of verbal fluency tasks in patients @aith foc
lesions (Henry & Crawford, 2004; Alvarez & Emory, 2006). Both reviews came to the
conclusion that phonemic fluency tasks are sensitive to frontal lobe damage. Moreover,
both noted that the task is not only more sensitive to frontal dysfunction than non-frontal,
but it is generally more sensitive to left-sided damage. Therefore, thstlangairment
on the task is most likely to follow left sided lesions in general, and, more commdinly, le
frontal lesions.

Henry and Crawford (2004) also provided a systematic review of findings
regarding semantic fluency. They found that semantic fluency was asveetasitontal
lobe damage as phonemic fluency. However, the authors also concluded that semantic
fluency tasks are more sensitive to left temporal lobe damage than to ledt damage
because patients with temporal lobe damage were more impaired on theoseskaqcl
significant) and performed more poorly on it than on the phonemic fluency task.

Of note is a study by Baddeley et al. (1997) which investigated the sensifivity
three tasks, including phonemic fluency, to dysexecutive patterns of esbehfwvior in

patients with frontal lobe lesions. The sample included 24 patients with frontal lobe
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lesions, twelve of whom were identified as “dysexecutive” and twelve — as “non

dysexecutive”. Both verbal fluency and WCST were unable to differentiatedrethe

two groups. The only measure that differentiated the two groups was a Dkal-Tas

paradigm where cognitive demands were increased by asking patientotonpgerd

tasks simultaneously. This study is of interest because several of th&®dBtests

have added cognitive demands and thus have the potential to detect differences between

patients with real-life impairments and without. Preliminary support fopthtisntial is

provided in the Cato et al. (2004) case study where only tasks with increased pgocessin

demands detected cognitive deficits in a patient with ventromedial prefrontagdam
Ravknilde et al. (2002) examined brain activation during a phonemic fluency task

using positron emission tomography (PET). They found increased activation in multiple

frontal and non-frontal regions. However, the primary activations were infthe le

supplementary motor cortex, the dorsolateral prefrontal cortex, left andrighor

frontal cortex, left and mid-anterior cingulate gyrus, as well as leftofirontal cortex.

These findings are consistent with a meta-analysis of functional ighagidies of

phonemic fluency performed by Alvarez and Emory (2006). They also pointed out that

the phonemic fluency task is consistently associated with increased aantivafiiontal

areas, such as the left dorsolateral prefrontal cortex, left inferiaafrgyrus, and

anterior cingulate. However, they also noted that other areas of the brdsoare a

activated during the task, which is not surprising given the complex nature ofklamtas

its reliance on more basic and distributed functions.
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D-KEFS Design Fluency Test

Four articles using the D-KEFS Design Fluency Test to evaluate itd neura
correlates were found. Baldo et al. (2001) reported the performances of eleves patient
(four females and seven males) with focal frontal lobe lesions (sixieftiae right) on
the D-KEFS Design Fluency Test. The results showed that, overall, fronbal lesi
patients were impaired on the design fluency task compared to normal controls, and,
contrary to the authors’ expectations, there was no significant differetveednepatients
with right frontal or left frontal lesions. Although frontal lesion patientsmoatted more
errors numerically on the Switching condition, their error rate was not dispropdtiona
higher than that of normal controls.

Cato et al. (2004) described the performance of a patient with a bilaterdly(mos
left) ventromedial lesion on the D-KEFS Design Fluency Test. The patientped
well on the first two conditions of the test which do not heavily rely on set shifting.
However, he was moderately-severely impaired on the Switching conditiony rhost!
to constructing incorrect designs (Scaled Score = three) and committingsserrors
(Scaled Score = seven). Interestingly, his number of attempted designseveagea
demonstrating again the speed/accuracy tradeoff seen in the D-KEFBIdkiaug Test
(Number-Letter Switching condition).

Another study examined the relationship between set shifting, as meagtined b
D-KEFS Design Fluency Test, and lobar volumes, as measured by magsatanee
imaging (MRI), in 101 subjects (36 healthy controls, sixteen patients with probable
Alzheimer’s Disease, 30 patients with Frontotemporal Dementia, and mrpetgents

with Semantic Dementia) (Kramer et al., 2007). Results indicated that drayndefight
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frontal lobe volumes were significantly correlated with the ability ta seils. The
results remained significant after controlling for performance on tine Mental State
Examination (MMSE) and working memory, assessed by the Digit Span Backward
condition of the WAIS-III.

The final study (McDonald et al., 2005) investigated design fluency perfoemanc
of patients with frontal-lobe epilepsy (FLE), temporal-lobe epilepsy (Tai) normal
controls. In general, they found that participants with FLE performed sigmiffcnore
poorly than the two other groups only in the Switching condition of the D-KEFS Design
Fluency subtest. When considering the laterality of the effect, the authors haiiod iy
participants with left-sided lesions visible on neuroimaging, generatedicagtly fewer
designs than controls in the Switching condition.

Other Design Fluency Tasks: Lesion and Functional Imaging Studies

Limited research investigating design fluency after frontal lobe damags.ex
Jones-Gotman and Milner (1977) found that patients with right frontal damage had the
most severe deficits in design fluency compared to patients with left feordaight
temporal damage. Boone et al. (1999) investigated design fluency perfoimateeen
patients with primarily right-sided frontotemporal dementia (FTD) wighren patients
with left-sided FTD. They found that patients with right FTD performed sogmitly
more poorly than patients with left FTD on the design fluency task, supporting the right-
hemisphere dominance for this task. A regional cerebral blood flow study (Elfgren &
Risberg, 1998) found significant increase in blood flow in both frontal lobes during a

design fluency task.
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D-KEFS Color-Word Interference Test

Cato et al. (2004) utilized the D-KEFS Color-Word Interference Test tssasse
inhibition and mental flexibility in a previously mentioned patient (C.D.) with adyit
ventromedial lesion. They found that C.D. performed normally on all four conditions of
the test if performance was quantified according to the traditional measiare to
completion. However, on the fourth condition, which combined inhibition and cognitive
switching, C.D. committed eleven errors (eight uncorrected and threeseitted),
putting him at the first percentile in his age group. Interestinglyr eate was normal
for the condition which included only inhibition, demonstrating that a more demanding
task was necessary to detect a cognitive deficit.

McDonald et al. (2005) also used the D-KEFS Color-Word Interference Test to
study response inhibition and set shifting in patients with frontal and temporglsgpile
There were 23 patients with frontal lobe epilepsy (thirteen females and re®,ma
fifteen of whom had lesions confirmed by structural imaging (seven sghen left, and
one bilateral). The temporal lobe epilepsy group consisted of 20 participamtsaegial
temporal sclerosis. The researchers found that patients with frontal |tdpEsgpiere
significantly slower on all four conditions of the test than healthy controls, buditiey
not differ significantly from patients with temporal lobe epilepsy. When tleetsfbf
lesion side were considered, the left frontal epilepsy group performeficsigtly worse
than right frontal, left temporal, and right temporal patient groups. Interestinghe
Inhibition/Switching condition, the left frontal and left temporal groups were both
significantly impaired compared to right-sided groups.

Other Color-Word Interference Tests: Lesion and Functional ImagudiesSt
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Considerably more research has been done on the Stroop Color-Word Interference
Test than on its D-KEFS counterpart. However, results have not been consistent wi
regard to sensitivity to frontal lobe damage and localization of functionstexthy the
task (e.g. inhibition). In 1994, Tranel et al. pointed out that, starting with eadgneh
by Perret in 1974, the interference effect was associated with left fdamelge, but
concluded that evidence about the relationship between the Stroop Test and frontal lobes
was not conclusive at that time. In a recent meta-analysis, Alvarez ang 2006)
concluded that the Stroop test was not highly sensitive to frontal lobe damage, and
significantly less sensitive than the WCST and phonemic fluency tests.

Research has also been in disagreement regarding laterality efecesxample,
Vendrell et al. (1995) found that patients with right lateral prefrontal lsperformed
more poorly than patients with other prefrontal lesions and healthy controls. Tlyis stud
was notable for separating reaction time and errors, which are usualytmmoal in the
standard administration (errors are corrected during the task, thus ingréeestotal
reaction time). The authors concluded that reaction time and errors must berednside
separately, as their results showed that increased errors but not readiomsmiearly
associated with right lateral prefrontal lesions. Other studies have glscaited right
hemisphere importance in the Stroop effect but in a different location. Zlatowadka et
(2007), for example, found that patients with right gyrus rectus resection in thel medi
orbitofrontal cortex performed more poorly on the test than patients with lef ggctus
resection, patients without gyrus rectus resection, and healthy controls. tAton e
(2004) reviewed functional imaging and animal and human lesion studies in thaptatte

to localize the function of inhibition. They concluded that the right inferior frontagxort
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is the most crucial brain structure supporting inhibition. This conclusion coincittes wi
Vendrell et al. (1995) finding, implicating right ventrolateral prefrontatex in
inhibition.

However, several studies have supported the left-sided localization of the Stroop
effect. Stuss et al. (2001) found the patients with left frontal lesions perforoves €in
all three conditions of the test than patients with right frontal and non-frontal lesrahs
healthy controls. Alexander et al. (2007) administered a Stroop-like test taefZgat
with frontal lesions. They found different regions in the frontal cortex performing
different inhibitory functions. Lesions in the left ventrolateral region reduit a
significantly greater number of incorrect responses to distractor stiwhile lesions to
the right superior medial region (anterior cingulate, supplementary mo&mpaee
supplementary motor area, and the dorsolateral area) resulted in slowenriaeiand
decreased number of correct responses to target stimuli. In a metasaofalys Stroop
Test, Alvarez and Emory (2006) concluded that performance on the test tends to be
consistently impaired after medial and lateral frontal lesions. ltaappeat the question
about lateralization remains open at this time.

Functional imaging studies consistently show strong activation of the anterior
cingulate during the Stroop Test (Ravkilde et al., 2002; Alvarez & Emory, 2006). More
specifically, in a PET activation study, Ravkilde et al. (2002) found primanyaéicins
in the left anterior cingulate gyrus and left supplementary motor corte)e adtivation
of the prefrontal cortex was much weaker. Other regions consistentlytedtdw@ing
the task include the middle frontal gyrus (e.g., Leung et al., 2000), motor areas, and othe

distributed non-frontal areas (Alvarez & Emory, 2006).



39

D-KEFS Sorting Test

Only one lesion study using the D-KEFS Sorting Test was found (Cato et al.,
2004). ltis a detailed case study examining the neuropsychological perterofaa
man (C.D.) with a bilateral (mostly left) ventromedial prefrontal lesiofd’<ability to
sort cards and describe sorting principles was normal in the Free Sort and Sort
Recognition conditions. However, in the Sort Recognition condition, C.D. produced a
significantly elevated number of incorrect sorting descriptions, whichtegisul a
deficient performance on that part of the test. The authors noted that C.D.’s sistake
often consisted of describing a grouping principle for only two cards in a thieke-car
category, which, in their opinion, likely reflected a loss of set.

Other Sorting Tasks: Lesion and Functional Imaging Studies

The D-KEFS Sorting Test was derived from the California Card Sortisg Te
(CCST) (Delis et al., 1989), and, therefore, the two tests are similar. The Spontaneous
Sorting and Structured Sorting conditions of the CCST are similar to the Freen8ort
Sort Recognition conditions of the D-KEFS. The CCST has a third condition, Cued
Sorting, where the participant is asked to sort cards according to abstractreteconc
clues about sorting rules provided by the examiner. Delis et al. (1992) examined the
performance of patients with frontal lobe damage and amnestic patients ddSfie C
For the frontal lobe patients, their sample consisted of four men and four women with
confirmed lesions in the frontal lobes. Five patients had unilateral lesions ftande
three right) and three-bilateral. The frontal lobe patients’ performaasesignificantly
worse than that of amnestic patients on all three conditions of the test. They were

impaired in generating correct sorts, describing sorting rules, idegtigrting rules
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used by the examiner, and using clues about sorting rules to perform asousatel he
only index on which frontal lobe patients performed normally was the number of
attempted sorts.

Dimitrov et al. (1999) used the CCST to evaluate concept formation and concept
shifting in seventeen patients with frontal lobe lesions and eight patients wkithdéa's
disease. All patients with frontal lobe lesions were male, six of whom had ddilater
lesions and ten-unilateral (two left and eight right). Similarly to Deléed.€1992), they
found that the frontal lesion patients performed significantly more poorly thamtgatie
with Parkinson’s disease on all three conditions of the California Card Sorting Tes
(CCST): Spontaneous Sorting, Structured Sorting, and Cued Sorting. More slibgcifica
during the Spontaneous Sorting condition, frontal lesion patients attempted siggificant
fewer sorts, particularly sorts based on spatial features. Significawky of the
attempted sorts and rule descriptions were correct, and the number of perseeeraits
was significantly higher. In the Structured Sorting condition, participaititsfrontal
lesions produced significantly fewer verbal rule explanations, while on the CuatySort
condition, they were less able to benefit from abstract cues than normal coNiwols
effects of lateralization were found but authors cautioned against making firm
conclusions on this topic since their left-sided lesion group consisted of only two people.

The Wisconsin Card Sorting Test (WCST) is the most common sorting test used
by clinical neuropsychologists to assess executive functioning (Alvarend&)E 2006).
Contradictory evidence exists about whether it is sensitive and specifntal fiobe
damage. Some studies found that the test does not differentiate between patients wi

frontal and non-frontal lesions (Anderson et al., 1991; Shamay-Tsoory et al., 2004) while
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others found significant differences in performance between the two grdups €bal.,
2001; Goldstein et al., 2004). In a recent meta-analysis, Alvarez and Emory (2006)
concluded that the WCST was sensitive but not specific to frontal lobe damage.
However, based on effect size calculations, the test proved more sensitive tddbenta
damage than verbal fluency or Stroop Color-Word Interference Test. Etaale(1994)
concluded that the number of perseverative errors was the most consistent detector of
frontal lobe dysfunction. This conclusion was supported by a meta-analysisiakide
(2003) who found that both perseverative errors (but not non-perseverative errors) and
the number of completed categories were reliable indicators of frontadléobage.
Barcelo (2002), however, found that patients with left lateral prefrontal lesions
committed significantly more random and perseverative errors thanyheaittrols.
Regarding lateralization effects, Demakis (2003) concluded that the gitke of
lesion did not matter in WCST performance, although there have been studies showing
significantly more perseverative errors and fewer completed cagsgompatients with
left frontal lesions (Goldstein et al., 2004), as well as studies showing noizaisval
effects (Gouveia et al., 2007). Davidson et al. (2008) investigated WCST perferimanc
20 patients with right frontal lesions. They found only a marginally signifidéference
compared to normal comparisons. As far as lesion location effects, Demakis (2003)
found that lesions in the dorsolateral prefrontal cortex were most stronglyaésdadith
poor performance. This conclusion is consistent with the majority of lesion studies
investigating the issue. For example, Stuss et al. (2000) found that right dorkdédtera
dorsolateral, and superior medial frontal lesion groups achieved signifitandy

categories than patients with non-frontal lesions and healthy controls. Tagtbops
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also made significantly more perseverative errors than healthy contetlent® with
inferior medial lesions were least impaired in their performance.

