Marquette University
e-Publications@Marquette

Dissertations (2009 -) Dissertations, Theses, and Professional Projects

Assessment of Performance Validity During
Neuropsychological Evaluation in Patients with
Epilepsy

Nichelle Rothong
Marquette University

Recommended Citation

Rothong, Nichelle, "Assessment of Performance Validity During Neuropsychological Evaluation in Patients with Epilepsy" (2014).
Dissertations (2009 -). Paper 375.
http://epublications.marquette.edu/dissertations_mu/375

www.manharaa.com



http://epublications.marquette.edu
http://epublications.marquette.edu/dissertations_mu
http://epublications.marquette.edu/diss_theses

ASSESSMENT OF PERFORMANCE VALIDITY DURING
NEUROPSYCHOLOGICAL EVALUATION
IN PATIENTS WITH EPILEPSY

by

Nichelle D. Rothong, MS

A Dissertation submitted to the Faculty of the Grateé School,
Marquette University,
in Partial Fulfilment of the Requirements for the
Degree of Doctor of Philosophy

Milwaukee, Wisconsin

August 2014

www.manharaa.com




ABSTRACT
ASSESSMENT OF PERFORMANCE VALIDITY DURING
NEUROPSYCHOLOGICAL EVALUATION
IN PATIENTS WITH EPILEPSY

Nichelle D. Rothong, MS

Marquette University, 2014

Patients with epilepsy are considered a motivptgallation without clear
incentive to perform suboptimally on neuropsychatabtesting. However, in the limited
research exploring performance validity testing TPWh patients with epilepsy, the base
rate of suboptimal performance has ranged fromill, Ryan, Kennedy, & Malamut,
2003) to 28% (Loring, Lee, & Meador, 2005). Theselihgs are concerning, as
suboptimal PVT scores have been found to be agedaidth significantly lower
neuropsychological performance across most cognidomains (e.g., Green, Rohling,
Lees-Haley, & Allen, 2001).

One possible explanation for the variance in waseof suboptimal performance
is the significant cognitive impairment commonlgasiated with epilepsy (Bortz, 2003).
The present study investigated this unexploredrihiey utilizing the Word Memory Test
(WMT). The WMT is a PVT that indicates whether sobelow failure cutoff likely
reflect suboptimal performance or significant caigei impairment, a determination
made by General Memory Impairment Profile (GMIPalgais. Using WMT normative
cutoffs, patients in the current study were categorinto optimal, suboptimal, and
GMIP performance groups. Subsequently, differelacesng groups on a variety of
neuropsychological measures were explored. Thdityabf the GMIP was also
examined to provide support for its use with tlepgation.

Findings indicated that 43% of the sample felbitite WMT optimal group, 36%
into the suboptimal group, and 21% into the GMIBugr. Although WMT performance
accounted for 29% of the variance in overall nesyspological performance, PV did
not impact all cognitive domains equally. WMT penfance groups scored significantly
differently across most neuropsychological measyoasents in the suboptimal and
GMIP groups typically obtained significantly lowsrores than patients in the optimal
group. Results also largely supported the validitthe GMIP in its ability to identify
WMT scores below failure cutoff due to borderlinemory impairment. Overall, current
findings encourage the use and further investigatidche WMT and GMIP analysis in
patients with epilepsy.
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CHAPTER I: INTRODUCTION

Background Context

During neuropsychological assessment, neuropsgglsté must examine the
validity of test performance, determining whethbs@rved low test scores are due to
neurological illness or injury, or instead refleetiof suboptimal performance (Binder,
1990; Binder, 1993; Green, 2001; Slick, Shermatvyeson, 1999). Determination of
performance validity (PV) is an important part eunopsychological assessment as
results are used to assist in formulating diagnasgsessions, and recommendations.
Neuropsychological test results may also be us¢keashain source of evidence to
support or refute claims for financial compensatiGuilmette, Hart, & Guiliano, 1993;
Slick et al., 1999).

Stand-alone forced-choice performance validityst@BVTs; Larrabee, 2012)
have been found to be the most sensitive and spewa#thod for determining the validity
of test scores during neuropsychological evalugtitgilbronner et al., 2009; Vickery,
Berry, Inman, Harris, & Orey, 2001). PVTs are dasijto appear more difficult than
they actually are (Heilbronner et al., 2009; Inn8aBerry, 2002), so much so that
individuals with known neurologic, psychiatric, adelvelopmental disorders typically
perform normally (Heilbronner et al., 2009; Swdé99). PVTs are designed to be
relatively insensitive to genuine cognitive impagmb and the effects of psychological
illness but sensitive to suboptimal performancefBhini, Mathias, & Greve, 2001).

Much of the research investigating PV has beenwcied with patients who

report cognitive symptoms yet have no apparentdgfon neurological testing (e.g.,
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mild traumatic brain injury [mTBI]) (Binder, 1990%uch patients are frequently seeking
compensation for an alleged injury or involveditigation, both of which can serve as
external incentives to perform suboptimally onitestResearch examining PVT scores
in this population has largely demonstrated thaBimJatients involved in litigation or
seeking compensation perform significantly worsd”dT's than patients with moderate
to severe head injuries not seeking compensatign @&nder & Kelly, 1996; Boone &
Lu, 2007; Green & Iverson, 2001; Greiffenstein, 8a& Gola, 1994; Slick et al., 2003).
Overall, the estimate of suboptimal performancenduneuropsychological evaluation in
the mTBI population is 40% (Larrabee, 2003; Larg®#905). However, poor scores on
PVTs are not limited to the mTBI population. Higttes of suboptimal performance have
also been found in other compensation-seekingmagt@pulations without brain injuries,
such as patients with chronic pain (42%; Gervarge@, Allen, & Iverson, 2001a),
fiboromyalgia (44%; Gervais et al., 2001b), and toekposure (40%; Greve et al., 2006a;
56.7%; Greve et al., 2006b).

Studies have also found evidence of poor PVT scioreatients not seeking
compensation or involved in litigation. One suclhigre group is the epilepsy population.
Patients with epilepsy are considered to be mao/&r neuropsychological testing with
no apparent external reasons (e.g., financial ines) to underperform. They are
usually not being evaluated as a component oigatibn or disability case; in fact, they
may already be receiving disability due to theitegsy. However, research has shown
that it cannot be assumed that all patients witlepgy perform optimally during
neuropsychological testing. In the limited amouintesearch specifically aimed at

exploring PVT scores in patients with epilepsy, Ilase rate of suboptimal performance
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has been found to range from 4 (Hill, Ryan, Kennédialamut, 2003) to 28% (Loring,
Lee, & Meador, 2005). Reasons for suboptimal peréorce in this population are
unknown. Therefore, further exploration is called fwhich constitutes one of the
purposes of the current study. However, regaradiessderlying reasons, poor PVT
scores are apparent in patients with epilepsy. & pesr scores are concerning and
require further investigation, as poor PVT scomesassociated with significantly lower
test scores across most cognitive domains (ComstantBauer, Ashendorf, Fisher, &
McCaffrey, 2005; Green, Lees-Haley, & Allen, 20@een, Rohling, Lees-Haley, &
Allen, 2001). This is especially problematic fotipats with epilepsy, as results of
neuropsychological testing are used to assessredaaralization, pre- and post-surgical
cognitive functioning, and psychiatric status.

Statement of the Problem

There is limited research specifically examininglB in patients with epilepsy.
In the research that does exist, the base ratgboipgimal performance on such tests has
been found to vary from 4 (Hill et al., 2003) to?28Loring et al., 2005). As patients
with epilepsy are considered to be motivated farapsychological evaluation, this wide
range of suboptimal performance on PVTs is unexgokeahd requires further
investigation. Such an investigation would not dmiyp clarify the base rate of
suboptimal performance in this population, but raEp shed light on possible
explanations for this variance in base rate.