Functional imaging studies have generally supported the involvement of the
frontal lobes in the WCST performance. Specifically, several studies foundltiact in
the dorsolateral prefrontal area (Kawasaki et al., 1993; Parellada et 8). ab@an the
ventromedial prefrontal cortex (e.g. Mentzel et al., 1998). However, as Alvarez and
Emory (2006) pointed out, the task draws on multiple levels of skills and, therefore,
creates distributed activations throughout the brain.

D-KEFS Twenty Questions Test

One study using the D-KEFS Twenty Questions Test was found (Baldo et al.,
2004). It included twelve participants (four females and eight males) wahléstons
to the prefrontal cortex (six left, five right, and one bilateral). Resuleates that
frontal lobe patients asked significantly more questions to identify thet alogect than
healthy controls. In fact, five of the twelve patients exceeded thedir@ld questions on
one or more of the four trials. The poor performance was not due to perseveration or set-
loss errors but to the tendency of patients to ask concrete questions, thusiatnoimist
one option at a time. Due to small sample sizes, statistical analysisuatevaterality
effects was not performed, but, numerically, the left lesion group on average asked mor
single-item questions than the right lesion group. No other associations between
performance and lesion location or size were found. Authors noted that poor
performance on the Twenty Questions Test was not related to impairmentsah ver
fluency, learning, or retrieval. However, it was strongly correlated witloqpeance on

the D-KEFS Sorting Test. The authors concluded that the prefrontal cortex isanipor
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for “on-line organization and conceptualization of category exemplars in cencept
formation tasks” (p. 407).
The study by Cato et al. (2004) also used the D-KEFS Twenty Questions Test in

their evaluation of a patient with a bilateral ventromedial lesion. Althoughuthera
did not specifically comment on the patient’s performance on this test, an included tabl
indicated that his overall performance was average.

Other Measures Similar to the Twenty Questions Test: Lesion and é¢naddtnaging

Studies
Upton and Thompson (1999) used the Twenty Questions Test in patients with

frontal and temporal epilepsy to determine whether the test is relatedtal fobe
functioning. The Twenty Questions Test served as a model for the D-KEFS Twenty
Questions Test and, therefore, the two tests are very similar. However, insiet pre
study, an open version of the test was used, which means that the participant was not
presented with response options, as in the D-KEFS test, but is verbally givegaaycate
(e.g. animals) to which the target object belongs. Participants includedd&@gpaitith
frontal lobe epilepsy (42 left frontal, 32 right frontal, and fourteen bifrontal), 73 of whom
had a lesion identifiable by MRI. The frontal group was further divided into eamall
groups (dorsolateral, mesial, orbitofrontal, motor/premotor, and extensivg).s&ren
patients had temporal lobe epilepsy (31 left and 26 right) and 28 healthy parsicipant
served as controls. Results indicated that the bifrontal and left frontal gskgas a
significantly more questions to obtain the correct answer than the right fnodta
healthy control groups. In addition, the orbitofrontal group was significanggined on

the first guess measure, meaning that these patients asked sigyifeaat questions
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than other groups before making their first guess. The authors concluded suchga findi
to be consistent with literature implicating impulsivity as one of the matarsaof
orbitofrontal damage. It is important to note that conclusions about localization shoul
be made cautiously when they are based on patients with seizures becaumeathefr
the brain may be damaged by the spreading nature of the seizures.
D-KEFS Word Context Test

One study that used the D-KEFS Word Context Test to study inferentidy abili
patients with focal frontal lobe lesions was found. Keil et al. (2005) administereest
to twelve patients (eight male and four female) with prefrontal lesiousr(seith left
hemisphere lesions and five — with right). Lesions were located in the latdrahfak
cortex for ten patients and in the ventral prefrontal region for the remaining temotalF
lobe patients compared to healthy controls demonstrated an impairment ingntieer
meaning of made-up words within the context of one sentence, as well as multiple
sentences. The authors concluded that patients with frontal lobe lesions had stgnifica
difficulty with updating and integrating information. Patients with both rightt left-
sided lesions were significantly impaired on the test compared to controls. Hpweve
effect sizes revealed a more significant impairment with left-sidedgamThe study
demonstrated the importance of the prefrontal cortex, especially on the leftefential
language processing, although it did not allow conclusions about the specifitig/tebt
for frontal damage due to the lack of a non-frontal control group.

Other Word-Context Tests: Lesion and Functional Imaging Studies
Research on the Word Context test is limited. The only study related to the

localization of semantic context processing used magnetic evoked respahdasalthy
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subjects (Shtyrov, & Friedemann, 2007). The strongest responses were found in the lef
superior temporal lobe and the left inferior frontal lobe, with the superior tempora
response preceding the frontal by several milliseconds.
D-KEFS Tower Test

Cato et al. (2004) administered the D-KEFS Tower Test to a previously
mentioned patient (C.D) with a bilateral ventromedial lesion (mostly [&fie authors
did not specifically discuss C.D.’s performance on this test but his overalaainent
score was in the 35percentile (Scaled Score = eight). While the score is in the low-
average/average range, it is slightly lower than expected, given C.0Ds(BS!
percentile) and PIQ (88percentile).

In a recent article, Yochim et. al. (2008), administered the D-KEFS Towetoles
twelve patients (nine men and three women) with focal lateral prefrontahse@ight
left hemisphere lesions, and four — right) and twelve healthy controls matched,for age
education, and socioeconomic background. Results showed that patients with PFC
lesions completed significantly fewer towers and obtained a signifidamigr total
achievement score than healthy controls. In addition, PFC patients had aasgjgific
higher time-per-move ratio and more rule violations. In fact, ten of the tweieatsa
had two or more rule violations. Since the number of rule violations was moderately
correlated with the size of the lesion, the authors excluded two participants with the
largest lesions from the analysis and obtained the same significant. rd$dtauthors
also calculated the sensitivity and specificity of the D-KEFS Towerimeke
identification of frontal lobe lesions. They found a total achievement score of foortee

below and the completion of seven or fewer towers both resulted in 75% sensitivity and
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83% specificity. Two or more rule violations resulted in 83% sensitivity and 100%
specificity, leading authors to support previous findings regarding the impeatice
frontal lobes for error monitoring and inhibition. Interestingly, the first«eame or the
move accuracy ratio did not differ between patients and control participants.
Other Tower Tests: Lesion and Functional Imaging Studies

The Tower of Hanoi and its variant the Tower of London tests are frequently used
to assess planning abilities. While the two tasks are similar, Goel andg@réf95)
pointed out that the Tower of Hanoi involves a goal-subgoal conflict while the Tower of
London does not. The goal-subgoal conflict describes a situation where the tekataker
to make a counterintuitive move that seemingly takes him or her away from the goal
design but is necessary for most effective completion of the task. Goel andaGrafm
(1995) found that patients with prefrontal lesions were significantly impairéer(ci@ed
by the number of moves to complete the task) on the Tower of Hanoi task compared to
healthy controls. However, after further analysis of the moves, it bedaarehat
patients were impaired not due to a different or defective planning stiatedye to
failure to resolve the goal-subgoal conflict. The authors attributed thiseféo the
inability of patients with frontal lobe lesions to inhibit a prepotent response indaaor
novel contradictory response. Similarly, Morris et al. (1997) found that patiehtteftit
frontal lesions made significantly more moves to reach the goal statesbeaufahe
failure to resolve the goal-subgoal conflict than patients with right frantinon-frontal
lesions, as well as healthy controls. The results of this study also shoivtrk thght
temporal group performed significantly worse than the healthy control group but this

finding was explained by a spatial memory deficit in the right temporal group.
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Morris et al.’s (1997) finding about most significant impairments in patieitits w
left frontal lesions coincides with several other reports. Tranel et al. ($@8¥harized
two such studies - Shallice (1982) and Glosser and Goodglass (1990). While the latter
study did not find significant differences in performance between patientsigtitivs.
left and frontal vs. nonfrontal lesions, the left frontal lesion group’s perforenaas
significantly worse than the control group.

Regarding more specific lesion localization related to performance twahe
Tower tests, Morris et al. (1997) found no differences between patients with deredolat
orbitofrontal, or dorsolateral+orbitofrontal lesions. The authors warned, however, that
this analysis was not conclusive because of small sample sizes in egzh Queen et al.
(1990) also did not find a significant effect of site or side of prefrontal lesiortgeon t
Tower of London performance in twelve patients with inferior and frontal patankes
five patients with posterior lateral lesions, and one patient with a medal.lesi
However, they did find that patients with frontal lobe lesions made significantly mor
moves to reach the goal states than healthy comparisons. In addition, whsipgadi
with frontal lobe lesions had a normal first move time (time before the fogens
made), they took significantly longer to make subsequent moves, resultiogver sl
overall performance (Owen et al., 1990).

Unlike the above-mentioned lesion studies, functional imaging studies strongly
point to the dorsolateral prefrontal cortex, especially on the left, as aa amtia during
the Tower task performance. Morris et al. (1993) used single-photon emission
computerized tomography (SPECT) to study brain activations associ#tethevTower

of London Test (computerized version). They found significant activations in the lef
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dorsolateral prefrontal cortex and the superior prefrontal area. Moreovarippats
who took more time to plan the execution of the task and who used the fewest moves to
achieve the goal tower exhibited significantly higher activation in thedefrontal
cortex compared to participants who did not. Baker et al. (1996) conducted a similar
study using PET and found increased activations in the DLPC, bilateral restablat
prefrontal cortex (PFC), and the juncture between the anterior insula andrifrontal
gyrus, as well as strong activations in the parietal lobes. Baker conclutibdttha
dorsolateral and rostrolateral prefrontal cortices were importartiddask, with the
DLPC responsible for working memory and the rostrolateral PFC-for isglextd
evaluation of responses. Since the activation in rostrolateral PFC wasabilaie
authors hypothesized that a unilateral lesion in this area may not result ireginpai
performance on the task. Unterrainer and Owen (2006) conducted a meta-ahalysis o
lesion and functional imaging studies using the Tower of London task and came to the
conclusion that the mid-dorsolateral prefrontal cortex plays the most impateim the
performance of this task, although other cortical and subcortical regioris@re a
involved.
D-KEFS Proverb Test

Only one study using the D-KEFS Proverb test with participants with brain
damage was found (McDonald et al., 2007). It compared proverb interpretation abilities
in 22 patients with frontal lobe epilepsy (FLE), 20 — with temporal lobe epilepdy)(TL
and 23 healthy controls. Fifteen of the FLE subjects had identifiable stidetioas
(seven right, seven left, and one bilateral). Results indicated that patiénE &itvere

significantly more impaired than healthy controls in the Free Inquiry conditioile w
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patients with TLE did not significantly differ from controls. However, the bffiee
between FLE and TLE groups approached significance but failed to reach it ie¢he Fr
Inquiry condition. Patients with FLE performed more poorly than controls but not
patients with TLE on the Multiple Choice condition of the test, indicating thatribey
only had difficulties generating abstract interpretations but also failed toechbssact
interpretations from multiple choices. As a result of further analysisutih®rs
concluded that participants with left FLE showed the most impairment in proverb
interpretation ability.

Other Tests of Figurative Expression: Lesion and Functional ImagingeStudi

In a recent literature review of research investigating the neuroacatomi

correlates of non-literal language processing, Thoma and Daum (2006) pointed out tha
this function has been primarily associated with the right hemisphere,canatios
based on a number of lesion studies with participants with unilateral brain dangage (e
Burgess & Chiarello, 1996; MacKenzie et al., 2005). In these studies, participdnts w
right-sided damage were impaired in figurative language understandiexgjdaaced by
providing or choosing literal interpretations. However, not all lesion studies have found
this pattern. In fact, several studies (e.g., Papagno et al., 2004) reportad simil
impairments in figurative language understanding in participants withiteftl and
right-sided lesions. Oliveri et al. (2004) investigated the effects of igpdti&nscranial
magnetic stimulation (rTMS) when applied over the right temporal or lefideathlobes.
They found non-literal language interpretation to be more impaired with lefs rfhisin
right rTMS, implying that the left hemisphere may play an important rol@srianguage

function. Thoma and Daum (2006) concluded that “the evidence available from lesion
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studies is inconsistent, suggesting that damage to both hemispheres makaffect

comprehension of figurative language” (p. 1187). Notably, the above-mentioned lesion

studies investigated primarily the laterality of non-literal langu@geprehension,

without commenting on whether lesion to a particular lobe results in a greater

impairment. However, unlike other tests of executive function, the Proverbdest s@

have the weakest relationship to the frontal lobes, according to the lesion studies.
Neuroimaging studies have also attempted to understand the processes and

anatomical structures involved in non-literal language comprehension. In 1994, using

PET, Bottini et al. found that judging the plausibility of literal and metaphorical

sentences activated a wide network of brain regions mainly in the leftgresreswith

strong activations in the prefrontal cortex, middle and inferior frontal thaibasal

frontal cortex, the temporal pole, the parietal cortex and the precuneus. The role of the

left inferior frontal gyrus was further supported by other functional ingagiindies. For

example, Rapp et al. (2004) used fMRI to investigate the neural correlates phoneta

processing and found that the left inferior frontal gyrus, as well as inferrgroral and

posterior middle/inferior temporal gyri, were activated when healthy sishjead

metaphors and literal sentences. Similar results were reported lga8siet al. (2006)

and Eviatar and Just (2006). Using the divided visual field technique, Schmidt et al.

(2007) found that “the right hemisphere is preferentially involved in the processing of

metaphors with distant semantic relationships found in unfamiliar metaphorsthehile

left hemisphere processes the close semantic relationship in famileghoes” (p. 140).
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Conclusions

As a result of the literature review, two general conclusions can be mastg. F
the literature review generally appears to support the idea that there soeaiatamn
between the frontal lobes and executive functions. However, the sensitivity and
specificity of executive functioning tests to frontal lobe damage remairacictory.
Second, investigations of executive functioning after dorsolateral prefrontal and
ventromedial prefrontal damage are few and have produced variable results.réhe cur
study aimed to provide further clarification of the latter issue by invésiggexecutive
functioning (as measured by the D-KEFS) after damage to two spegifimseof the
prefrontal cortex — dorsolateral and ventromedial.