Reasons for the variance in base rate of suboppieréormance in patients with
epilepsy remain unknown and largely unexplored. possible explanation for this

variance is the significant cognitive impairmentgoonly associated with epilepsy
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(Bortz, 2003), although this theory needs to béhkrrexplored. For example, Drane et al.
(2006) suggested that profound cognitive impairnti&ety explained four epilepsy
patients’ low scores on the Word Memory Test (WNBFeen, Allen, & Astner, 1996), a
measure thought to be largely insensitive to sigaiit cognitive impairment (Goodrich-
Hunsaker & Hopkins, 2009; Green & Allen, 1999). Hwer, this study was limited due
to its small samples size and because WMT Genuigr@addy Impairment Profile
(GMIP) analysis was not employed. GMIP analysisadatés whether WMT scores
below failure cutoff £ 82.5% on the Immediate Recognition [IR], Delayegt&gnition
[DR], or Consistency [CNS] subtests) are likely dosignificant cognitive impairment
or instead to suboptimal performance. GMIP analysislves computing the difference
between the mean of the WMT easy subtests (IR,@D&,CNS) and the WMT hard
subtests (Multiple Choice [MC], Paired Associates], and Free Recall [FR]). A GMIP
is defined as at least a 30-point difference betwthe mean of the WMT easy and hard
subtests, and suggests that WMT scores below éatlutoff are likely due to significant
cognitive impairment rather than suboptimal perfance. Given the limitations of the
Drane et al. study, and the absence of other rdseaploring possible reasons for the
varying base rate of suboptimal performance inplisulation, further investigation is
warranted.

Secondly, there is a lack of research examiningedtaionship between PVT
scores and neuropsychological test scores in titepsp population. The few studies that
have explored this relationship have found that goores on PVTs were generally
associated with lower scores on neuropsycholotgsa$ (Dodrill, 2008; Drane et al.,

2006; Locke, Berry, Fakhoury, & Schmitt, 2006; layiet al., 2005). However, only
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Drane et al. excluded likely false positives (patsevho likely perform suboptimally on
PVTs due to significant cognitive impairment) bef@onducting their analyses. It is
therefore possible that the findings of Dodrill,dke et al., and Loring et al. are
confounded by data from patients with significang@itive impairment. Thus,
conclusions about the relationship between PVTescand neuropsychological test
scores in this population may be inaccurate, artiédu examination is warranted.

Purpose of the Study

The first purpose of this study is to investigagefprmance on all subtests of a
highly sensitive and specific PVT, the WMT, in atis with epilepsy. Patients will be
categorized into one of the following groups basedVMT scores: optimal performance,
suboptimal performance, or GMIP. By utilizing GMdRalysis, this study will seek to
differentiate patients who score below failure ¢ubm the WMT due to suboptimal
performance from those who score below failure ffuhoe to significant cognitive
impairment. The use of GMIP analysis has not yenlexplored in patients with
epilepsy, and may uncover that a significant nunabgatients with epilepsy score
below failure cutoff on the WMT due to significasdgnitive impairment andot due to
suboptimal performance. Therefore, employing GViBlgsis may help clarify the
varying published base rate of poor PVT scores @886) in this population. This
clarification would be helpful because patientdwépilepsy are considered to be
motivated for testing, and therefore, not expetteobtain low PVT scores.

The second purpose of this study is to exploredlaionship between WMT
performance and neuropsychological test scoreatiengs with epilepsy. This

relationship will be explored by examining diffeoes among each WMT group’s
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neuropsychological test scores. Only four studaselexplored the relationship between
PVT scores and neuropsychological test scorestiara with epilepsy, two of which
(Dodrill, 2008; Drane et al., 2006) only employemttpns of the WMT. Using the WMT
GMIP, this will be the first study to remove likefigise positives (patients who perform
suboptimally on the WMT likely due to significaragnitive impairment) from the
suboptimal performance group before investigatiregrelationship between poor WMT
scores and neuropsychological test scores. Adaiygrthis will be the first study to
explore the relationship between GMIPs and neurdpspgical test scores.

As such, the final purpose of this study is tolesgthe validity of the GMIP in
patients with epilepsy. More specifically, thisdjuseeks to examine whether or not
GMIP scores are associated with impaired performamcneuropsychological memory
tests. If GMIP scores are associated with memopaimrment, this association would
provide support for the validity of the GMIP in mdying patients who perform below
WMT failure cutoff due to significant cognitive irmpment. If no significant relationship
is found, questions about the validity of the GNHRhis population will be raised, as it
would be anticipated that patients who receive aBstore of 30 would also have
impaired memory test scores if the GMIP accuratiytifies the presence of significant
cognitive impairment. This study will also expldre validity of the GMIP by examining
how much each of the WMT subtests, as well as oactsid PV and memory composites,
explains total GMIP score. Investigations of thédrey of the GMIP have yet to be
conducted in patients with epilepsy.

Implications of the Study
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Significant findings from the present study seskiform clinical practice and
future research. This study aims to clarify theyirag base rate of suboptimal
performance on PVTs in patients with epilepsy tgifothe use of WMT GMIP analysis.
If GMIP analysis reveals that a significant numbgpatients score below WMT failure
cutoff due to significant cognitive impairment, mepsychologists would be encouraged
to administer all WMT subtests so that GMIP sca@aas be computed. GMIP analysis
may therefore aid neuropsychologists with the priegation of WMT results in this
population.

This study also seeks to investigate the relatignisetween WMT performance
and neuropsychological test scores in patients @ptlepsy. If results indicate that
patients who perform suboptimally on the WMT hagmiicantly lower
neuropsychological test scores than patients whHonpe optimally on the WMT,
neuropsychologists would be encouraged to use & With epilepsy patients to
identify those who underperform. Significantly lowd test scores due to suboptimal
performance are problematic for patients with gq@le as such scores are used to inform
neuropsychologists’ impressions about seizuredaration, pre- and post-surgical
cognitive functioning, and psychiatric status. Theapressions may be inaccurate if
suboptimal performance is not identified through tise of a PVT like the WMT.
Neuropsychologists should mention evidence of stilmah performance during testing
in their reports and note that test results likelgerestimate the patient’s optimal
abilities and should be interpreted with caution.

The present study additionally seeks to investigia¢ validity of the GMIP in

patients with epilepsy. If findings from the curtestudy support the validity of the GMIP,
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neuropsychologists would be encouraged to use Givi#ysis in order to differentiate
epilepsy patients who score below WMT failure clithfe to significant cognitive
impairment from those who score below WMT failutgaff due to suboptimal
performance. Further, results supporting the vglidi the GMIP in patients with
epilepsy may lead to future research employing&T GMIP with other populations,
especially those with significant cognitive impaént. Such studies may help clarify the
high false positive rates of other PVTs (e.g., Tlet of Memory Malingering [TOMM];
Tombaugh, 1996) in patients with significant coymiimpairment (e.g., dementia).

Research Questions

1. What are the base rates of optimal, suboptimal G¥dP performance as
measured by the WMT?
2. Are there differences on WMT subtest scores amoMjiMgroups (optimal
performance, suboptimal performance, and GMIP)?
3. Are there differences in neuropsychological testas among WMT groups?
4. What is the relationship between GMIP scores andescon
neuropsychological memory tests?
5. How much does each of the WMT subtests explain @tdlP score?
To answer these questions, WMT and neuropsychaadbtgst data from patients
with epilepsy will be retrospectively analyzed @gsone-way analyses of variance
(ANOVASs), multiple regressions with dummy codingdasimple linear regression.

Definition of Terms
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Performance validity (PV): “the validity of actuability task performance,
assessed either by stand-alone tests such as Dati@por by atypical performance on
neuropsychological tests such as Finger Tappingfrélbee, 2012, p. 626). In this study,
PV will be assessed by the WMT.