Predictions

Table 1 presents the D-KEFS variables considered in this investigationl| as we
their units of measurement.

At the risk of oversimplification in order to facilitate the execution of the proje
the following paragraphs will outline a set of specific predictions regardifgcdbe
D-KEFS subtests and possible neuroanatomical correlates. A summary adictiqns
may also be found in Table 2. While words such as “normal” and “impaired” are used,
they are meant to illustrate an estimate of the relationship betwees stdne three
groups based on the literature review. Regarding units of measurement, iEswss@
converted to age-corrected scaled scores using normative data presented KE#® D-
manual. Scaled scores (mean = 10, SD = 3) were used for several reasos.alkirs
they allowed to take into account the effect of age on test performances. $eitmyd|

provided a common scale of measurement for each D-KEFS subtest. And thirdly, using
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scaled scores facilitated the interpretation of the results as this ureastirement is
most commonly used in clinical practice.
D-KEFS Trail Making Test
Completion time on the Number-Letter Switching condition was used as the
outcome measure for this subtest. It was predicted that participants wRIC\dsimage
would perform normally on this test while participants with DLPC damage would be i
the impaired range. Performance of the comparison group consisting of individinals wi

non-frontal damage was predicted to be normal.

Table 1. D-KEFS variables and units of measurement

Test Name Index Name Scale of Measurement

D-KEFS Trail Making Test - Completion time for the Scaled Score
Number-Letter Switching

condition
D-KEFS Verbal Fluency - Total correct items for the Scaled Scores for both
Test Letter Fluency condition  indices

- Total correct items for the
Category Fluency condition
D-KEFS Design Fluency - Total correct items for 3 Composite Scaled Score

Test parts of the Design Fluency
subtest
D-KEFS Color-Word - Completion time for the  Scaled Score
Interference Test Inhibition condition
D-KEFS Sorting Test - Confirmed correct sorts Scaled Score
for the Free Sorting
condition
D-KEFS 20 Questions Test - Initial abstraction score Scaled Scores for both
- Total questions asked indices
D-KEFS Word Context - Total consecutively Scaled Score
Test correct
D-KEFS Tower Test - Total achievement score Scaled Score
D-KEFS Proverb Test - Total achievement scoreScaled Score

for the Free Inquiry
condition
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D-KEFS Verbal Fluency Test

The outcome measures for this subtest included the total correct responses for the
Letter Fluency condition and the total correct responses for the Categenci|
condition. Participants with VMPC lesions were predicted to perform normally on both
measures while participants with DLPC were predicted to have imparéxdmpance.
More specifically, participants with DLPC lesions on the left side would be more
impaired than ones with DLPC lesions on the right. Regarding the performanee of th
non-frontal comparison group, normal performance was predicted except for a possible
impairment in semantic fluency in participants with left temporal lesions.

D-KEFS Design Fluency Test

The composite score for all three conditions of the test (Filled Dots, Empgy Dot
and Switching) was used as the outcome measure for this subtest. It weie@rtbait
participants with VMPC damage would perform normally while participartts iPC
lesions would have impaired performance. Regarding laterality effedisjgants with
right DLPC lesions were predicted to be more severely impaired than gemteiwith
left DLPC lesions. Performance of the non-frontal comparison group was predibied t
normal.

D-KEFS Color-Word Interference Test

The outcome measure used for this subtest was the completion time for the
Inhibition condition. Performance of participants with VMPC damage was predicted to
be normal unless there was damage to the anterior cingulate, in which casegeréor
would be impaired. Impaired performance was predicted for the group wit@ DLP

damage, while the non-frontal comparison group was predicted to perform normally
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D-KEFS Sorting Test

Confirmed number of correct sorts in the Free Sorting condition was used as the
outcome measure. Normal performance was predicted for participantsMRE V
damage and for the non-frontal comparison group. Impaired performance watedredic
for the group with DLPC damage.

D-KEFS Twenty Questions Test

The outcome measures were the total number of questions asked and the initial
abstraction score (the degree of abstraction of the first question askedevasraa by
the number of items it eliminated). It was predicted that participants with®/Msions
would perform normally on the measure of total number of questions asked, while the
prediction regarding performance on the initial abstraction measure rehogee due to
the lack of research on this topic. For patients with DLPC damage, predictions included
impaired performance on the total number of questions asked but also remain
undetermined for the initial abstraction score. The comparison group wadquedic
perform normally on both measures.

D-KEFS Word Context Test

The outcome measure was the total number of consecutively correct items.
Participants with VMPC lesions were predicted to perform normally ylaitecipants
with DLPC lesions were predicted to perform in the impaired range. Perferrobtie
non-frontal comparison group was predicted to be normal.

D-KEFS Tower Test
The outcome measure for the D-KEFS Tower Test was the Total Achisveme

score. For participants with VMPC damage, normal performance was expexted. F
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participants with DLPC damage, impaired performance was expected.aNorm
performance was expected for participants with non-frontal damage, urdedmmage is
in the right temporal region, which may result in impaired performance.
D-KEFS Proverb Test

The total achievement score for the Free Inquiry condition was used as the
outcome measure. Participants with VMPC lesions and with non-frontal lesioms wer
expected to perform normally while participants with DLPC lesions weyeotad to
have impaired performance.

Alternate Outcomes

At this point, it is important to discuss alternate outcomes of the study and the
consequences. One of the alternate outcomes is finding no significant differences
between participants with DLPC and VMPC damage. This scenario may eallates
findings showing differences in executive functioning as a result of VMPC aRe€CDL
damage into question. Given the fact that there is significant evidence foohanhcti
differences between the VMPC and the DLPC, finding no differences in ulig stay
prompt a careful examination of the D-KEFS as a sensitive instrument fasingses

executive functioning.
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Trails V. Fluency D. Fluency Cc-w Sorting 20 Quest. Word Cont. Tower Proverb
Measures Completion Total correct Total correct  Completion Number of Initial Total Total Total
time on the responses for designs time for the confirmed abstraction  consecutively Achievement  achievement
Number-Letter Letter Fluency Inhibition correct sorts  score and the correct items Score score for the
Switching and Category condition in the Free  total number Free Inquiry
condition Fluency Sorting of questions condition
condition asked
VMPC Normal Normal Normal Normal Normal Undetermined Normal Normal Normal
Predictions performance performance performance performance performance performance performance performance  performance
unless on the initia
damage to the abstraction
anterior score; normal
cingulate, in performance
which case — on the total
impaired number of
performance questions
asked
DLPC Impaired Impaired Impaired Impaired Impaired Impaired Impaired Impaired Impaired
Predictions performance performance; performance; performance performance performance performance performance  performance
left-sided right-sided on the total
lesions will lesions will number of
result in result in questions
greater greater asked; initial
impairment impairment abstraction
than right- than left- prediction
sided lesions sided lesions remains open
Non- Normal Normal Normal Normal Normal Normal Normal Normal Normal
Frontal performance performance; performance performance performance performance performance performance; performance
Predictions left temporal right temporal
lesions may lesions may
result in result in
impairment in impaired
semantic performance

fluency
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CHAPTER THREE
METHODS
Procedures
Participants who met the inclusion criteria described in the followingyrphs

were contacted by the research assistant in the Cognitive Neurosciegi@pr Those
who agreed to participate in the project were invited to come to the Neurology
Department at the University of lowa Hospitals and Clinics. The UniyarSlbwa
Institutional Review Board approved the study under a larger existingnPrRagistry
research project. Informed consent was reviewed and signed by the padimghet
context of the existing overarching project, which included the D-KEFS adratiost
The main investigator administered the D-KEFS to the consented participarasr In f
cases, the battery was administered by a trained researchrdassi$e battery took
approximately 90-120 minutes to administer.

Power Analysis

A power analysis was attempted to determine the optimal number of pargcipant
in each group. Previous studies investigating performance of participamtsrait
lesions on the D-KEFS were used to estimate performances in the current study
Unfortunately, the number of studies using the D-KEFS in patients with brain lésions
limited, and one of the investigations was a case study. Another complicatorgifast
that the sample size estimates varied based on the subtest of the D-KEESanfale,
based on previous literature, the average scaled score of the DLPC lesion group on the
Twenty Questions subtest was five, eleven for the VMPC group, and ten for the non-

frontal lesion group (none of the studies used patients with non-frontal lesions, so this
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number was based on the prediction of average performance estimated from stugies usi
similar measures). Based on these estimates, only nine people per group would be
needed to reach power of 80 percent. On the other hand, based on previous D-KEFS
literature, the DLPC group was predicted to achieve a scaled score of 8.75 on éne Tow
Test, the VMPC group — a scaled score of eight (based on a case study),reomd the
frontal group — a scaled score of ten. Based on these estimates, even twentggreople
group would not be enough to reach adequate power.

Based on the general predictions about group performances on all subtests of the
D-KEFS, if one estimates a scaled score of six as the mean performéne®afC
group, a scaled score of nine as the mean performance of the VMPC group, aad a scal
score of ten as the mean performance of the non-frontal group, the study would require
seventeen people per group in order to reach power of 80 percent. Based on this power
analysis, the goal number of participants for each group was seventeen.

Participants

The final study included 46 participants identified through the PatienstRegf
the Division of Behavioral Neurology and Cognitive Neuroscience in the Departfent
Neurology at the University of lowa Hospitals and Clinics (patient infoonas
presented in chapter four). Inclusion criteria for the entire sample Wefecal lesions
predominantly limited to one target area (ventromedial prefrontal, dorsolatefiaintal,
or non-frontal). Exclusion criteria included: 1. Presence of aphasia; 2. Lolyectom
(surgical removal of a part of a particular lobe implicated in seizure ass#tp cause of
the lesion; 3. Location of the lesion in the anterior temporal lobe to excludepzarti

with damage to subcortical structures involved in emotional regulation and memory
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(amygdala and the hippocampus). At the beginning of the study, the author compiled a
list of patients suitable for the investigation. This procedure was based on prest®us li
used in similar studies, file review, including most recent neuropsycholegiaal, and
neuroimaging data. Dr. Daniel Tranel, Director of the Cognitive Neuroscogram

at the University of lowa, assisted in lesion classification. The study didciotle a

group of patients with superior mesial lesions due to an inadequate number of such
patients in the Patient Registry.

Lesion Classification

All patients included in the Patient Registry have stable focal lesions, wel
characterized through structural imaging. The neuroanatomical lesiosiarveds
performed on the basis of MRI for the majority of patients, and on the basis of CT for
patients with conditions precluding MRI, such as metal clipping. The imagiregiaiat
was obtained at least three months after the lesion onset and was mapped according t
standard procedures of the University of lowa Human Neuroanatomy and Neungimag
Laboratory using Brainvox (Damasio & Frank, 1992; Frank, Damasio, & Grabowski,
1997). Participants in the current study were classified into one of the regeauips
based on neuroanatomical analysis. The VMPC was defined as the region esomgnpas
the medial orbital area including the gyrus rectus and the medial portionabited
gyri, and the lower medial prefrontal area. The DLPC was defined as tbe oggihe
top and the sides of the dorsal prefrontal cortex. Figure 1 presents an ilnstfati
regions identified as DLPC and VMPC. Finally, non-frontal lesions weraatkfis any
lesions outside the frontal lobes consistent with the inclusion and exclusioradisted

in the previous section.
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Figure 1. lllustration of DLPC and VMPC regions

Dorsolateral

All patients in the Patient Registry were carefully screened &ym tonsisting
of a board-certified neurologist and a board-certified neuropsychologist talexcl
individuals with a history of mental retardation, learning disability, psyctidisorder,
substance abuse, or a neurological condition other than the one resulting in the lesion.
These criteria remain in place throughout the patients’ participation in tistigeso
that patients who do not continue to meet the criteria are eliminated. This is done

through regular monitoring of their cognition and psychiatric health, as wellagthr
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repeated structural imaging. All participants were in the chronic stagemfary and
were neuropsychologically stable.

The Patient Registry includes data on participants’ intellectual seatus/NAIS-
lll scores), as well as psychological and emotional functioning (e.g. Bamle&xon
Inventory-11 [BDI-11], Beck Anxiety Inventory [BAI], and the MinnesotalMiphasic
Personality Inventrory-2 [MMPI-2]). The investigation considered thesfief general
intellectual level [Full Scale 1Q (FSIQ) from Wechsler Adult Ihggince Scale — I
(WAIS-111)] and level of depression (BDI-II) to ensure the speciicit the findings. As
a general rule, FSIQ scores used in the study were obtained within twgsieate
participation in the current project.Regarding BDI-II scores, existing scores were used
if they were obtained within the last six months of the current investigatidhis If
condition was not met, BDI-1l was administered during the same visit as tHeH3-K

Fifty one patients with specified lesions were tested during the datatmile
process. Five were excluded for the following reasons: aphasia intenietimigst
performance, suspected dementia, lesions with developmental onset (in teipgrds);
and anterior temporal lobectomy with amygdala damage. The decision to exclude
participants with developmental lesions was made in light of research ingiaat
differential developmental course and neuropsychological performanceeantpatith
child and adult lesion onset (Anderson et al., 2006).

Among participants with VMPC lesions, six had bilateral lesions, thredt rig
sided lesions, and five — left-sided lesions. Among participants with DLPC lgsians
had bilateral lesions, seven — right-sided lesions, and five — left-sided leSions

participants had damage located primarily in the DLPC but extending sliglelgadn-
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frontal region. As for participants with non-frontal lesions, one had a bilagésrah| six
— right-sided lesions, and eleven left-sided lesions. Table 3 presents lesionestifmog

each group.

Table 3: Lesion etiologies among three groups

VMPC DLPC Non-Frontal
(n=14) (n=14) (n=18)
CVA 1 8 14
Aneurysm 8 2 0
Meningioma 3 3 3
TBI 1 0 1
AVM 1 1 0

Note: CVA = Cerebrovascular accident (ischemic or hemorrhagic); TiBhsmatic
brain injury with focal neuroimaging findings; AVM = Arteriovenous malfotios

Meningioma = resection (surgical removal) of benign brain tumor

Instruments
The main instrument used in the project was the Delis-Kaplan Executivedfuncti
System (D-KEFS; Delis, Kaplan, & Kramer, 2001). It is a batteryst§tallowing for a
comprehensive and detailed examination of executive functioning. The batterysconsis
of nine subtests derived from existing measures. Detailed descriptions of #stsabh

be found in chapter two.
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In addition to the D-KEFS, two other executive functioning batteries were
considered as possible primary measures for the investigation: the Gganbrid
Neuropsychological Testing Automated Battery (CANTAB) and the Behalvi
Assessment of the Dysexecutive Syndrome (BADS). The following paragrdphs wi
explain the advantages and disadvantages of these measures as well agrithéoreas
choosing the D-KEFS instead of the CANTAB or the BADS.

The CANTAB is a computerized battery assessing several areas aimogni
including memory, attention, and executive functioning. The latest version consists of 22
subtests, five of which are subsumed under executive function, working memory, and
planning category (Intra/Extradimensional Shift, One Touch Stockings ob@iga,
Stockings of Cambridge, Spatial Span, and Spatial Working Memory). Four additional
tasks assess decision-making and response control sets based on emotosallfaet
CANTAB has several positive features, such as the ease of admiomstnatl scoring
(performed by the computer), its non-verbal nature presumably creatinguadge- and
culture-independent test, and the possibility of selecting specific tagke afst.
However, it also has several disadvantages. The non-verbal nature of the tests does
allow for the expression of verbal abilities and precludes the administratiorbaflye
based executive tasks (e.g. verbal fluency). The CANTAB consists ohktasks
adapted from studies with animals and presented in a format which makes comparisons t
more traditional neuropsychological tests extremely challenging. Itiaddjuestions
about the adequacy of the CANTAB reliability have been raised (Lowe & R4888).

One of the most important reasons for choosing the D-KEFS instead of the

CANTAB as the main measure for the study is the fact that the CANT fsiBgsly a
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research tool with unexplored clinical applications. While its research applicsa
valuable, the goal of this study is to provide information about brain-behavior
relationships that would be immediately applicable not only for scientifigposes but
also for clinical ones. The computerized nature of the CANTAB and the ptactica
considerations of its use (e.g. cost and training) will likely continue to deter
neuropsychologists from using this instrument for clinical purposes. In 2000r&ama
al. reported that only three percent of psychologists used computers for test
administration. While this percentage has likely increased by the presenhon-
computerized administration still remains the primary testing method. TKEHS, on
the other hand, is much more applicable in clinical settings and, in fact, itadyabreing
used in clinical practice. It provides an assessment of both verbal and non-veebtd as
of a wide range of executive functions. It can be easily compared tmgxistasures
of executive functions, which facilitates the validation and evaluation of the D-KERS
neuropsychological tool. Based on the presented information, the D-KEFS seeamed as
more appropriate measure to meet the goals of the current project.

The BADS is a battery of tests aimed to detect symptoms of the dysexecutive
syndrome predictive of real-world impairments. The battery consists te@sis
designed to resemble real-life tasks to increase the ecologiahtyafithe battery and a
guestionnaire to be filled out by the patient and another person familiar with ig&.pat
The tests include: Rule Shift Cards Test, Action Program Test, Key Seatch Te
Temporal Judgment Test, Zoo Map Test, Modified Six Elements Test, and the
Dysexecutive Questionnaire. The battery yields one standardized so@e@tizng

the level of executive dysfunction. While the BADS is an important and promising
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measure, it has limitations pointed out by several test reviewers. For ex&ifghato

and Haynes (Mental Measurement YearbooF dd., 2001) in two separate reviews
concluded that the items on some of the BADS tests, particularly the Tempomalehtdg
Test, were designed for the British population and would not be culturally apprdpriate
American test-takers. Since the composite score for the BADS is based ointedit
scores, the Temporal Judgment Test would have to be excluded or modified, which may
limit the interpretations based on the composite score. D’Amato also pointed ohethat t
authors of the BADS provided little guidance for interpreting scores on indiviektal t

In addition, the BADS has a relatively small norming sample of 216 individuals divided
into four large age bands. While the D-KEFS represents a more traditionakrenefis
executive functions, it had a large U.S. - based norming sample and is more gulturall
appropriate for American test-takers, which made it better-suited $osttidy. The
following section will focus on the psychometric properties of the D-KEFS.

D-KEFS Standardization and Norms

The standardization sample consisted of 1,750 healthy adults and children, ages
8-89. The sample was representative of the 2000 U.S. Census population on the
dimensions of age, sex, race/ethnicity, years of education, and geograinc Teg
sample was divided into sixteen age groups, where each year from 8-15 redrasente
single age group, 16-19 year old — another group, and the remaining groups spanned nine
years (e.g. 20-29, 30-39, etc.). Sample size for in each age band ranged from 75 to 175
people. Each age group consisted of approximately equal number of males angl, female
except for the older groups where there were more females than malestécongth

the 2000 U.S. Census). For each age group, the proportions of African/American,
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Hispanic, White, and other racial/ethnic groups were matched to the 2000 U.S. Census.
The entire standardization sample was divided into five groups based on years of
education (according to the 2000 U.S. Census): less than or equal to 8 years, 9-11 years,
12 years, 13-15 years, and 16 or more years. Parental educational achiewaeshesatsle
used for children and adolescents of 8-19 years of age. Finally, individualsofiom f
regions of the United States (specified by the U.S. Census data) participtted i
standardization of the D-KEFS (Northeast, North Central, South, and West). For a
detailed description of the sample, please refer to the Standardization Stuey oh#p
D-KEFS Technical Manual (Delis, Kaplan, & Kramer, 2001).

For all of the performance indices used in this study, raw scores were Igormal
distributed and converted into age-corrected scaled scores with a mean of ten and
standard deviation of three.

D-KEFS Reliability and Validity

The D-KEFS Technical Manual has been criticized by some researcheat for
providing sufficient evidence about validity (Schmidt, 2003). In 2004, the test areator
published a response to this criticism explaining that the manual only has the raoist rec
validity information but the vast majority of the validity data was presehtedigh
articles in peer-reviewed journals. They provided examples of studies that bdvbeais
D-KEFS to investigate executive functioning with different populations, including
patients with frontal lobe lesions (Baldo et al., 2001; Cato et al., 2004, Delis et al., 1992),
frontotemporal dementia (Kramer et al., 2007; Carey et al., 2008), schizophreatiy (Be
et al., 1994), mild cognitive impairment, Parkinson’s disease (Bondi et al., 1993; Beatty

et al., 1990), multiple sclerosis (Beatty et al., 1995), attention deficit dis@danelly
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et al., 2001), and fetal alcohol syndrome (Mattson et al., 1999), among others. The
authors also explained the lack of factor-analytic studies for most D-K&h8sts. In
their opinion, a factor-analytic validation approach has serious limitations ugwsel
with process-oriented tests. As a final remark, the authors commented on the moderate
reliability coefficients for many subtests of the D-KEFS by pointing loatt tnany
executive functioning tests, such as the Wisconsin Card Sorting Test, also havatenode
reliability coefficients, likely due to the fact that executive functioriamks are highly
complex and recruit multiple cognitive processes, creating greatetipbter variable
performance. A more recent investigation of the reliability of D-KEFSrashineasures
(Crawford et al., 2008) found low reliabilities and suggested avoiding the use of the
measures in clinical decision-making.

The reliability and validity data presented in the D-KEFS Technical Mareal
briefly described below.

D-KEFS Trail Making Test

Internal consistency values ranged from moderate to high for eagnoage(.57-
81) for the Composite Letter Sequencing+Number Sequencing conditions. &sst-ret
reliability for all D-KEFS subtests was evaluated with a diverse saofd01
individuals. The average time between test administrations was 25 days. Most
correlations for all conditions were in the moderate range, with higheskatiams for
the motor speed condition. Notably, for the Time to Completion in the Switching
condition (variable of interest in this study), test-retest reliabilityrfdividuals ages 20-

49 was .36, and for individuals ages 50-89, it was .55. For Standard Error of
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Measurement values for each age group, please refer to Table 2.3 in theSD-KEF
Technical Manual (p. 22).

Since the D-KEFS Trail Making Test was derived from the original Making
Test (TMT), the authors have relied on previous TMT validity evidence to support the
validity of the D-KEFS Trail Making Test. The only validity variables preed in the
manual are the intercorrelations between the conditions of the test fordbrgeaps
(8-19, 20-49, and 50-89). The three sequencing trials of the D-KEFS Trail Making Test
(Letter Sequencing, Number Sequencing, and Number-Letter Switching) we
moderately positively correlated with each other for all age groups. BoaalN$canning
and Motor Speed conditions had low correlations with the three sequencing conditions.

D-KEFS Verbal Fluency Test

Internal consistency values for all three conditions of the test were in the
moderate-high range, with the highest coefficients in the Letter Flu@magition (.68-
.90). Test-retest reliability was moderate-high for the Letter anebGat conditions, but
was slightly lower for the Category Switching condition. For the Lé&tigency Total
Correct score, test-retest reliability of the 20-49 years old group was d7@8&for the
50-89 years old group. Standard Error of Measurement values for the 90% and 95%
confidence interval are presented in Table 2.6 in the D-KEFS Technical Manual (p. 25).

Similarly to the D-KEFS Trail Making Test, validity evidence for th&BFS
Verbal Fluency Test was based on the existing tasks of this nature (e.g. COWA
Moderate positive intercorrelations were found between the three test condigtes
Fluency, Category Fluency, and Category Switching) for the three preyvinesitioned

age groups.
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D-KEFS Design Fluency Test

Internal consistency reliability was not investigated for this test duero it
interdependence. Test-retest reliability was generally moderateex&mple, for the
Correct Designs Filled Dots Only condition, test-retest reliability v8& for the 20-49
years old group, and .43 for the 50-89 group. Table 2.8 of the D-KEFS Technical
Manual presents the Standard Error of Measurement values for the three coodiiens
test (p. 27).

The existing Design Fluency tests provided validity evidence for the BEKE
Design Fluency Test. The three conditions of the test (Filled Dots, Enopgy &hd
Switching) were moderately positively correlated with each other, wittoager
association between the two non-switching conditions.

D-KEFS Color-Word Interference Test

Internal consistency of the composite Color Naming + Word Reading completion
times score was moderate-high in all age groups (.62-.86). Test-rbtdslite
coefficients were also in the moderate-high range. For the Inhibition @md#st-retest
reliability coefficient was .86 for the 20-49 age group, and .56 for the 50-89 age group.
Standard Error of Measurement values are presented in Table 2.11 of the D-KEFS
Technical Manual (p. 30).

Validity evidence for the D-KEFS Color-Word Interference Test igthas
existing interference tests, such as the Stroop Color-Word Interfereste T
Intercorrelations between the four conditions of the test were in the modexgedfoaall

three age groups.
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D-KEFS Sorting Test

The internal consistency values are in the moderate to high range. Fadhe Fr
Sorting Confirmed Sorts condition, internal consistency reliability ranged 55-.86.
Test-retest reliability was moderate for all conditions (.51 for the 20-d@@gip and .62
for the 50-89 age group for the Free Sorting Confirmed Sorts condition). Standard Er
of Measurement information can be found in Table 2.14 of the D-KEFS Technical
Manual (p. 33).

As the authors mention in the technical manual, the D-KEFS Sorting Test was
derived from the California Card Sorting Test (CCST) and research has shown that
measures somewhat different factors of executive function than the WrsGarsl
Sorting Test (WCST). Construct validity of the D-KEFS Sorting Test wasgedvn
the manual via a review of studies that used the test or its predecessor C&ISEt &).
(1992) and Dimitrov et al. (1999) have shown that patients with frontal lobe lesions
perform more poorly on the test than patients with non-frontal damage or normal
controls. In addition, multiple studies of populations with high rates of executive
dysfunction (e.g. Korsakoff's syndrome, Parkinson’s disease, schizophrenia)
demonstrated that these populations performed deficiently on the sorting test.

Intercorrelations between the D-KEFS Sorting Test measures weralgener
robust and positive. Part-whole correlations showed that the two card sets contributed
roughly equally to the total score.

D-KEFS Twenty Questions Test

Due to some item interdependence, split-half reliabilities were used tondeter

internal consistency. The Initial Abstraction score had moderate-highatiome (.72-
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.87), while the Total Weighted Achievement score had moderate-low correlations (.10-
.55), likely attributable to item interdependence. Test-retest reljadities were
moderate-low. For example, for the Initial Abstraction score, testnetiability for the
20-49 age group was .24, and .42 for the 50-89 age group.

Validity for the D-KEFS Twenty Questions Test was mainly baseti®n t
previous versions of the test. Intercorrelations between the Total Questi@ts As
measure and the Total Weighted Achievement Score were positive and high, while the
Initial Abstraction Score was weakly correlated with the Total WethAthievement
Score.

D-KEFS Word Context Test

Split-half reliabilities were calculated for this test, resultmgnioderate
correlations for most age groups (.47-.74). Test-retest reliabilitgaas for both adult
age groups (.73 for the 20-49 age group, and .78 for the 50-89 age group). Standard
Error of Measurement values can be found in Table 2.20 of the D-KEFS Technical
Manual (p. 39).

Validity evidence for the D-KEFS Word Context Test was based onrexisti
Word Context tests. Moderate intercorrelations were found between the shtaldir
consistently correct measure and the repeated incorrect responses kgbtlg. |dver
intercorrelations were found between the total first trial consistenttgaaneasure and
the consistently correct ratio.

D-KEFS Tower Test

Split-half reliability ranged from moderate-high for all age groups (.4B-.78st-

retest reliability was moderate (.41 for the 20-49 age group, and .38 for the 58-89 ag
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group). Standard Error of Measurement values are reported in Table 2.23 in the D-KEFS
Technical Manual (p. 42).

The D-KEFS Tower Test validity relied on previously gathered evidece f
existing tower tests (e.g. Tower of London and Tower of Hanoi). The time per move
measure weakly positively correlated with the total achievement sconmeegatively
with the move accuracy ratio, suggesting that people who make responses quiakly a
at a higher achievement score but make more errors. The first-move time was not
correlated with other measures on the test. This was not unexpected, according to the
authors, since higher or lower first-move response times reflect difieygnitive
problems (impulsivity versus lack of initiation).

D-KEFS Proverb Test

Split-half correlations indicated that internal consistency was goall fage
groups (.68-.81). Test-retest reliability was moderate in the 20-49 age grouand66)
high in the 50-89 age group (.81). Standard Error of Measurement is reported in Table
2.26 in the D-KEFS Technical Manual (p. 45).

Accuracy and Abstraction scores were highly intercorrelated while other
measures were moderately correlated. Correlations between the asei@lement
scores on the different D-KEFS subtests were low and positive, indicating that the
subtests measure separate aspects of executive functioning. Prdicesséifscores,
response initiation indicators, and processing speed indices were positively kiyt wea
correlated across the subtests.