Performance Validity Tests (PVTs): measures thirify the extent to which a
person’s test performance is or is not an accuedliection of their (sic) actual level of
ability” (Larrabee, 2012, p. 626). PVTs have beemmonly referred to as symptom
validity tests (SVTs) or effort tests in the literee; however, as effort continues to
remain a poorly defined construct and as symptoiditsamore appropriately describes
“the accuracy of symptomatic complaint on self-m¢poeasures” (Larrabee, 2012, p.
626), the more accurately descriptive term of PMIT lve used in this study.

Sensitivity: the true positive rate (hit rate) fotest; that is, the number of
individuals with a condition who have positive tessults divided by all individuals with
the condition (Hennekens & Buring, 1987). Thus,ghasitivity of a PVT indicates the
number of subjects performing suboptimally whoidemntified as such by the PVT
divided by all subjects performing suboptimallygHisensitivity indicates that the
majority of subjects performing suboptimally on\&TPare identified as such. Low
sensitivity indicates that a certain cut score poas$ a substantial number of false
negative errors, which means that a percentagebpésts performing suboptimally go
undetected.

Specificity: the true negative rate; that is, tluenber of individuals without a
condition who have negative test results divide@lbyndividuals without the condition

(Hennekens & Buring, 1987). Thus, the specificityad®VT indicates the number of
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subjects performing optimally who are identifiedsash by the PVT divided by all
subjects performing optimally. High specificity indtes that the majority of subjects
performing optimally on a PVT are identified aslsulcow specificity indicates that a
certain cut score produces a substantial numbiis# positive errors, which means that
a percentage of subjects performing optimally aisclassified as performing
suboptimally.

Malingering: Slick et al. (1999) defined the mgkming of neurocognitive
dysfunction as

The volitional exaggeration or fabrication of cagre dysfunction for the

purpose of obtaining substantial material gaimvaiding or escaping formal

duty or responsibility. Substantial material gainludes money, goods, or

services of nontrivial value (e.g., financial compation for personal injury).

Formal duties are actions that people are legdlligated to perform (e.g., prison,

military, or public service, or child support paymte or other financial

obligations). Formal responsibilities are thosé theolve accountability or

liability in legal proceedings (e.g. competencytand trial) (p. 552).

Simulators: “normal,” non-injured subjects, oftmrilege students, who have been
instructed to simulate (fake) memory impairmentagnitive deficit in anticipation of
monetary compensation (Bianchini et al., 2001; &&Hook, 2007). Simulators may be
coached as to the best way(s) to avoid detectiaulobdptimal performance or provided

with specific instructions designed to maximizeitiadility to effectively malinger

(Grote & Hook, 2007; Inman & Berry, 2002). Simuletanay also be uncoached (naive).
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CHAPTER II: LITERATURE REVIEW

Overview of Performance Validity Testing

History

Neuropsychologists must examine the validitysst performance, determining
whether observed deficits due to neurological gker injury, or are instead feigned or
exaggerated (Binder, 1990; Binder, 1993; Green1280ck et al., 1999). This task may
be difficult because, at times, individuals mayggerate or malinger for apparent
secondary gain (Bush et al., 2005; Heilbronnet.eP809). In addition, some individuals
may underperform, either intentionally or unintentilly, and may be skilled at
preventing detection (Larrabee, 1992; Slick etl#199). The reasons for
underperformance are unclear and have not beerstudiled.

Psychologists’ subjective assessments of PV arithgeaing have been found to
be inaccurate (Faust, Hart, & Guilmette, 1998; Eddart, Guilmette, & Arkes, 1988;
Heaton, Smith, Lehman, & Vogt, 1978). This inaccyran subjective assessment is
concerning, as high rates of poor scores on obg&V measures have been found in
compensation-seeking patients who report subtleiteg symptoms (e.g., 42% of
chronic pain patients seeking disability; Gervdiale 2001a; 41% of patients with mTBI
seeking compensation or involved in litigation; tditberg, Patton, Canyock, & Condit,
2002) and in non-litigating patients with signifittacognitive impairment (e.g., 28% of
epilepsy surgical candidates; Loring et al., 208&sides the presence of secondary
gains, reasons for poor scores on PVTs have notstadied and remain largely

unknown; however, it is clear that a substantiabant of patients perform suboptimally.
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As such, the American Academy of Clinical Neuropm}ogy (AACN) and the National
Academy of Neuropsychology (NAN) advocate for n@ssaechologists to move beyond
clinical judgment and strongly recommend formakassent of PV regardless of
whether a financial incentive to exaggerate cogaitmpairment exists (AACN, 2007,
Bianchini et al., 2001; Boone, 2007; Boone, 2008siBet al., 2005; Heilbronner et al.,
2009; Lynch, 2004; Slick et al., 1999).

The roots of performance validity testing (PVT)ilethe application of operant
learning methods in which an individual’'s behavgomodified by consequences (e.qg.,
reinforcements, punishments, extinction). Brady kind (1961) used such methods to
detect feigned neurological symptoms in a patidttt fwsterical blindness. Grosz and
Zimmerman (1965) reassessed Brady and Lind’s gatese years later using a forced-
choice method. Slightly modifying the techniquesdiby Brady and Lind and Grosz and
Zimmerman, Theodor and Mandelcorn (1973) utilizeéd@-alternative, forced-choice
procedure to investigate hysterical blindness.9n5l Pankratz, Fausti, and Peed applied
such methods to investigate hysterical or malindjsensory deficits. Essentially, these
early versions of modern-day PVTs began to quamtdgnsistencies between ability and
performance.

In 1983, Pankratz applied the two-alternative, édrchoice technique to assess
the validity of memory deficits in a method he edl'symptom validity testing (SVT).”

In SVT, a stimulus is presented followed by twe@aiative stimuli (one target and one
foil) from which the patient must select the cotnesponse. The patient has a 50%
probability of guessing the correct answer. Pasi@ttiempting to exaggerate or feign

disability will perceive that a 50% hit rate is teoccessful (Pankratz, 1983; Pankratz et
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al., 1975), and will therefore attempt to appearenmpaired than they actually are. In
doing so, they will score poorly, and, at timesysethan chance (Grosz & Zimmerman,
1965; Theodor & Mandelcorn, 1973; Pankratz etl®75). Below chance level of
performance signifies that the patient recognizeeect responses (targets) but instead
intentionally chooses incorrect responses (foBshder, 1990; Pankratz, 1983; Vickery
et al., 2001). Although Reynolds (1998) argued Wnatse-than-chance performance is
neither random nor based on chance and insteadedefpurposive distortion” (p. 272),
it is difficult if not impossible to determine orseintent in performing poorly on a SVT
(Boone, 2007).

Pankratz’s (1983) SVT procedure has been adaptaskstss various sensory
deficits (e.g., blindness, color blindness, blunsion, tunnel vision, deafness) and
memory complaints (Pankratz, 1988). In 1989, Hikanud Hiscock further refined
Pankratz’s SVT procedure with the advent of whatloa considered the first stand-alone
forced-choice PVT, the Digit Memory Test (DMT). TB®T consists of 72 trials (three
24-item blocks) in which a five-digit number strirggpresented followed by a 5, 10, or
15-second delay (delays increase with each blawi)tlaen a two-choice recognition trial.
Performance is based on scoring above or significelow chance.

Currently, the design created by Hiscock and Hik@989) generally serves as
the foundation of most PVTs used today (Bianchirale 2001). The majority of such
tests involve the presentation of visual or vesgtahuli followed by forced-choice
recognition trails (Bianchini et al., 2001; Bickaxeyer, & Connell, 1991). Most PVTs

rely on a recognition memory format and appearetassessing memory, but actually
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very little memory is required to perform well (Guette, Hart, Guiliano, & Leninger,
1994; Heilbronner et al., 2009; Inman & Berry, 202

As noted in Chapter |, individuals with known nelagic, psychiatric, and
developmental disorders typically perform well ongahPVTs (Heilbronner et al., 2009;
Sweet, 1999), providing support for their relatingensitivity to significant cognitive
impairment and the effects of psychological illnégsecificity). In contrast, research has
consistently demonstrated that compensation-sekikig@ting patients who report subtle
cognitive symptoms (e.g., mTBI) perform signifidgntzorse on PVTs than do patients
with similar or worse injuries or disorders who ag seeking compensation or involved
in litigation (e.g., Binder & Willis, 1991; Constanou et al., 2005; Gierok, Dickson, &
Cole, 2005; Green, Iverson, & Allen, 1999; Greenlet2002; Green et al., 2001). These
findings support the sensitivity of such testsubaptimal performance. The underlying
basis of PVT is that individuals who perform suldmgatly during evaluation will receive
an improbably low score on these seemingly diffitests, when, in fact, they should be
performing normally (Bickart et al., 1991).

Methods for scoring PVTs.As previously noted, the probability of a correct
response on a two-alternative forced-choice te80% (Theodor & Mandelcorn, 1973).
The probability of attaining any given score cardeeermined by referring to a table of
binomial probabilities (Bickart et al., 1991). Bging this table, scores can be determined
to be either significantly above or below chancel aubsequently interpreted as
indicative of optimal or suboptimal performancer Egample, if a PVT has 50 forced-
choice trials, an individual would be expected Ibtain a score of approximately 25

correct and 25 incorrect simply by guessing. I§ thidividual were to obtain a score of
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17, this would indicate suboptimal performance aodld only be expected to occur by
chance about 16 out of 1,000 times. However, mecently, research has indicated that
the significantly below-chance level of performaihees low sensitivity for identifying
suboptimal performance or malingering (Binder, 20B&ote et al., 2000; Guilmette et al.,
1993; Hiscock, Branham, & Hiscock, 1994; Martin|tBg Todd, Gouvier, & Niccolls,
1993; Martin, Hayes, & Gouvier, 1996). These stadaind that a substantial number of
feigning individuals, especially those involveditigation, scored above chance (e.g.,
>50% correct) on various PVTSs, yet significantlydve performance expectations given
their actual, or, in the case of simulation studiesgned, injury status. For example,
Guilmette et al. found that only 34% of simulatasked to feign memory impairment on
the DMT scored significantly below chance. Martirak found that only 28% of
simulators scored significantly below chance inthaostudy using the same measure.

Findings from these and the additional above-egfeed studies led to the
creation of two methods for determining above-cleangoff scores (Bianchini et al.,
2001). The first method — the statistical approacises a fixed, random, numeric cut
score (e.g., 90% correct) to interpret performaii&e second method — the normative-
based approach — utilizes empirically derived cotas based on the performance of
individuals with documented brain damage withouwt lamown motivation or external
incentives to malinger or exaggerate difficultiBan@er & Willis, 1991; Guilmette et al.,
1993). Overall, below-chance level of performanadP®Ts is a relatively rare
phenomenon and has low sensitivity for identifysulpoptimal performance. As such,
over time, scoring procedures have been modifiextder to be more sensitive to

suboptimal performance and malingering.
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Neuropsychologists’ Current Practices in AssessingV

Presently, it appears that neuropsychologistt@eeing the advice of the AACN
and NAN. Five studies examining neuropsychologigtatctices in assessing PV revealed
that the majority of respondents, ranging from®8%%, reported using at least one PVT
during evaluation (Lally, 2003; Mittenberg et &Q002; Rabin, Barr, & Burton, 2005;
Sharland & Gfeller, 2007; Slick, Tan, Strauss, &tslch, 2004). The results of these
studies suggest that neuropsychologists most fretyugse the TOMM and Rey 15-Item
Test (FIT; Rey, 1964), followed by the WMT. Swe20{1) and others (e.g., Bush et al.,
2005; Heilbronner et al., 2009) have recommendatRNT become a standard of
practice, and survey results indicate that neurdpspgists are moving in that direction.

Types of PVTs

The two forms of PVT include embedded indices andard neuropsychological
tests (e.g., Reliable Digit Span [RDS]; Greiffemstet al., 1994; Vocabulary-Digit Span
[VDS]; Mittenberg, Theroux-Fichera, Zielinski, & Hieronner, 1995) and stand-alone
measures used solely to measure PV (e.g., WMT, DEiMbedded measures will not be
reviewed, as they are not relevant to this studinégally, stand-alone PVTs have been
found to have moderate levels of sensitivity amdrej levels of specificity. Stand-alone
measures can be subdivided into non-forced-chaidda@ced-choice.

Non-forced-choice PVTsNon-forced-choice PVTs are measures that permit a
range of responses (Heilbronner et al., 2009)rdieoto identify suboptimal performance,
these tests may assess random responding, extreloelpr incorrect responding, and

inconsistency of response patterns (Heilbronnat.e2009). The FIT is the most
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frequently used non-forced-choice PVT (Lees-Hamjth, Williams, & Dunn, 1995;
Sharland & Gfeller, 2007; Slick et al., 2004). Qthen-forced-choice PVTs include the
Rey Dot Counting Test (DCT; Rey, 194h)Test (Boone, Lu, & Herzberg, 2002; Boone
et al., 2000), and the Rey Word Recognition TesR{WRey, 1941). Research has found
that non-forced-choice measures (e.g., FIT) terzkttess sensitive and specific than
forced-choice tests (e.g., Reznek, 2005; Vickergl.e2001).

Forced-choice PVTsForced-choice tests are the most common type of PVT
employed during neuropsychological assessment @&ou, 2007; Nitch & Glassmire,
2007). These measures rely on a forced-choice n&omy memory format in which
subjects are presented with a set of target sti(walrds, numbers, or pictures). They are
then shown pairs of stimuli (targets and foils) amast choose the target items (Boone &
Lu, 2007; Heilbronner et al., 2009). Forced-chd£Ts include the DMT, WMT,
TOMM, Portland Digit Recognition Test (PDRT; Bingd@©093; Binder & Willis 1991),
Victoria Symptom Validity Test (VSVT,; Slick, Hopg, Strauss, 1995; Slick, Hopp,
Strauss, & Thompson, 1997), Computerized Assessaidtesponse Bias (CARB; Allen,
Conder, Green, & Cox, 1997; Conder, Allen, & C0892), Validity Indicator Profile
(VIP; Frederick, 1997; Frederick & Crosby, 2000)edical Symptom Validity Test
(MSVT; Green, 2004), and Non-Verbal Medical Symptdaiidity Test (NV-MSVT;
Green, 2006). Forced-choice PVTs have been vatidaii various populations,
including patients with neurological injuries osdrders, psychiatric disorders, and
medical illnesses (e.g., Binder & Willis, 1991; @en et al., 1992; Frederick & Crosby,

2000; Iverson, Green, & Gervais, 1999; Slick, Hoppauss, & Spellacy, 1996;
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Tombaugh, 1996). These measures tend to be maoseigemnd specific when compared
to non-forced-choice PVTs (Heilbronner et al., 200@kery et al., 2001).

Overall, the WMT has been found to be the mossitiga and specific forced-
choice PVT (Drane et al., 2006; Green & Allen, 19G%en, 2005; Iverson et al., 1999;
Tan, Slick, Strauss, & Hultsch, 2002). Throughuke of GMIP analysis, it also provides
information on whether low scores are likely dusigmificant cognitive impairment or
suboptimal performance. This is a useful featuat duldresses weaknesses found in
other PVTs, such as the high false positive ratéiseoTOMM, FIT, and DCT when used
with patients with profound cognitive impairmentge dementia and mental retardation).
Despite this strength, few studies (Green, Flar@&durtney, 2009; Green, Montijo, &
Brockhaus, 2011; Henry, Merten, Wolf, & Harth, 206@®we, Anderson, Kaufman,
Sachs, & Loring, 2007; Howe & Loring, 2009; Singh@alreen, Ashaye, Shankar, & Gill,
2009) have employed GMIP analysis. Overall, resaflthese studies strongly supported
the application of GMIP analysis to WMT, MSVT, aRN¥-MSVT results in patients
with significant cognitive impairment such as teaen in dementia. Specificity rates in
the 90s (as high as 98%; Green et al., 2011) hage achieved using GMIP analysis on
WMT, MSVT, and NS-MSVT scores in patients with pbgs mild cognitive impairment,
probable dementia, and other neurological disordsssciated with significant cognitive
impairment (e.g., Henry et al., 2009; Howe et2007; Howe & Loring, 2009).
Additional studies utilizing GMIP analysis would bble to improve classification
accuracy (i.e., reduce false positives) in othéiepapopulations likely to have

significant cognitive impairment (e.g., epilepsyleaning that such patients would be
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identified as scoring below failure cutoff due tgrsficant cognitive impairment and not
due to suboptimal performance.