Mean correlations of the D-KEFS Sorting Test and the CaliforniadVerb

Learning Test-Second Edition Short Delay Free Recall Total Correctargielay
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Free Recall Total Correct (CVLT-II; Delis, Kaplan, Kramer, &eD2000) were -.13

and -.22 respectively, indicating that the D-KEFS Sorting Test mesauttifferent set of
cognitive abilities (executive functioning) than the CVLT-II. A pilot stdy23)

examining the relationship between the WCST and the D-KEFS subtests found moderate
correlations between the number of completed categories on the WCST anbi3evera
KEFS measures (e.g., correct sorts and sort recognition on the D-KEkKf§ Sedt,

category switching on the D-KEFS Verbal Fluency Test, and empsgl/flot switching

on the D-KEFS Design Fluency Test). The number of perseverative errors on the WCST
also positively correlated, although at a slightly lower level than the numbenyfieted

categories, with several measures of the D-KEFS.
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CHAPTER FOUR
RESULTS

Descriptive Statistics

Participants’ demographic information, chronicity (time since lesioatons

years), WAIS-III Full Scale 1Q (FSIQ), and BDI-1l scores aresented in Table 4.

Table 4. Demographic characteristics, lesion chronicity, FSIQ, and IBidbies

VMPC DLPC Non-Frontal
(n=14) (n=14) (n=18)
Sex 9 Male 11 Male 7 Male
5 Female 3 Female 11 Female
Age (SD) 60.43(6.85) 58.21(9.71) 60.83(9.98)
Education (SD) 13.79(2.8) 13.57(2.14) 15.00 (3.79)
Handedness* 12R;1L;1Mix 12R;1L;1Mix 15R; 3Mix
Chronicity 15.64 (9.48) 9.79 (9.23) 10.56 (8.36)
FSIQ 109.93(18.97) 97.07(13.07) 107.78(15.73)
BDI-II 7.36(6.64) 10.14(9.68) 7.39(6.20)

* R=Right-handed; L=Left-handed; Mix=Mixed-handed
Note: Lesion chronicity refers to time (in years) since lesion onset.

The VMPC, DLPC, and non-frontal groups did not significantly differ withnetga
to age [F (2,43) = .36, p =.70], education [F (2,43) = 1.03, p = .37], chronicity [F (2,43)
=1.81, p =.18], FSIQ [F (2,43) = 2.63, p = .08], and BDI-Il scores [F (2,43) = .66, p =
.53]. Since the results of the preliminary analysis showed that age, edutzdion
chronicity, and BDI-1l scores were not significantly different amdreggroups, these

variables were excluded from the following analyses. FSIQ was retareedavariate



75

to ensure the specificity of D-KEFS performances to executive functioningnélyses
were performed using SPSS for Windows (17th edition) using alpha of .01 to account for
multiple comparisons.

D-KEFS Performances

D-KEFS performances of participants with VMPC, DLPC, and non-frontal

lesions are presented in table 5 and figure 2.

Table 5. D-KEFS performances in Scaled Scores

VMPC DLPC Non-Frontal
(n=14) (n=14) (n=18)
Trails Letter Number 9.93(4.10) 8.50(3.6) 10.00(3.03)
Switching
Letter Fluency 10.14(4.59) 7.71(2.6) 9.22(3.93)
Category Fluency 10.36(4.62) 7.00(2.88) 9.83(2.68)
Design Fluency Composite 11.00(3.62) 9.29(2.20) 11.94(3.12)
Color-Word Inhibition 9.57(4.03) 7.43(3.63) 10.39(2.20)
Confirmed Correct Sorts 10.07(3.32) 9.00(1.84) 11.61(2.83)
20 Questions Initial 11.21(3.42) 9.64(1.55) 11.67(4.22)
Abstraction
20 Questions Total 10.36(2.79) 10.43(2.59) 11.11(3.16)
Questions Asked
Word Context Total 10.50(3.74) 9.14(3.35) 10.06(2.18)
Consecutively Correct
Tower Total Achievement 12.29(3.8) 10.43(3.25) 10.89(2.70)
Proverb Free Inquiry Total  11.43(2.68) 10.07(3.87) 11.50(2.75)

Achievement

Note: Mean=10,SD =3



76

Figure 2. D-KEFS performances in Scaled Scores
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Note: Y-axis = D-KEFS Scaled Scores (Mean = 10, SD = 3). 1 = D-KEFSMa#ihg

Test Letter-Number Sequencing; 2 = D-KEFS Letter Fluency Taak€t; 3 = D-KEFS
Category Fluency Total Correct; 4 = D-KEFS Design Fluency Compssdee; 5 = D-
KEFS Color-Word Interference Test Inhibition condition; 6 = D-KEFS Sortirgy; Tle=
D-KEFS Twenty Questions Initial Abstraction Score; 8 = D-KEFS Twénigstions

Total Questions Asked; 9 = D-KEFS Word Context Total Consecutively Correct; 10 =D
KEFS Tower Total Achievement Score; 11 = D-KEFS Proverb Total Achievermerg S

in the Free Inquiry condition

It is notable that all group mean scaled scores in the VMPC and non-froiaal les
groups were above a scaled score of nin& (8fcentile). However, mean scaled scores
for the DLPC group were below a scaled score of nine on four tests (Trails Letter
Number Switching, Letter Fluency, Category Fluency, and Color-Word lidnihit In
general, on virtually every measure, performances of participants WRIC Desions
were lower than performances of the other two groups. Furthermore, several group

differences approached or exceeded one standard deviation.
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Performances adjusted for the covariate (FSIQ) are presented in table 6.
Interestingly, adjusting group means for FSIQ diminishes group differesuggesting
that FSIQ may explain some of the group differences seen when scores aljasietla
for FSIQ. However, some notable differences remained. For example, based on a
gualitative examination, the DLPC lesion group performed consistently wanséhe
other two groups on the Category Fluency test regardless of whettest scates were

FSIQ-corrected or not.

Table 6. FSIQ-adjusted mean scaled scores (mean = 10, SD = 3) and standard errors

VMPC DLPC Non-Frontal
(n=14) (n=14) (n=18)
Trails Letter Number 9.39(.84) 9.41(.86) 9.71(.74)
Sequencing
Letter Fluency 9.62(.93) 8.60(.95) 8.94(.81)
Category Fluency 10.00(.88) 7.61(.91) 9.64(.77)
Design Fluency Composite  10.49(.69) 10.16(.71) 11.67(.60)
Color-Word Inhibition 9.16(.82) 8.13(.84) 10.16(.71)
Confirmed Correct Sorts 9.69(.66) 9.65(.68) 11.40(.58)
20 Questions Initial 10.61(.77) 10.58(.79) 11.37(.67)
Abstraction
20 Questions Total 10.10(.76) 10.86(.78) 10.97(.66)
Questions Asked
Word Context Total 9.87(.61) 10.23(.62) 9.71(.53)
Consecutively Correct
Tower Total Achievement 12.00(.85) 10.92(.87) 10.73(.74)
Proverb Free Inquiry Total 10.87(.68) 11.02(.70) 11.19(.59)

Achievement
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Comparison of Participants with VMPC, DLPC, and Non-Frontal Lesions

Statistical analyses comparing D-KEFS performances of the VIREC, and
non-frontal lesion groups were performed using analysis of covariand@@A&R) with
FSIQ as a covariate. Alpha level was kept at .01 to account for multiple coomgaris
Analyses revealed no statistically significant differencesang performances on the D-
KEFS measures included in this investigation. Results are displayed in Table 7

As previously mentioned, based on a qualitative inspection of the results, some
group differences appeared to be meaningfully different even though the diffedsahce
not reach statistical significance. To illustrate the strength of tbet @ind to aide in the
interpretation of the results, Cohen’s d effect sizes were calculatdtefdifterences
between groups with the lowest and highest performances on several se&sure
example, for the D-KEFS Category Fluency subtest, the greatest diffevaaabserved
between performances of the VMPC and DLPC groups. Cohen’s d for that difference
was .87. For the Color-Word Inhibition measure, Cohen’s d of the difference between
the DLPC and non-frontal lesion groups was 1.02. Similarly, Cohen’s d of the difference
between the DLPC and the non-frontal groups on the D-KEFS Sorting test was 1.07. All
three of the Cohen’s d values reflect large effect sizes (Cohen, 1992) and vueithant
consideration even though statistical significance was not reached.

Statistical analyses showed that the covariate (FSIQ) was sighiiicaalmost all
comparisons with the exception of Category Fluency, Twenty Questions Tottldpge
Asked, and Tower Test Total Achievement Score. This indicates that for théynafjor
the measures, FSIQ accounted for a significant amount of variance in group

performances.
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Table 7. ANCOVA comparing D-KEFS group performances with FSIQ as aiatevar

F (2,42) P Part.n? Covariate Covariate
F (FSIQ)

Trails Letter Number .052 .949 .002 14.59 .000
Switching
Letter Fluency 303 .740 .014 11.27 .002
Category Fluency 2.011 147 .087 5.809 .020
Design Fluency 1.543 226 .068 19.938 .000
Composite
Color-Word Inhibition 1.676 .199 074 9.254 .004
Confirmed Correct Sorts 2.695 .079 114 11.877 .001
20 Questions Initial 372 .692 .017 18.382 .000
Abstraction
20 Questions Total 418 .661 .020 4.106 .049
Questions Asked
Word Context Total .196 .823 .009 39.544 .000
Consecutively Correct
Tower Total Achievement  .697 .504 .032 4.103 .049
Proverb Free Inquiry .067 .936 .003 24.465 .000

Total Achievement

Proportion of Impaired Performances in Each Group

Another way to present the data is to consider the proportion of individuals in

each group who performed in the mildly impaired range or lower (Scaled Score = 0

five; fifth percentile or lower). Table 8 shows the results of this arsaly=or example,

on the D-KEFS Trail Making Test, 21 percent of individuals with frontal lesionsn&atai

a score at or below the fifth percentile (fourteen percent for the VM&@p@nd 29
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percent for the DLPC group), while only six percent of individuals with non-fronta

lesions were at or below the fifth percentile.

Table 8. Number and percentage of participants performing at or below scate of 5

(5™ percentile)

Frontal VMPC DLPC Non-Frontal

(n = 28) (n=14) (n=14) (n=18)
Trails Letter 6 (21%) 2 (14%) 4 (29%) 1 (6%)
Number
Switching
Letter Fluency 5 (18%) 2 (14%) 3 (21%) 3 (17%)
Category 5 (18%) 2 (14%) 3 (21%) 1 (6%)
Fluency
Design 2 (7%) 1 (7%) 1 (7%) 1 (6%)
Fluency
Color-Word 5 (18%) 2 (14%) 3 (21%) 0
Inhibition
Confirmed 0 0 0 0
Correct Sorts
20 Questions 0 0 0 1 (6%)
Init. Abstract.
20 Questions 2 (7%) 1 (7%) 1 (7%) 1 (6%)
Tot. Questions
Word Context 4 (14%) 2 (14%) 2 (14%) 1 (6%)
Total Correct
Tower Total 2 (7%) 1 (7%) 1 (7%) 1 (6%)
Achievement
Proverb Free 2 (7%) 0 2 (14%) 1 (6%)

Inquiry Total
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Qualitatively, a higher percentage of participants with frontabhssperformed at
or below the fifth percentile on the following D-KEFS subtests, compared to pantgipa
with non-frontal lesions: Trails Letter Number Sequencing, CategagnEl/, Color-
Word Inhibition, and Word Context Total Consecutively Correct. A higher perceritage o
participants with DLPC lesions performed in the mildly impaired rangé (fétcentile)
or lower on Trails Letter Number Sequencing, Letter Fluency, Catédoency, Color-
Word Inhibition, and Proverb Free Inquiry compared to participants with VMPC lesions.

Proportion of Performances at or below the Sixteenth Percentile

Results of a supplementary analysis considering percentage ofppatsan each
group whose scores were at or below a Scaled Score of seven (sixteenthl@eacenti
presented in Table 9.

Interestingly, consideration of scores at or below the sixteenth pérqaesents
a more complicated picture. On six of the eleven subtests, the DLPC group had a higher
percentage of participants with scores in the low average range or lowablyNoh the
D-KEFS Category Fluency subtest, more than half (57 percent) of partecipiint
DLPC lesions performed at or below the sixteenth percentile compared to 29 and 22
percent in the VMPC and non-frontal lesion groups, respectively. Similarly,
performances were at or below the low average range for 50 percent@ppats with
DLPC lesions on the D-KEFS Color-Word Inhibition measure compared to 21 percent in
the VMPC group and eleven percent in the non-frontal group. It also becomesatlear th
while few participants in the VMPC group performed below the fifth percentile, B muc
higher proportion had scores between the fifth and sixteenth percentile. Forexampl

notable that the VMPC lesion group had the highest percentage of participants (36
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percent) who performed at or below the low average range on the D-KER®)S@sit

out of all three groups.

Table 9. Number and percentage of participants performing at or below SS 6f 7 (16
percentile)

Frontal VMPC DLPC Non-Frontal

(n = 28) (n=14) (n=14) (n=18)
Trails Letter 6 (21%) 2 (14%) 4 (29%) 3 (17%)
Number
Sequencing
Letter Fluency 9 (32%) 4 (29%) 5 (36%) 7 (39%)
Category 12 (43%) 4 (29%) 8 (57%) 4 (22%)
Fluency
Design 4 (14%) 1 (7%) 3 (21%) 1 (6%)
Fluency
Color-Word 10 (36%) 3 (21%) 7 (50%) 2 (11%)
Inhibition
Confirmed 8 (29%) 5 (36%) 3 (21%) 1 (6%)
Correct Sorts
20 Questions 3 (11%) 2 (14%) 1 (7%) 3 (17%)
Init. Abstract.
20 Questions 5 (18%) 3 (21%) 2 (14%) 1 (6%)
Tot. Questions
Word Context 8 (29%) 4 (29%) 4 (29%) 3 (17%)
Total Correct
Tower Total 3 (11%) 1 (7%) 3 (21%) 1 (6%)
Achievement
Proverb Free 5 (18%) 2 (14%) 3 (21%) 3 (17%)

Inquiry Total
Achievement
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Similarly, the VMPC lesion group had a greater percentage of perfagsanor
below the sixteenth percentile on the Initial Abstraction Score and the Totdde¥in
Questions Asked of the D-KEFS Twenty Questions Test compared to particiidints
DLPC lesions. The analysis also revealed that the non-frontal lesion grougehad t
highest percentage of participants performing at or below the low averageaa the
D-KEFS Letter Fluency and Twenty Questions Initial Abstractionpamed to the two
frontal lesion groups.