Critical Nature of PVT within Neuropsychological Assessment

As noted in Chapter |, PVTs have become a cripeal of neuropsychological
assessment. Low scores on these measures cajuestion the validity of
neuropsychological test results (Constantinou.eR8D5; Green et al., 2002, Green et al.,
2001) and raise concerns regarding the validityyofiptoms being reported. Questions
about the validity of test results and reported jgygms impact the neuropsychologist’s
ability to accurately make diagnoses, prognoseas agpropriate referrals (Constantinou
et al., 2005).

A few studies have explored the relationship betwVT scores and
neuropsychological test scores. In a study of ¥iérogeneous outpatients who
underwent neuropsychological evaluation as paat@mpensation claim or litigation,
Green et al. (2001) found that a PV composite inderprised of scores from the WMT,
CARB, and California Verbal Learning Test) accoudnfer 49 to 54% of the variance in
overall neuropsychological performance. PV expldim®re score variance than injury
severity, demographic variables, and neuropsychwdbtest scores. Of the measures
used in this study, the WMT was the best predictaverall neuropsychological
performance. Patients who did poorly on the WMTindécated by scores below failure
cutoff, performed significantly worse on neuropsylcgical tests than those who scored
above failure cutoff. WMT scores below failure dfitdso suppressed overall

performance 4.5 times more than did moderate-tereebrain injury. These data suggest
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that suboptimal performance on the WMT more strppgédicts neuropsychological test
scores than brain injury or neurological disease.

Other studies have found similar results. Usirgg@neen et al. (2001) sample,
Green et al. (2002) found that the average of thdTWR, DR, and CNS scores
accounted for 49% of the variance in overall nesyahological profile(=.70).
Similarly, Rohling, Allen, and Green (2002) fourht a PV composite (comprised of the
CARB total score and the average of the WMT IR, BRJ CNS scores) accounted for
36 to 45% of the variance in overall neuropsychalalgorofile ¢ = .67) in 561 patients
with various disorders involved in compensationroka More recently, using the Green
et al. (2001) database plus 403 additional caser32007) found that patients who
scored in the bottom WMT performance range (medRpDR, and CNS scores50%)
scored approximately two standard deviations bélmsge in the top performance range
(91-100%) on eight neuropsychological tests. Cantistau et al. (2005) retrospectively
analyzed neuropsychological data and TOMM scos 89 litigants with mTBI.
Results indicated that poor performance on the TO8dlained 47% of the variance in
the overall neuropsychological deficit score onltadstead-Reitan Neuropsychological
Battery for Adults (HRNB-A; Reitan & Wolfson, 19933imilar to Green et al.’s (2001)
findings, litigants who performed poorly on the T®MDbtained neuropsychological test
scores that were much lower than what is typicatlgected from mTBI patients and
significantly lower than the litigants who receivieigh scores on the TOMM. Finally,
Stevens, Friedel, Mehren, and Merten (2008) folmadl poor performance on the WMT

and MSVT explained up to 35% of the variance inrapgychological test scores in a
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retrospective analysis of data from 233 WorkersmPensation Boards patients and
personal injury litigation claimants.

The above findings highlight the critical natufePR¥T during neuropsychological
evaluation, as PVT scores have been found to até¢ouap to 54% of the variance in
neuropsychological test scores. Further, thesenigsdsupport Green et al.’s (2002)
statement that failure on PVTs most likely leadsuboptimal scores on other tests. The
above findings have led to the recommendationrtkatopsychologists employ PVT
with all patients so that low neuropsychologicak tecores are not automatically
attributed to neurological injuries or disordersyghiatric disorders, or medical illnesses.

PVT in Patients with Epilepsy

Epilepsy, also known as seizure disorder, is a comneurological disorder that
affects individuals cognitively, psychologicallyyéphysically (Epilepsy Foundation of
America [EFA], 2010; Schachter, 2009; Sirven, 206 search has demonstrated that
patients with epilepsy may have impairments in oneore areas of cognitive or motor
functioning (Bortz, 2003; Ettinger & Kanner, 200gnes-Gotman et al., 2010).
Additionally, psychological difficulties (e.g., degssion, anxiety, psychoses, attention
and impulsivity problems, and personality and bé&braV disorders) are present in a large
number of patients with epilepsy, sometimes in greaumbers than the general
population (Bortz, 2003; Ettinger & Kanner, 200%&44den, Lossius, & Gjerstad, 2008;
Marcangelo & Ovsiew, 2007; Moore & Baker, 2002; &ad& Sadock, 2007; Torta &
Keller, 1999). Although much research has been @evio the study of
neuropsychological functioning in epilepsy, thisearch has not typically included PVTs

(Locke et al., 2006). As previously noted, if pateedo not perform to the best of their
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ability during evaluation, test results may be i/éGreen et al., 2002), or, at the very
least, underestimate their true abilities. Thisgpecially troublesome for patients with
epilepsy, as the results of neuropsychologicaluatain are used to help lateralize
seizure focus, determine pre- and post-surgicaniteg functioning, and assess
psychiatric status.

There is limited research specifically focused sgeasing PV within the epilepsy
population. Instead, many studies have includeipat with epilepsy as neurological
controls to demonstrate that PVTs are largely isg®e to significant cognitive
impairment. Several studies (Binder & Willis, 19@reen et al., 2001; Grote et al.,
2000; Prigatano, Smason, Lamb, & Bortz, 1997; Rwhét al., 2002; Slick et al., 1996)
found that epilepsy patients tended to performepeth PVTs than simulators,
compensation-seeking patients with head injury, @attents suspected of malingering.
These findings appear to support the contentionRNd s are relatively insensitive to
significant cognitive impairment, but, as will bestribed below, larger studies of
patients with epilepsy challenge these conclusions.

Most studies examining PVTs within the epilepsyydapon have used these
measures to aid in the differential diagnosis afgpds with epilepsy and patients with
psychogenic nonepileptic seizures (PNES), a corres somatoform disorder not
caused by underlying neuropathology. In such sgjdievas presumed that patients with
epilepsy would perform better on PVTs than patievita PNES, as they typically lack
external incentives to perform poorly and are cdei®d to be motivated for testing.
Consistent with this presumption, Binder, Salinskyd Smith (1994) and Binder,

Kindermann, Heaton, and Salinsky (1998) found plagients with epilepsy scored
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significantly higher on the PDRT than patients WRES. Contrary to these findings,
however, Hill et al. (2003) found no differencenmean performance across TOMM trials
in 48 patients with epilepsy and 57 patients wiNES. Reasons for this discrepancy in
findings have not been specifically investigategatients with epilepsy, but studies with
other populations suggest that the TOMM may naadeensitive or specific as other
PVTs, and that the test might not be appropriatei$e with individuals with significant
cognitive impairment. For example, the WMT, VSVTidaCARB have been found to be
more sensitive than the TOMM in simulators and ldigg claimants (Gervais, Rohling,
Green, & Ford, 2004; Tan et al., 2002). Anothedgt(Ieichner & Wagner, 2004) found
the TOMM to have a high misclassification rate (pgpecificity) in patients with
dementia. These findings, along with results fromheéd al., suggest that the TOMM may
not be appropriate for use with epilepsy patiemigny of whom may have significant
cognitive impairment.