When all participants with frontal lobe lesions were combined in one group, the
larger frontal group had higher percentages of performances at or below ¢eatsixt
percentile on eight of the eleven measures compared to the non-frontal gralsp (Tra
Letter Number Sequencing, Category Fluency, Design Fluency, Color-Whahitilon,
Confirmed Correct Sorts, Twenty Questions Total Number of Questions Asked, Wor
Context, and Tower).

Lesion Laterality in Patients with DLPC Lesions

It was predicted that participants with DLPC lesions inlé¢ftthemisphere would
perform worse on the Letter Fluency subtest of the D-KEFS théicipants with DLPC
lesions in the right hemisphere. Conversely, participants wittt-siged lesions were
predicted to perform worse on the Design Fluency subtest thacipents with left-
sided lesions. To investigate this hypothesis, participants witR(Dlesions were
divided into two groups based on lesion laterality. Two participantbitetdral lesions
and were excluded from the analysis. Seven of the remainmigigents had right -
sided lesions and five - left-sided lesions. A quantitative asalyas not conducted due

to the small number of participants in each group. Qualitatiyebdiction about worse
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performance of participants with left DLPC lesions on the O-8H. etter Fluency test
compared to participants with right DLPC lesions, was confirfhett DLPC Mean SS
= 6.8 (SD = 2.4); Right DLPC Mean SS = 8.4 (SD = 3.3)]. Howewafppmances of
participants with right- and left-sided lesions on the D-KEFR&ign Fluency subtest
were similar [Left DLPC Mean SS = 9.2 (SD = 2.6); RightH® Mean SS = 9.3 (SD =

2.3)].
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CHAPTER FIVE
DISCUSSION

In neuropsychology literature and practice, executive dysfunction hasefan
associated with frontal lobe damage. However, a careful review of deadslearch
indicates that the relationship between frontal lobes and executive functiomssrema
controversial. In fact, the former president of the Division 40 (Clinical
Neuropsychology) of the American Psychological Association Carl Ddiiéif7)
described the assumed connection between frontal lobe damage and executive
dysfunction (as measured by defective performance on common neuropsya&iologic
measures) as one of the popular “myths” in neuropsychology because multiple
investigations and meta-analyses have failed to show a specific connection.

It appears that in the discussion on the nature and degree of association between
frontal lobe damage and executive dysfunction, it is important to define whaad e
the term “executive dysfunction”. One definition of “executive dysfunction” may
represent difficulties seen in real-life functioning (e.g., poor judgmentideenaking,
multitasking). However, a definition that seems to be most commonly referired to i
discussions on “executive dysfunction” is impaired performance on laborasts\ofe
executive functioning. Dodrill (1997) is not necessarily challenging thearesdtp
between frontal lobe damage and executive dysfunction but the relationship between
frontal lobe damage and executive dysfunction as measured by widely used
neuropsychological tests.

A complicating factor in interpreting research investigating tseaation

between executive functioning and frontal lobes is the fact that particulansey the
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frontal lobes are often not differentiated. Instead, all participants witkalrlobe lesions
are combined in one group. Valuable information may be lost as a result of using thi
method since research suggests that lesions in different regions of the @loesaiay
result in different clinical presentations and neuropsychological peafuces (Tranel et
al., 1994).

According to one organizational system (Chan et al., 2008), executive functions
can be divided into “cold” (e.g., cognitive set shifting, inhibition of a prepotent response
strategy-generation, and problem-solving) and “hot” (e.g., decision-maksegl loa
social/emotional variables). Generally, the “cold” executive functions hare be
associated with the dorsolateral prefrontal cortex while the “hot” functionh
ventromedial prefrontal cortex. In neuropsychological assessment, exdonttiens
are most often measured using instruments that attempt to isolate anddalidjet
executive skills. The measurement of the “hot” functions, however, remaingeelus
This is partially due to the nature of controlled laboratory testing thatrbeslow for
the expression of deficits in “hot” executive functions, as well as the limited mwhbe
widely available measures targeting these functions. Few studie$ydi@uoparing
neuropsychological functioning in people with VMPC and DLPC lesions have been
published. Therefore, is it possible that Carl Dodrill's general conclusion ddsolatck
of scientific evidence for the association between frontal lobe damage andiexe
functioning deficits (as measured by commonly used tests) is too generaffbssible
that the association varies based on the region of damage within the frontal lobat, as w

as the instrument?
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The main purposes of this investigation were: 1. To compare the performances of
patients with DLPC, VMPC, and non-frontal lesions on a relatively new battery of
executive functioning tests (D-KEFS, 2001); 2. To determine the proportion of
participants in each group who performed in the impaired range. Dividing participants
with frontal lobe damage into two groups based on lesion location allows to clarify if
damage to specific areas of the frontal lobes results in lower perforsnamdtests of
executive functioning. Using the D-KEFS battery of commonly used tests atlows t
address the question of whether damage to specific regions of the frontal lolfe€ (VM
and DLPC) and non-frontal regions results in greater impairment on particttar te

While the D-KEFS provides multiple indices for each of its nine subtests, only
selected primary indices were used for the purpose of this study. Based terdhad
review, the DLPC group was expected to be the most impaired overall, while tA€ VM
and non-frontal groups were expected to be the least impaired on most measures.

Participants in each group did not significantly differ with regard to age,
education, lesion chronicity, FSIQ, or BDI-1l scores. Main analyses ctauriar the
effect of FSIQ to ensure specificity to executive functioning. Overall, cosgpe of
group mean scaled scores for the eleven measures did not reach statistfozrsig.
However, on virtually every measure, the mean score of the DLPC group wasHawer
the scores of the VMPC and non-frontal lesion groups. Moreover, several of the
differences appeared meaningful and resulted in large effect sizesficapgcihe
largest group differences were observed on the D-KEFS Category FllesicyD-KEFS
Color-Word Interference Test (Inhibition condition), the D-KEFS Lettaefty Test,

and the D-KEFS Sorting Test (Number of Confirmed Correct Sorts in the &reegS
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condition). On three subtests (Category Fluency, Color-Word Inhibition, and Lette
Fluency) the mean group scaled scores of the DLPC group were below a soadenf sc
eight (28" percentile). Conversely, no performances of the VMPC and non-frontal lesion
groups were below a scaled score of nind’ (@arcentile).

The second goal of the study was to determine the percentage of participants i
each group with scores in the impaired range (fifth percentile or belovi§.amalysis
revealed that on five of the subtests, a greater percentage of particighriid.RC
lesions performed in the impaired range (Trails Letter Number Switdbétiger Fluency,
Category Fluency, Color-Word Inhibition, and Proverb Free Inquiry) than partisipa
with VMPC and non-frontal lesions. The percentage of participants performing in the
impaired range on Design Fluency, Twenty Questions Total Questions Asked, and the
Tower Test was similar in all three groups. The non-frontal lesion grouphéduaghest
percentage of impaired performances on the Twenty Questions Initiabétist Score.
There were no impaired performances on the Sorting test in any of the groups.

A supplementary analysis investigating the percentage of participasdsh
group who performed at or below the sixteenth percentile (scaled score of seven)
revealed a more complex picture. On five subtests, the DLPC group had the highest
percentage of performances at or below the scaled score of sevenlL@iailsNumber
Sequencing, Category Fluency, Design Fluency, Color-Word Inhibition, and the Towe
Test). Notably, 57 percent of participants with DLPC lesions performed at or low t
sixteenth percentile on the Category Fluency subtest compared to 29 percent in the
VMPC group and 22 — in the non-frontal group. In addition, 50 percent of participants

with DLPC lesions performed at or below the sixteenth percentile on the Colar-Wor
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Inhibition subtest compared to 21 percent in the VMPC group and eleven - in the DLPC
group. The highest percentage of participants with VMPC lesions performed at or below
the sixteenth percentile on the Sorting subtest and on the Twenty Questions sobdést (T
number of questions asked). Interestingly, Baldo et al. (2004) found that performance of
patients with frontal lobe lesions on the D-KEFS Twenty Questions Task asis m
strongly correlated with their performance on the D-KEFS Sorting Tiés current
study also shows that there may be an association between patients’ pecésimathe
two measures, particularly for patients with VMPC lesions. Baldo 2G04
hypothesized that the both tests require to categorize the presented mateiamay
indicate that patients with frontal lesions have difficulty in this domain. Thenturre
study tentatively suggests that this may be particularly true femsatvith VMPC
lesions. Given the lack of scientific findings identifying measurestsentd VMPC
damage, this finding may be significant and warrants further investigation.

A qualitative analysis revealed that participants with right-sided DIEBIGNnS
performed better on the D-KEFS Letter Fluency test than participatht$efitsided
DLPC lesions, which was consistent with predictions based on the literature.review
Performances of participants with left- and right-sided DLPC lesions mearly
identical on the D-KEFS Design Fluency test. These findings are @ntsisth Baldo
et al.’s (2001) results in a sample of eleven patients with focal frontal labedesThey
found that on the D-KEFS Letter Fluency test, participants with left fréegeins
performed significantly worse than participants with right frontal lesi@imilarly,
meta-analyses investigating performances of patients with frontal kibadeon other

letter fluency tasks (Henry & Crawford, 2004; Alvarez & Emory, 2006) found hieat t
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test was generally sensitive to frontal lobe damage but especially in tfreriédd lobe.
Baldo et al. (2001) found that lesion laterality did not impact performance on the D-
KEFS Design Fluency test, which stands in contrast to earlier findingga@ting greater
impairment with right frontal damage (Jones Gotman & Milner, 1977). The current
study tentatively supports Baldo et al.’s (2001) finding regarding similaonpeahces of
patients with right- and left-sided lesions on the D-KEFS Design FluencyTest
summarize, current results support literature showing the importance afitaten letter
fluency tasks but not on design fluency tasks.

The following paragraphs will present the results of the investigationagelyar
for each variable along with a discussion regarding the findings in relatiorstmgxi
literature.

D-KEFS Trail Making Test

There was no statistically significant difference between perfaresaof the
VMPC, DLPC, and non-frontal lesion groups on the completion time for the Letter-
Number Sequencing condition of the D-KEFS Trail Making Test. Qualitativasy, i
worth mentioning that the mean of the DLPC lesion group was half a standaribdeviat
lower than the mean of the Non-Frontal lesion group, while the VMPC and the Non-
Frontal lesion group means were very similar. When considering the peecehtag
participants in each group who performed below the fifth percentile, the DLPC group had
the highest percentage (four people, 29 percent) compared to the Non-Frontal group (one
person, sipercent) and the VMPC group (two people, fourteen percent). To summarize,
while group differences were not statistically significant, qualeat the DLPC group

was slower than the VMPC and Non-Frontal groups, and had the highest percentage of



91

performances below the fifth percentile. Similarly, the DLPC lesion gnadghe
highest percentage of participants who performed at or below the sixteentttifgerce
compared to the VMPC and non-frontal lesion groups.

Previous literature on D-KEFS Trail Making Test performances inrgatweith
brain lesions seems to indicate that patients with lateral prefrontal ¢BREY lesions
perform slower on the D-KEFS Letter-Number Switching condition than healthy
comparisons (Yochim et al., 2007). Yochim et al. (2007) also found that patients with
frontal lobe damage had a significantly higher number of errors in the D-KEff&-L
Number Switching condition. While the current investigation did not find statigtica
significant differences between patients with VMPC, DLPC, and non-frontahtes
there was a trend for worse performances in the DLPC group, which tentativelytsuppor
Yochim et al.’s (2007) conclusions regarding compromised performance inetad la
PFC group. This is also consistent with Stuss et al. (2001) finding regarding
significantly impaired performance of the DLPC lesion group compared to tH&CVM
lesion group and non-frontal comparisons on the Trail Making Test, part B. dnaicti
neuroimaging research using the Trail Making Test also implicates tREDL
particularly on the left, and the medial frontal region as areas highly involvedteasthe
performance (Moll et al., 2002; Zakzanis et al., 2005).

In a case study involving a patient with a VMPC lesion, Cato et al. (2004) found
that the patient’s performance was above average for the time to completio®ef the
KEFS Letter-Number Switching condition but his error rate was low averageefsth
percentile). Stuss et al. (2001) also found that patients with VMPC lesions performed

normally on the Trail Making Test, Part B. The current findings support resuttstiie
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Cato et al. (2004) and Stuss et al. (2001) studies illustrating normal completionrtime f
the Letter-Number Switching condition in patients with VMPC damage. Howaver,
investigation by Zlatowka et al. (2007) found that patients with gyrus rexgastion

were slower on the Trail Making Test, Part B, than patients with other frontdekibas

and healthy comparisons. The current study did not consider error rates, buhresearc
suggests that error rates may be a promising area of future reaegatents with

frontal lobe lesions consistently have a greater number of errors thangafidnmon-

frontal lesions and healthy comparisons (Yochim et al., 2007; Cato et al., 2004; Stuss et
al., 2001).

D-KEFS Letter Fluency

There were no statistically significant differences in performant¢éhe VMPC,
DLPC, and non-frontal lesion groups on the D-KEFS Letter Fluency condition.
However, qualitatively, group performance of the DLPC group was almost one dtandar
deviation below performance of the VMPC group and half a standard deviation below
performance of the non-frontal group. The DLPC group also had the largest percentage
of participants who performed below the fifth percentile (three people, 21 percent
although this difference does not appear particularly significant comparteel ion-
frontal group (three people, seventeen percent). The VMPC group had the lowest
percentage of impaired performances (fourteen percent). Interestimgyg percentage
of participants who performed at or below the sixteenth percentile was cewdlsithe
non-frontal group actually had the highest percentage of such performancescf)pe
Therefore, the DLPC group had a meaningfully lower mean group scaled sograred

to the other two groups but the non-frontal group had the highest percentage of
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participants who performed at or below the sixteenth percentile. The VMPC group
qualitatively actually performed slightly better on the task with regatide group mean
and percent of participants with impaired performances than the non-frontal group.

A case study by Cato et al. (2004) showed that a patient with a VMPC lesion
performed in the average range on D-KEFS Letter Fluency. The currerttgaties is
consisted with Cato et al.’s results showing normal performance of patigmtgMPC
damage on the D-KEFS Letter Fluency condition. While the current investigation i
statistically consistent with Davidson et al.’s (2008) finding that patiemiisDn.PC
lesions did not perform significantly different from patients with other PRGris®n a
phonemic fluency task, a qualitative examination of the current data points to sedefini
trend of DLPC patients performing worse than VMPC patients on the D-KEFRS Lett
Fluency task.

In general, the majority of research using phonemic fluency tasks seems to
indicate that these tasks are more sensitive to frontal lobe damage than tontalriebe
damage, unless the non-frontal damage is located in the left anterior teraperal |
(Henry & Crawford, 2004; Alvarez & Emory, 2006). The current study suggests a
valuable clarification to existing research by showing that phonemic fluasks may be
particularly sensitive to DLPC damage rather than frontal lobe damage malgene

D-KEFS Category Fluency

Performances of participants with VMPC, DLPC, and non-frontal lesions were
not statistically different. However, a qualitative examination of thdtseeshowed that
the mean group performance of the DLPC group was more than one standard deviation

below the VMPC group and nearly one standard deviation below the non-frontal group.
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The DLPC group also had the highest percentage of participants who performed at or
below the fifth percentile (three people, 21 percent) compared to the VMPC group (two
people, fourteen percent) and the non-frontal group (one person, six percent). Notably,
57 percent of participants with DLPC lesions performed at or below the skxteent
percentile. Therefore, based on the qualitative analysis, performance afRRegboup
was substantially worse than performances of the VMPC and non-frontal groups.
Current results illustrating solidly average performance in the VMBQpgr
(based on the group mean scaled score) are consistent with results of a gasg Gatd
et al. (2004) involving a patient with a VMPC lesion. A meta-analysis by Herdy
Crawford (2004) concluded that semantic fluency tasks were as sensitioetéb fobe
damage as phonemic fluency tasks, which is consistent with results of the current
investigation. However, they also concluded that such tasks were sensitisiteld
damage in general (e.g., left anterior temporal lesions), not only in the fiabgal As
with phonemic fluency, results of the current investigation tentatively provide a
clarification of the previous conclusion regarding the sensitivity of semdunticdy tasks
to frontal lobe damage by specifying that such tasks may be more sensitive@ DL
damage. In fact, it is possible that the previous conclusion of sensitivitgnahtie and
phonemic fluency tasks to frontal lobe damage may be accounted for by damage to the
DLPC rather than the VMPC. Patients with anterior temporal lesions oftendiauvees
disorders and amygdala damage and were excluded from the present study.r& herefo
previous findings regarding sensitivity of semantic fluency tasks to lefi@ntemporal

lobe damage could not be considered. However, current results show that patients wi
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non-frontal lesions outside the anterior temporal region generally perfavitred the
average range.

D-KEFS Design Fluency: Composite

The current investigation showed no significant differences in performances of
participants with DLPC, VMPC, and non-frontal lesions. While all group meares wer
solidly in the average range, group mean scores for participants with @sPGd were
close to one standard deviation below the non-frontal group and half a standatdrdeviat
below the VMPC group. Percentage of participants whose scores were at othaelow
fifth percentile was similar across groups (seven percent for the VAEOLPC
groups, six percent for the non-frontal group). Twenty one percent of particpénts
DLPC lesions had scores at or below the sixteenth percentile compared to seseh perc
in the VMPC lesion group and six percent — the non-frontal lesion group. Baldo et al.
(2001) found that patients with frontal lobe lesions performed significantly worse on the
D-KEFS Design Fluency test than healthy comparisons. The current iavestig
showed that participants with frontal (DLPC and VMPC) lesions generaligrpexd in
the average range but, relative to each other, the DLPC group tended to perform slightly
worse than the non-frontal and VMPC groups.

D-KEFS Color-Word Interference Test: Inhibition Condition

No significant differences emerged between performances of partisiwith
VMPC, DLPC, and non-frontal lesions on the Inhibition condition of the D-KEFS Color-
Word Interference Test. However, a qualitative analysis showed that th@ §rbBp
performance was the lowest of the three groups (nearly one standard deviatiothbelow

non-frontal group and two thirds of a standard deviation below the VMPC group). The
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DLPC lesion group had the highest percentage of participants with impaired
performances (three people, 21 percent), while the VMPC group had fourteart perce
(two people) and none of the participants in the non-frontal group performed in the
impaired range. Fifty percent of participants with DLPC lesions perfbaher below
the sixteenth percentile compared to 21 percent of participants with VMPC lestbns a
eleven percent — with non-frontal lesions.

The majority of lesion and functional imaging research seems to concltde tha
regions within the frontal lobes most strongly associated with inhibition tamkarso
the D-KEFS Color-Word Interference Test include the anterior cirgghaus (Ravkilde
et al., 2002; Alvarez & Emory, 2006), and right inferior or ventrolateral PFC (Arakl, et
2004; Vendrell et al., 1995), although research showing left-sided localization of the
interference effect also exists (Stuss et al., 2001). In a meta-analysirez and Emory
(2006) concluded that the Stroop Color-Word Interference test is less sensitomab f
lobe damage than phonemic fluency tasks or the Wisconsin Card Sorting Test. ®hey als
noted, however, that impaired performance on the task is most frequently assoitiated w
medial and lateral frontal damage. Interestingly, McDonald et al. (2005) foahd t
performances of participants with frontal lobe epilepsy were not sigmifycdifferent
from those of participants with temporal lobe epilepsy. While performanceedtities
between VMPC, DLPC, and non-frontal groups were not statistically significaime i
current investigation, the DLPC group appears to have the lowest mean perormanc
relative to non-frontal and VMPC groups and the highest percentage of parsicipant
performing at or below the fifth and the sixteenth percentiles, which providestemmsi

evidence of lower performance on the task associated with DLPC damagéndihts
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appears to be consistent with some previous research pointing to the associaten bet
lateral frontal damage and lower performance. The current investigatios Hietw
damage to the VMPC alone is less likely to result in impaired performanteddhaage

to the DLPC.

D-KEFS Sorting Test: Confirmed Correct Sorts in the Free Sorting Condition

There were no statistically significant differences betweeincpamts with
VMPC, DLPC, and non-frontal lesions on the number of confirmed correct sorts in the
Free Sorting Condition of the D-KEFS. Descriptively, group mean for the Déstanl
group was close to one standard deviation below the mean of the non-frontal lesion group
and one third of a standard deviation below the mean of the VMPC lesion group.
Interestingly, no participants in any group performed in the impaired rangel{@ow
the fifth percentile). While the group mean scaled score for the VMPC group ey sol
average, it was half of a standard deviation below the mean of the non-frontal group.
Interestingly, the VMPC group had the highest percentage of participants vidwonael
at or below the sixteenth percentile (36 percent) compared to 21 percent in the DLPC
group and six percent in the non-frontal group. In summary, while all mean group score
were in the average range, patients with non-frontal lesions had the highest gesup m
followed by patients with VMPC lesions, while patients with DLPC lesions had the
lowest group mean. However, when considering percentages of participantsimegyfor
at or below the sixteenth percentile, the VMPC group had the highest percentage of the
three groups.

Only one published study used the D-KEFS Sorting Test (Cato et al., 2004) to

describe performance of a patient with a VMPC lesion. They reported thttibiet
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achieved an average number of confirmed corrects sorts in the Free Sortingo@arfdi

the D-KEFS. It is difficult to establish whether the current findings supid €t al.’s

(2004) findings because if only mean scaled scores are considered, the VMPC group did
not show any indication of difficulties. However, the high percentage of partisipa
performing at or below the sixteenth percentile in the VMPC group suggestsi@ossi
difficulty on this measure.

Comparison between the D-KEFS Sorting Test and the WCST has to be done
cautiously given that the correlation between the number of completed castegothe
WCST and the number of confirmed corrects sorts in the free sorting condition of the D-
KEFS Sorting Test is moderate (.59) and only 16-36 percent of variance is shareyl a
the instruments (D-KEFS Technical Manual, 2001). D-KEFS’ authors concluded that
the D-KEFS Sorting Test and the WCST measure some overlapping components of
executive functioning but also contribute unique variance in the assessment of other
aspects of executive functioning. Research findings comparing perfornadnces
participants with frontal and non-frontal lesions on the WCST are varied with some
studies finding no significant differences (Anderson et al., 1991; Shamay-Tsa@bsy et
2004) while others finding that frontal lesion participants perform significardgrse
than non-frontal lesion participants (Stuss et al., 2001; Goldstein et al., 2004). bBra met
analysis, Alvarez and Emory (2006) concluded that the WCST was sensitive but not
specific to frontal lobe damage. They found the WCST to be more sensitive to frontal
lobe damage than phonemic fluency or the Stroop Color-Word Interference Test. There
is consistent evidence that damage to the DLPC regions is most strongly adseithat

poor performance on the WCST (Stuss et al., 2000; Demakis et al., 2003). In the current
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study, participants with DLPC lesions had the lowest group mean score (althtbugh st
solidly average), tentatively supporting the association between daotgeRLPC and
lower performance on sorting tasks. However, the VMPC lesion group had the highest
percentage of performances at or below the sixteenth percentile. Oridepaessson for

this is that the D-KEFS Sorting Test is more sensitive to VMPC damagenthaaST.

The D-KEFS Sorting test requires patients to identify a greater numbeegbdas from

a greater number of stimuli, which may give it an advantage over the WCSathanly
three categories. This is an interesting question that deserves furthegatives

D-KEFS Twenty Questions Test: Initial Abstraction Score and Total Nupnfbe

Questions Asked

There were no statistically significant differences betweempaédnces of the
VMPC, DLPC, and non-frontal lesion groups on the D-KEFS Twenty Questions Test
Initial Abstraction Score and Total Questions Asked. Qualitatively, fomikiall
Abstraction Score the DLPC group mean score was two thirds of a standard deviation
below the non-frontal group score and half of a standard deviation below the VMPC
group’s score, while the VMPC and the non-frontal groups had similar performances.
None of the participants in the two frontal lesion groups had scores at or below the fifth
percentile, while the non-frontal group had one impaired score (six percent). When
performances at or below the sixteen percentile were considered, the nohgiaua
had the highest percentage of such performances (seventeen percent), the VMeC had t
second highest (fourteen percent), while the DLPC group had the lowest pexcentag
(seven percent). For the Total Number of Questions Asked index, performances of the

VMPC and DLPC groups were very similar with regard to mean group sediids the
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non-frontal group had a slightly higher mean score. The percentage of impaired
performances was similar in all three groups (one person in each group). Hdheve
VMPC group had the highest percentage of performances at or below the sixteenth
percentile (21 percent) compared to fourteen percent in the DLPC lesion group and six
percent in the non-frontal lesion group. Therefore, if only scaled scores amgecedsi
the DLPC group had the lowest score while the VMPC and non-frontal groups were
similar. For the Total Number of Questions Asked, the VMPC and the DLPC group
mean scaled scores were similar with the non-frontal group perfortrghtysbetter.
However, if percentage of performances at or below the sixteenth percentile i
considered, the VMPC group had the highest percentage of such performances.
There have been no previous lesion studies commenting on the D-KEFS Initial
Abstraction index. However, Baldo et al. (2004) found that patients with frontal lobe
lesions asked significantly more questions than healthy comparisons on thE®-KE
Twenty Questions Test, primarily due to asking concrete questions thatagéd few
options at a time. In that study, performance on the D-KEFS Twenty Quesisinaas
strongly correlated with performance on the D-KEFS Sorting Test, leddrauthors to
conclude that the frontal regions were important for categorical organization a
reasoning. Baldo et al. (2004) did not specify lesion locations within the frontal lebes.
the context of Baldo et al.’s (2004) findings regarding a strong correlationéretwe
performance on the D-KEFS Twenty Questions test and the D-KEFS Sortingigest
likely not a coincidence that the VMPC lesion group had the highest percentage of
participants performing at or below the sixteenth percentile on both of the e g

only those two measures). The D-KEFS Twenty Questions test and the D-KEiR§ Sor
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test are similar in that both present patients with a large array of isti@atuheed to be
organized into meaningful categories. Further research is needed to invegtiggier
patients with VMPC lesions are more likely to have difficulty on similar tasks

D-KEFS Word Context Test: Total Consecutively Correct

No statistically significant differences were found in perfornearaf the VMPC,
DLPC, and non-frontal lesion groups on the D-KEFS Word Context Total Consecutively
Correct index. Qualitatively, all group means were in the average ratigéheDLPC
group mean nearly half of a standard deviation below the VMPC group mean but
performances of the VMPC and non-frontal lesion groups were very similar. Two
participants in each the VMPC and DLPC group (fourteen percent) and one participant in
the non-frontal group (six percent) performed in the impaired range. The VMPC a
DLPC lesion groups had the same number of participants who performed at or below the
sixteenth percentile (29 percent) while the percentage was seventeen perttenhéor-
frontal group.

Previous research on the D-KEFS Word Context Test and similar measures is
limited. Keil et al. (2005) found that participants with frontal lobe lesions (piynari
lateral frontal) performed significantly worse of the D-KEFS Word Cdnest than
healthy comparisons. Participants with left lateral frontal lesions thermost impaired.

In a functional neuroimaging study, Shtyrov and Friedemann (2007) found the strongest
activations in the left superior temporal and left inferior frontal regiorenvgerforming

a word context task. Therefore, there seems to be agreement in both studies that the
inferior lateral frontal region on the left is implicated in performance ors talSkneaning

interpretation based on context. It is difficult to say whether the current sipgorts
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these findings since group differences were rather small. Howevepeids that the D-
KEFS Word Context Test may not be very effective at differentiating VMR®C, and
non-frontal lesions.

D-KEFS Tower Test: Total Achievement Score

Performances of the VMPC, DLPC, and non-frontal groups were not significantly
different. Notably, the VMPC group mean score was the highest among thgrthupe
followed by the non-frontal group, and the DLPC group. The difference between the
VMPC and DLPC group was almost two thirds of a standard deviation while
performances of the DLPC and non-frontal groups were similar. Each group had one
participant who performed in the impaired range, which constituted seven percent in the
VMPC and DLPC groups and six percent in the non-frontal group. The DLPC group had
the highest percentage of participants performing at or below the sixteerghtper@1
percent) while the percentage was similar in the VMPC and non-frontal groups.