Other studies of the differential diagnosis of epdy and PNES also presumed
that patients with epilepsy would perform well oTB; but this was not the case.
Williamson, Drane, Stroup, Miller, and Holmes (2D@3und that 13% of patients with
epilepsy scored below failure cutoff on the WMTngzared to 64% of patients with
PNES. These results indicated that 13% of patwwittsepilepsy did not perform
optimally on the WMT and, therefore, that their regasychological test scores were
potentially invalid. More recently, Cragar et &006) investigated the performance of 41
patients with epilepsy, 21 patients with PNES, a8gatients with epilepsy plus PNES
on four PVTs: the DMT, Letter Memory Test (LMT; lam et al., 1998), TOMM, and

PDRT. Results revealed that 22% of patients wiiteppy, 24% of patients with PNES,
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and 11% of patients with epilepsy plus PNES scbeddw cutoffs on at least one PVT.
As expected, findings from these studies indic#ted patients with PNES performed
below cutoffs on PVTs at significantly higher ratkan patients with epilepsy. However,
patients with epilepsy also scored below cutoffsigher rates than expected. These
findings are surprising since, as previously nopadients with epilepsy are presumed to
do well on PVTs.

Evidence of suboptimal performance on PVTs ingpiepsy population has also
been found in two recent studies (Hoskins, Bin@draytor, Williamson, & Drane, 2010;
Loring et al., 2005) that did not explore differ@htliagnosis. Hoskins et al. (2010) found
evidence of suboptimal performance in patients wylepsy in an investigation of the
oral versus computerized versions of the WMT. Sutbjencluded 67 inpatients at an
epilepsy center and 58 forensic and clinical referwithout epilepsy. Results indicated
that 21% of patients with epilepsy scored belowufai cutoff on the computer version,
14% scored below failure cutoff on the oral versiand 23% scored below failure cutoff
on regardless of version. These results indicdtatla substantial number of patients with
epilepsy performed suboptimally on the WMT regasdlef version. Loring et al. (2005)
found evidence of suboptimal performance on the V8Va retrospective study of 120
non-litigating epilepsy surgical candidates. Fimgginndicated that 20 patients had
guestionably valid results and 14 patients hadlidvasults. Combined, these results
indicated that approximately 28% of the sampleqrened suboptimally on the VSVT.
These findings are unexpected, given that previessarch assumed that epilepsy
surgical candidates put forth optimal performangend) testing because they were

motivated for surgery. It is noteworthy that Loriegal. and Hoskins et al. found that
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some subjects performed poorly on PVTs due to gencognitive impairment (e.g., low
intellectual function), but this cannot account&tirpoor performances in their studies.
Finally, while Lee, Loring, and Martin’s study (180did not demonstrate suboptimal
performance in their epilepsy patients, they emgibthe FIT, a PVT that has been found
to have a low level of sensitivity (e.g., RezneB02). Therefore, their results should be
interpreted cautiously.

Relationship Between PVT Scores and Neuropsycholagil Test Scores

A few studies have explored differences in neuropsipgical test performance
between patients with epilepsy and patients witlieBNsing PVTs to control for
suboptimal performance. Drane et al. (2006) fourad patients with epilepsy who
performed poorly on the WMT, as indicated by scdrelew failure cutoff, had more
neuropsychological test scores below normal lithigsy patients who scored above
failure cutoff. PNES patients with WMT scores beltaiure cutoff had more impaired
test scores than did PNES patients and epilepsgnpatvho scored above cutoff, as well
as epilepsy patients who scored below cutoff. Regieith PNES who scored above
WMT failure cutoff displayed the least amount otirepsychological impairment when
compared to all other patient groups. In a simitaestigation, Dodrill (2008) found that
poor WMT scores in patients with epilepsy and pasiavith PNES were associated with
lower scores on various neuropsychological tesiske et al. (2006) also found that poor
performance on the TOMM was significantly predietnf lower 1Q, memory, language,
visuospatial, and motor functioning scores in pasievith epilepsy and patients with

PNES.
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Loring et al. (2005) was the only study identifibeét that did not examine
differences in neuropsychological test performdmetsveen patients with epilepsy and
PNES. Instead, this study examined VSVT performarfide0 epilepsy surgical
candidates. Patients who had valid VSVT scoredimadiighest performances on a
variety of neuropsychological measures. Suboptpediormance on the VSVT was
associated with decreased scores on a varietyunbpgychological tests.

Conclusion

Neuropsychologists must examine the validity st feerformance during
evaluation to help determine whether observed &stdcores are due to neurological
illness or injury or if instead they reflect subiopal performance. Forced-choice PVTs
have been found to be the most sensitive and speaffasures of PV. Their utilization is
critical because low PVT scores have been fourattount for up to 54% of the
variance in neuropsychological test scores (Cotistanet al., 2005; Green, 2007; Green
et al., 2002; Green et al., 2001; Rohling et &02 Stevens et al., 2008), and patients
with low PVT scores have been found to score sicanitly lower on neuropsychological
tests across cognitive domains.

Most of the research investigating PVTs has lmesaucted on compensation-
seeking/litigating patients who report cognitivergtoms yet fail to show deficits on
neurological testing (e.g., mTBI). These patieypsdally perform poorly on PVTs.
Surprisingly, however, low PVT scores have alsanlfeend in patients with no apparent
external incentives to underperform. One such grsygatients with epilepsy, but there is

limited research specifically examining PVT withstipopulation.
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In the preliminary research available, the base eshsuboptimal performance in
patients with epilepsy has been found to range #diHill et al., 2003) to 28% (Loring
et al., 2005). One possible explanation for thisarace may be the significant cognitive
impairment commonly associated with epilepsy (Ba203), although this theory has
not been directly explored. One study (Drane e8l06) suggested that profound
cognitive impairment accounted for low scores an\¥MT in four patients with
epilepsy. However, the false positive rate remaimshown for this study, as GMIP
analysis was not employed. Presently, the impastgpiificant cognitive impairment on
PVTs has yet to be fully explored in the epilepspyation. The WMT would be an
ideal PVT to employ in future investigations, as WMT with the GMIP has
demonstrated high classification accuracy indicels ather patient populations (e.g.,
Green et al., 2009; Howe et al., 2007; Howe & L@yiR009). Future research using all
subtests of the WMT and GMIP analysis may helptifiepatients with epilepsy who
perform poorly due to significant cognitive impagnt and thus help clarify the varying
rates of suboptimal performance during neuropsycél evaluation in this population.

Finally, there have been several studies examithagelationship between PVT
scores and neuropsychological test scores in titepsp population (Dodrill, 2008;
Drane et al., 2006; Locke et al., 2006; Loringlet2005). Initial findings have generally
been consistent with findings from other studiethwther patient populations
(Constantinou et al., 2005; Green, 2007; Greeh,e2@02; Green et al., 2001; Rohling et
al., 2002; Stevens et al., 2008), with lower PV®res associated with significantly lower
test scores across most cognitive domains. Howewér,Drane et al. removed patients

with profound cognitive impairment (likely false gibves) before conducting analyses.
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Patients with significant cognitive impairment neede identified and eliminated from
datasets before examining the relationship betW&nh scores and neuropsychological
test scores. The WMT with GMIP analysis is bestesufor this task. However, as
Dodrill, Locke et al., and Loring et al. did notlize GMIP analysis, it is possible that
their findings are confounded by data from patievith significant cognitive impairment.
As such, conclusions about the relationship betviRéh scores and neuropsychological
test scores in this population may be inaccurdteréfore, further investigation is
warranted using GMIP analysis to identify and rembkely false positives before
examining the relationship between WMT performaaice neuropsychological test
scores. Future research should also examine tgorethip between GMIP scores and
neuropsychological memory test scores in ordestabdish the validity of the GMIP in

the epilepsy population.
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CHAPTER lll: METHODOLOGY

Participants

The participants in this study were retrospecyiveéntified from the Aurora St.
Luke’s Regional Epilepsy Center database mainta@eérora St. Luke’s Center for
Neuropsychological Services in Milwaukee, WI. Patisewere referred for
neuropsychological evaluation in order to assesdidacy for epilepsy surgery (pre-
surgical) or to assess cognitive functioning angtpslogical status (non-surgical). All
patients had a history of medically intractablesgess, and all pre-surgical patients
underwent 24-hour video-EEG monitoring to clariézare focus. Patients were
diagnosed with epilepsy by a board certified neagist at Aurora St. Luke’s Regional
Epilepsy Center.