The current finding of intact performance in the VMPC group coincides with Cato
et al. (2004) case study illustrating normal performance in a patient with £\ld4kn.
Yochim et al. (2008) found that patients with lateral prefrontal lesions attained a
significantly lower D-KEFS Tower Total Achievement Score compared tithlyea
comparisons. This finding is consistent with considerable functional neuroimaging
literature implicating the DLPC regions, particularly on the left, agipy an important
role in performance on various Tower Tests (Unterrainer & Owen, 2006; Mbalis e
1993; Baker et al., 1996). However, lesion studies have not consistently supported this
conclusion. For example, Morris et al. (1997) found no differences in performances of

participants with DLPC, orbitofrontal (OFC), and DLPC plus OFC lesions on therTow
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of Hanoi Test. Regarding specificity to frontal lobe damage, Glosser and @s®dgl
(1990) found no differences in performance of participants with frontal and non-frontal
lesions on the Tower of Hanoi. The current study supports Glosser and Goodglass’
(1990) conclusion regarding similar performances of participants with frontal and non
frontal lesions on another tower task, the D-KEFS Tower Test Total Achiev&oerd.
Furthermore, it also supports conclusions regarding the lack of difference inmsertar
between groups with lesions in different regions of the PFC (VMPC and DLPC)e Whil
neuroimaging studies point to involvement of the DLPC, particularly on the left, in tower
task performance, the current study did not strongly support the finding that deamage
the DLPC is associated with impaired performance. In a neuroimaguhg 8aker et

al. (1996) reported bilateral activation in rostrolateral PFC while perforantoger task,
which led them to conclude that unilateral damage may not result in impairment. The
majority of participants with DLPC lesions had unilateral lesions, whia partially
explain normal performances in this group.

D-KEFS Proverb Test: Total Achievement Score in the Free Inquiry Condition

The difference between performances of the VMPC, DLPC, and non-frontal
lesion groups on the D-KEFS Proverb Test Total Achievement Score in the Freg Inqui
Condition was not statistically significant. Qualitatively, the perforraart the non-
frontal and VMPC groups were similar, while performance of the DLPC group was
slightly lower (almost half of a standard deviation below scores of the VMPC and non
frontal groups) but still solidly average. Two participants in the DLPC grodiprped
in the impaired range (fourteen percent) compared to none in the VMPC group and one in

the non-frontal group (six percent). The DLPC group also had the highest pgeceinta
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participants performing at or below the sixteenth percentile (21 percenppoednto
fourteen percent in the VMPC lesion group and seventeen percent in the non-frontal
lesion group.

The only study that used the D-KEFS Proverb Test in patients with brain lesions
was by McDonald et al. (2007). It examined performances of patients withlfiaiog
epilepsy (FLE), temporal lobe epilepsy (TLE), and healthy comparisdmsy found that
performances of patients with FLE and TLE were not significantly efffiefrom each
other. However, the FLE group, but not the TLE group, performed significantly worse
than healthy comparisons. Current findings generally support the lack of meaningful
differences between performances of patients with frontal and non-flesitais on
proverb interpretation. In general, previous research on the topic of non-éiteyahbe
interpretation has focused on laterality effects rather than otherziatoah to a particular
lobe or area (Thoma & Daum, 2006). Two functional neuroimaging studies have
implicated the importance of the left inferior frontal gyrus, as well asfeeor and
middle temporal regions, in non-literal language processing (Bottihi 084; Rapp et
al., 2004). Since damage to the left posterior inferior frontal gyrus is oftenatssioci
with aphasia, such patients were excluded from the current study, thus preventing the
exploration of their performance on the D-KEFS Proverb Test. In generalyéiowe
patients with DLPC lesions performed slightly worse, although not statlgti Further
research is warranted in this area.

To broadly summarize the results, there were no statistically sagtific
differences between participants with VMPC, DLPC, and non-frontal lesionen e

relatively small sample size and low power, a qualitative analysis oéshés was
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warranted. As a result, several potentially meaningful observations emeiggtaf &ll,

it appears that the D-KEFS Category Fluency and Color-Word Inhibition suirtests
consistently resulted in lower performances of the DLPC group based on the group mea
scaled scores and percentage of participants with performances belovaetikix
percentile. An interesting finding was that the highest percentage ofjgartscwith
VMPC lesions performed at or below the sixteenth percentile on the D-KEF8dgSorti
Test and the Twenty Questions Test (Total number of questions asked), which may
reflect subtle difficulty in categorical reasoning. However, based onaaaenalysis

of the mean group scaled scores, the DLPC group had meaningfully lower baordset
VMPC and non-frontal lesion groups on several measures, while performances of th
VMPC and non-frontal lesions groups were generally more similar.

Do the results of the current investigation support Carl Dodrill’'s conclusion tha
the association between frontal lobe damage and executive dysfunction (asethéss
neuropsychological tests) is one of the most popular myths in the field of
neuropsychology? It appears that this statement may reflect amapldrsation of the
issue. The current investigation suggests that the specification of pantagitar of
damage within the frontal lobes is important in establishing the degree and nah@e of
association between damage to the specific region and performances on teststofeex
functioning. There were meaningful differences in performances ofltR€ [and
VMPC groups that become lost if the groups are combined to form one bigger group of
participants with frontal lobe lesions.

Results also illustrate that the degree of association between frontal lobgeda

and lower performances on measures of executive functioning also depends on the type
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of measure, as well as the criterion used for quantifying group perfoesiéng., mean

group scaled scores or percentage of participants performing in the impageyl r&or
example, when group mean scaled scores were compared, the VMPC group mean for the
D-KEFS Sorting Test was solidly average, indicating no significaatetff VMPC

lesions on test performance. However, when percentage of performances atvahbel
sixteenth percentile was considered, the VMPC group had the highest percentage (36
percent) of the three groups. This point highlights the complexity of defining and
measuring the association between frontal lobe damage and executive dysfusction, a
both terms (frontal lobe damage and executive dysfunction) can be definediplenult

ways, likely changing the association.

Limitations and Directions for Future Research

Several limitations need to be considered when interpreting results of thetcurr
investigation. The first consideration is the limited sampling of D-KEF&umnesa used
in this study. One of the D-KEFS’ potential advantages is that it attemgisitane
guantitative and qualitative methods of performance evaluation, thus providing multiple
indices characterizing performances on each subtest of the battery. Foregxanopl
rates and types, contrast measures, and item completion times have thel potentia
provide highly valuable information about a patient’s performance. However, thatcurre
investigation concentrated only on selected primary measures, thus excludin@gibptent
valuable and informative variables. Future research may show that some of these
variables are more sensitive and specific to frontal lobe dysfunction aydfonction
within a particular region of the frontal lobes. The value and clinical utilithese

variables remains to be examined.



107

Another limitation of the current study is a relatively small sampkethiat may
not have allowed to detect significant group differences. Most lesion studidhiface
limitation due to the sparse number of available participants with welhkcteaized
lesions restricted to a particular brain region. In this regard, the samptd Sizecurrent
study is comparable to sample sizes used in other lesion studies. Neverthieless, f
research should strive to increase sample size in lesion investigations taseyuwate
power.

The current investigation showed that combining individuals with frontal lesions
in one group regardless of the specific lesion location may result in a loss of valuable
information. If participants with lesions in a particular region perform evtiran
participants with lesions in a different region, combining their performancegsmaate a
less meaningful average. This observation supports the value of considering lesions in
different areas of the prefrontal cortex separately.

Notably, individuals included in the Patient Registry commonly participate in
research projects. Most of them have been administered common measures afeexecuti
functioning as part of research or clinical care. These measures indludelgrthe
Trail Making Test (Parts A and B), Controlled Oral Word Association TESW&T;
letter fluency), Category Fluency, and the Stroop Color-Word Interferezste Bince
these measures served as a foundation for some of the D-KEFS measupessibis
that practice effects played a role in performances on some of the D-KES8rete
derived from other commonly-used measures of executive functioning.

Other limitations of the study include the lack on consideration of lesion size and

limited consideration of lesion side. Future research projects should striveg¢esaddr
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these issues. In the current sample, six participants had lesions thabiaepletely
confined to the DLPC region but extended slightly to the neighboring non-frontal
regions. While it is difficult to find patients with lesions strictly confine@ tparticular
area in the brain, such a sample would permit to make conclusions regarding the
consequences of damage to that region with greater certainty. In addgion, le
etiologies varied among patrticipants, which was a confounding variable comgideri
findings that neuropsychological functioning may vary based on lesion etiology
(Anderson et. al., 1990).

The fact that all of the mean group scaled scores of the VMPC and non-frontal
groups were above the'8percentile and all of the mean group scaled scores of the
DLPC group were above the sixteenth percentile was surprising. Asralgaton
based on group mean performances, all groups performed within the average-low average
range on all of the measures. While it may be the case that theseaesultgely reflect
tested abilities, the sensitivity of the D-KEFS to impaired abilitiss akeds to be
considered. The D-KEFS Technical Manual mentions the integration of iadreas
ceilings to ensure appropriateness of the battery for high-functioning indwidunaleed,
the final item on the D-KEFS Tower Test is quite challenging as it recauim@aimum of
26 moves to reach the target tower arrangement. It is possible that inctagking
difficulty has also made the D-KEFS, or at least some subtests on the D-KteEGSoia
aptitude rather than ability. As a result, most individuals achieve scoresanettage
range even after completing few items of the test correctly. By logvéidor effects and

raising ceiling effects, the D-KEFS may not have an adequate rangensfof medium
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difficulty that would increase the discrimination power of its measureghdtur
examination of this issue is critical to determine the clinical utiifitthe D-KEFS.

In clinical practice, performances are generally interpreted inothtext of the
appropriate normative group, as well as personal characteristics of theuadlpatient.
Scaled scores presented in the current study represent interpretation b&ged on t
normative group while interpretation based on individual variables was not included.
Individual variables include the patient’s premorbid level of cognitive functionihg:hw
is usually estimated based on the patient’s educational and occupational hist@ty, as
as performances on measures that tend to remain stable in the face of nalnokgic
or disease (e.g., word reading, vocabulary knowledge, general fund of information).
While some variability in neuropsychological scores is normal and expectedajbiety
of performances should be generally consistent with the estimated premobiuf level
functioning. Therefore, a normatively average score may represent eeralaikness
or even an impairment for an individual whose estimated premorbid cognitive status wa
in the superior range. One direction for future research is to analyze ahendat
individual level comparing each participant’s estimated level of premorbidduamgg to
his or her performances on the D-KEFS. Such an analysis may reveal a disgrepa
between some participants’ estimated premorbid level of cognitive functiomihidpeir
performances on the D-KEFS, which will help inform a more clinically-reieva
interpretation of the results.

Finally, research investigating the ecological validity of exgeutinctioning
measures is limited (Burgess et al., 2006). Neuropsychologists may hypotukgh

real-life activities may be difficult for individuals who perform defeely on certain
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tests of executive functioning but more research is needed to investigdife real
correlates of poor and intact test performances. The majority of lesionsstigdie
anatomical damage as the independent variable, attempting to find measutes $ens
damage in the specific area. It would be interesting to use real-lifautfifcas the
independent variable and attempt to identify measures sensitive to spetififere
difficulties.

Implications for Clinical Practice

Findings of this investigation have implications for clinical practice of
neuropsychology. First of all, the current study provides preliminary infamabout
performances of patients with VMPC, DLPC, and non-frontal lesions on the primary
measures of the D-KEFS. This is valuable because there have been few lesésn studi
using the D-KEFS but the instrument is already widely used in clinical ggadin
addition, the study provided information regarding particular subtests of the D-KRBFS
may be more useful in detecting damage to the VMPC and DLPC. More spegiffcall
group mean scaled scores are considered, the VMPC and non-frontal groups performed
similarly, while the DLPC group tended to perform meaningfully lower on skevktiae
measures, particularly the D-KEFS Category Fluency, Letter Ru&uwdor-Word
Inhibition, and Trails Letter Number Sequencing.

Consideration of percentages of participants who performed at or below the fifth
and the sixteenth percentiles provided an indication of the frequency with which
participants in each group perform in the specified ranges. This informatiobemay
useful to determine the likelihood of a poor performance being associated withedtama

a particular region of the frontal lobes. A greater percentage ofipanis with DLPC
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lesions had lower performances (regardless of which percentile rangengdered) on
the D-KEFS Category Fluency, Color-Word Inhibition, and Trails Letter-Numbe
Sequencing test. Strikingly, fifty seven percent of participants with DEBIGns
performed at or below the sixteenth percentile on the Category Fluenegtsubind fifty
percent — on the Color-Word Inhibition subtest. Combined with information regarding
mean performances in scaled scores, this information suggests that thetesthmmay

be most impacted by damage to the DLPC region.

Interestingly, the group with non-frontal lesions had the highest percentage of
participants performing at or below the sixteenth percentile on the D-KBES Le
Fluency task. This finding suggests that Category Fluency may acteatipte
sensitive to frontal lobe damage, particularly in the DLPC region. This isrgduahe
consistent with Henry and Crawford’s (2004) findings showing that semanticlue
as sensitive to frontal lobe damage as phonemic fluency. It is important for
neuropsychologists to be aware of the fact that the D-KEFS Category yteeshmay
be equally or more sensitive to DLPC lesions in individuals without aphasia than the D-
KEFS Letter Fluency test. Another interesting finding that needs to beigated
further is the highest percentage of participants with VMPC lesions penfpahor
below the sixteenth percentile on the D-KEFS Sorting Test (number of confirmredtcor
sorts in the free sorting condition) and the Total Number of Questions Asked on the
Twenty Questions subtest. Since few measures sensitive to the VMPC darebedra
identified, the finding of increased rate of low average performancestamdadices of

the D-KEFS Sorting Test and the Twenty Questions tests is encouraging.
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Overall, a general overview of the results indicates that the relationshigeoetw
frontal lobe damage and lower performance on the considered measures of the D-KEFS
appears to be stronger, particularly for DLPC lesions, than that of poor peré&asrend
non-frontal damage. However, given the lack of definitive scientific infooman this
issue, neuropsychologists need to exercise caution when localizing brain dasetje ba
on measures of executive functioning. While it is often useful for neuropsychsltmyist
localize brain damage as accurately as possible based on test resudispiimportant
to realize the limitations of neuropsychological instruments in theiryatliocalize
brain damage.

Even if a measure is not found to be sensitive or specific to damage in a particular
brain region, this does not mean that the measure does not provide valuable information
regarding a patient’s cognitive functioning and, possibly, real-life diffes. In fact, a
description of observed difficulties is often as valuable and useful, partyciddahe
patient and his or her family. Most clinical recommendations are based on the
descriptive nature of results, rather than on a specific location of brain damage or
diagnosis.

It is also important to keep in mind that current commonly-used tests of executive
function, including the D-KEFS, sample only a small portion of the complex domain of
executive functioning. Therefore, normal performances may be seen in tesegeal-
life difficulties in some area of executive functioning are clearly ofladde. As an
illustration of this, some of the participants, including E.V.R. mentioned in the
introduction section, had clearly documented difficulties in real-life functg(e.g.,

decision-making, ability to sustain relationships) but performed in the ncamge on
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the D-KEFS, confirming that such tests may not be very effective in ohgtelifficulties
associated with “hot” executive functions. This highlights the importance of cangide
the limited scope of commonly-used tests of executive functioning and the value of a

careful assessment of patients’ functioning in everyday life.
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