Eligibility criteria. Patients were eligible for inclusion if the follavg criteria
were met: (1) the patient had a diagnosis of epyip(?) the patient was either a pre-
surgical candidate or non-surgical; (3) the patiemderwent neuropsychological
evaluation and completed the full battery of teats] (4) the patient was administered
the first six subtests of the WMT during neuropsytolgical evaluation. Exclusion
criteria included: (1) the patient underwent prergi@pilepsy surgery and (2) the patient
was not administered the WMT. If a patient was eatdd more than once, either pre-
surgically or non-surgically, data from his or fiest testing session was used to remove
potential practice effects for neuropsychologicaksures as well as the WMT.

Measures
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As part of the standard evaluation process at Austdr Luke’s Center for
Neuropsychological Services, patients were adnarestan extensive battery of 15
neuropsychological tests and the WMT. The neurdpsggical tests were selected to
evaluate a variety of cognitive domains. The WMTswalected because it is a highly
sensitive and specific PVT that allows for GMIP lgags.

WMT. The WMT is a PVT that consists of six subtestsdABned in Chapter 1,
the IR, DR, and CNS subtests are measures of P&(G2005). The multiple choice
(MC), paired associates (PA), free recall (FR), lomdy delayed free recall (LDFR)
subtests are measures of memory (Green, 2005WNHE requires the patient to learn a
list of 20 word pairs (e.g., fish-fin, dog-cat) pemted twice. The patient then choses the
words from the original list from new pairs of wardontaining both the target word and
a foil word (IR). Thirty minutes later, the patiadiscriminates the original words from a
different set of foils (DR). Next, the first wortbin each pair is presented and the patient
selects the word that was paired with it from eigfmices (MC). Afterwards, the
examiner read the first word in each pair aloud wedpatient provides the second word
(PA). He or she is then asked to freely recalbaivords from the original list in any
order (FR). The LDFR (optional subtest) may be gi26 minutes later and consists of
the patient freely recalling as many of the origjimards as possible in any order. This
subtest was not administered. The WMT can be adierad verbally or self-
administered on a computer. The computerized vemsas administered.

Per the manual, scores above 90% on IR, DR, or [@tiSate a clear pass.
Scores at or below 82.5% on IR, DR, or CNS indieatéear fail. Scores between 83 and

90% are classified as caution. Although MC and RAdassified as memory subtests,
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MC scores of 70% or below and PA scores of 50%etovb are classified as warning.
Such low scores on MC and PA warrant further ingasibn and are considered
suspicious of suboptimal performance when dementaher profound cognitive
impairments have been ruled out (Green, 2005). thaddilly, scores on six of the
subtests can be used to compute a GMIP scoresgbis indicates whether poor
performance is likely due to significant cognitimepairment (and thusot likely
attributable to suboptimal performance) or is séleoy to suboptimal performance. A
GMIP is defined as at least a 30-point differenegveen the mean of the easy subtests
(IR, DR, and CNS) and the mean of the hard sub(dTs PA, and FR).
Psychometricsinitial validation studies on the WMT were conceaton data
from more than 1,250 consecutive outpatients refefor neuropsychological evaluation
over a period of eight years. These studies fonad¥MT to be a sensitive and specific
PVT with various populations, including healthy ddusimulators, patients with
neurological disorders, and patients with impairemory. First, an initial validation
study compared WMT scores of 40 healthy adultsré§lwe et al., 1999) to those of 57
patients with moderate-to-severe TBI (Green & All#899). Patients with TBI averaged
IR and DR scores above 95% correct and averagd&®&orrect across all PV subtests,
indicating that the WMT is largely insensitive teurological impairment secondary to
serious head injury. Second, patients with neurc@glisorders have been found to
perform above failure cutoff despite having sigrafit impairment (Gorissen, Sanz de la
Torre, & Schmand, 2003, cited in Green, 2005; G&éillen, 1999). For example, in
Green and Allen’s sample of 40 neurological paieno significant differences in WMT

PV subtest scores were found between patientsimftaired and normal scores on the
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CLVT, a measure of verbal memory; however, thogh wmpaired CLVT scores scored
significantly lower on the WMT memory subtests. Amer study found that amnestic
patients with hippocampal damage scored aboveéadutoff, further supporting the
insensitivity of the WMT PV measures to severe ¢iganimpairment (Goodrich-
Hunsaker & Hopkins, 2009). Finally, initial studiesnducted on TBI patients have
shown that patients with severe brain injuries esdaignificantlyhigheron WMT PV
subtests than those with mild brain injuries (Gr&805; Green et al., 1999). These
results contradict what would be expected if the WIRV subtests were sensitive to
brain injury; if that were the case, it would beegted that those with severe head
injuries would fail these subtests. Instead, thami@R score in those with severe brain
injuries (as indicated by abnormal brain scans) 9%ag% correct, which was
significantly higher than the mean DR score in ¢ha#th normal brain scans (82.5%
correct) (Green, 2005). Green (2005) concludedttiegte with mTBIs may be more
likely to exaggerate their impairment by puttingtfosuboptimal performance on the
WMT and scoring significantly lower than those wséwvere TBIs. Overall, the WMT PV
subtests have been found to be relatively inseediti significant cognitive impairment
and neurological disorders (Gorissen et al., 28@8d in Green, 2005; Green, 2005;
Green & Allen, 1999) and sensitive to suboptimafqgenance (Green, 2005; Green et al.,
1999). The WMT memory subtests have been foune teelsitive to impaired memory
(Green & Allen, 1999).

The WMT has also been found to be a reliable nreasfuPV with high levels of
internal consistency and test-retest reliabilityalsample of 1,207 outpatients, internal

consistency was found to be strong between IR d&d¢ > .88); MC and PAr(= .90);
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and FR and LDFRr(= .86) (Green, 2005). Test-retest reliability of thean IR and DR
scores was found to be very high in a sample dfézthy adultsr(= .97) (Green, 2005).
Test-retest reliability of the mean MC and PA sesos@s found to be extremely high (
=.99) and very high for the mean of the DR and B3¥€oresr(= .92). However, it is
important to note that test-retest reliability ot be as strong when examining clinical
cases, as clinical patients’ performance is mdedylito fluctuate over time possibly due
to becoming involved in litigation or applying foompensation (Green, 2005). In fact,
Green’s initial clinical validation sample of oveR250 outpatients demonstrated poor
test-retest reliabilities of .43 for IR scores aB8 for DR scores. The poor test-retest
reliabilities of these subtests likely reflectediable engagement during testing and were
not likely indicative of a lack of reliability of WT scores (Green, 2005).

Finally, the WMT has been found to be a highlysstare and specific PVT. In
the initial validation study, 20 clinical patieriging evaluated for disability scored above
failure cutoff, with an average DR score of 98.2%6den, 2005). The same patients were
then instructed to fake memory impairment. All pats scored below failure cutoff on at
least one of the PV measures, resulting in a seitgivf 100%. Sensitivity was 96% for
a group of 25 simulators who scored below failur®ff on at least one of the PV
subtests (Green, 2005). When the two simulatorggavere combined, the WMT was
found to have a sensitivity of 97.7%. The WMT his®deen found to have strong
specificity. Data from a study with healthy adwntrols (Ilverson et al., 1999) and
moderate-to-severe TBI patients (Green & Allen,9)98dicated a specificity of 100%.
Results from Tan et al. (2002) also found a WMTc#psty of 100%. Overall, the WMT

has been found to be a highly sensitive and speeMiT.
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Wechsler Adult Intelligence Scale—Third Edition (WAIS-I1). The WAIS-III
(Wechsler, 1997a) is a clinical instrument for asggg the intellectual ability of
individuals aged 16 through 89 years (The Psychoéb@orporation, 2002). It is
comprised of 14 subtests: Picture Completion, Vataly, Digit-Symbol Coding,
Similarities, Block Design, Arithmetic, Matrix Re&sng, Digit Span, Information,
Picture Arrangement, Comprehension, Symbol Seastter-Number Sequencing, and
Object Assembly. Depending on which subtests and@rdadtered, the WAIS—III can
provide three 1Q scores: Full Scale Intelligencet@ant (FSIQ), Verbal Intelligence
Quotient (VIQ), and Performance Intelligence Quuti@1Q). Four Index scores can also
be computed: Verbal Comprehension Index (VCI), &gtiteal Organization Index (POI),
Working Memory Index (WMI), and Processing Speedebn(PSI). The WAIS-III as
opposed to the WAIS-IV was administered in thigigflas the WAIS-11l was part of a
previously established neuropsychological tesebatdministered to all epilepsy
patients undergoing evaluation.

WAIS—III indexes and subtestd’he VCI is a measure of acquired knowledge
and verbal reasoning (The Psychological Corpora002). It is comprised of the
Vocabulary, Similarities, and Information subte3tse Vocabulary subtest, a measure of
word knowledge (Sattler & Ryan, 2009), requiresphgent to orally define a series of
visually and orally presented words. The Similagtsubtest, which measures the ability
to recognize and verbalize relationships betweendiyjects or concepts (Sattler & Ryan,
2009), requires the patient to verbally explaingmailarity of orally presented word

pairs. The Information subtest, a measure of géhand of knowledge (Sattler & Ryan,
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2009), requires the patient to orally answer aesesf verbally presented questions that
tap his or her knowledge of common events, obj@iéses, and people.

The POI is a measure of nonverbal, fluid reasgratigntiveness to detail, and
visual-motor integration (The Psychological Corpiona 2002). It is comprised of the
Picture Completion, Block Design, and Matrix Reasgrsubtests. The Picture
Completion subtest, a measure of visual-percepéasioning ability (Sattler & Ryan,
2009), requires the patient to identify an impatrtamssing part in pictures of common
objects and settings. The Block Design subtesteasuore of spatial visualization and
perceptual reasoning skills (Sattler & Ryan, 2008yuires the patient to replicate
modeled or two-dimensional geometric patterns usirggcubes. The Matrix Reasoning
subtest, a measure of nonverbal problem-solvingsg€attler & Ryan, 2009), requires
the patient to complete a series of incompletedgdpatterns by pointing to or saying
the number of the correct response from five pdssiboices.

The WMI is a measure of auditory working memory atiention (The
Psychological Corporation, 2002). It is compriséthe Arithmetic, Digit Span, and
Letter-Number Sequencing subtests. The Arithmetiitesst measures one’s ability to
carry out mental arithmetic, which involves numarieasoning abilities, attention,
auditory short-term memory, and long-term memomti{&r & Ryan, 2009). In this
subtest, the patient is read a series of arithnpetiblems that he or she must solve
mentally and respond to orally. The Digit Span sahta measure of auditory short-term
memory (Sattler & Ryan, 2009), requires the patienepeat a series of orally presented
number sequences. The patient must repeat thersmzgueerbatim in Digits Forward and

backward in Digits Backward. The Letter-Number Sagung subtest also measures
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auditory short-term memory (Sattler & Ryan, 2008)this subtest, the patient must track
and orally repeat sequences of numbers and lepiettsng the numbers in ascending
order and the letters in alphabetical order.

The PSl is a measure of processing speed (Thé®sgical Corporation, 2002).
It is comprised of the Digit-Symbol Coding and SyhBearch subtests. The Digit-
Symbol Coding subtest measures processing spethe{SaRyan, 2009). This subtest
consists of a series of numbers that are eachdpaita their own corresponding symbol
in a key. Using the key, the patient writes the Bghtorresponding to its number as fast
as possible. The Symbol Search subtest measured discrimination and visual-
perceptual scanning ability (Sattler & Ryan, 2009)is subtest consists of a series of
paired groups, with each pair consisting of a taggeup and a search group. By marking
the appropriate box, the patient indicates whegtitber target symbol appears in the
search group.

WAIS—III subtest raw scores are converted to ageected scaled scores. Index
scores (standard scores) are also computed. Pearsygouter scoring was used to score
WAIS-III protocols.

PsychometricsThe WAIS—III was standardized on 2,450 healthyitials
aged 16 to 89 years. The sample was separateti3rage groups and stratified by
demographic variables including age, sex, educd¢esl, and geographic region of the
United States (U.S.) according to U.S. 1995 cedsis (The Psychological Corporation,
2002). Per the technical manual, average interadistency reliability coefficients for
all of the subtests except Picture Arrangement,®}r8earch, and Object Assembly

range from .82 to .93. Picture Arrangement and @ssembly were found to have
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lower average reliability coefficients of .74 afd@, respectively. As Symbol Search and
Symbol-Digit Coding are speeded subtests, tesstrestiability coefficients were
calculated. Symbol Search and Symbol-Digit Codimgexfound to have average test-
retest reliabilities of .77 and .84, respectivélyerage reliability coefficients for the four
Indexes range from .88 to .96. Average reliabitidefficients for FSIQ, VIQ, and PIQ
scores range from .94 to .98.

The manual also provides evidence of convergeshdestriminant validity for
the WAIS-III. Overall, a high magnitude of interceliation was found between most of
the subtests, supporting the notion of the presehaegeneral intelligence factag)(
Most of the subtests correlated with each otharrabderate level. All Index subtests
were found to have at least moderate intercorogiatiproviding evidence of convergent
validity. Verbal subtests’ intercorrelation coeffints ranged from .70 to .77. Perceptual
organization subtests’ intercorrelation coefficeeranged from .48 to .60. Working
memory subtests’ intercorrelation coefficients mohdrom .52 to .57. Processing speed
subtests’ intercorrelation was .65. Subtests waued to strongly correlate with their
Indexes. Finally, subtests that measure constthatsare not expected to be strongly
correlated with each other (e.g., Vocabulary amdue Completion) were found to have
relatively lower intercorrelations when comparedntercorrelations between measures
within domains, providing evidence of discriminaatidity.

Further evidence of convergent validity was preddy moderate to high
correlations (s ranging from .50 to .91) between most of the WAIISQ and Index
scores and other measures of cognitive abilitresuding the Wechsler Adult

Intelligence Scale—Revised (WAIS—-R; Wechsler, 1981gchsler Intelligence Scale for
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Children—Revised (WISC-R; Wechsler, 1974), Stan®actjressive Matrices (Raven,
1976), the Information Processing Accuracy IndethefMicroCog: Assessment of
Cognitive Functioning (Powell et al., 1993), and thtal score of the Dementia Rating
Scale (DRS; Mattis, 1988). WAIS—III VCI and the Md€og Information Processing
Accuracy Index were not strongly correlated-(.28), providing evidence of discriminant
validity for the VCI.

Wechsler Memory Scale — Third Edition (WMS—III). The WMS-III (Wechsler,
1997Db) is a neuropsychological battery of learnmgmory, and working memory
measures that can be used with individuals aged 86 years. It is comprised of 11
subtests. The six primary subtests include: Logwamory | and Il (LM Il and 1),

Verbal Paired Associates | and I, Letter Numbegyugscing, Faces | and II, Family
Pictures | and Il, and Spatial Span. The five a@lsubtests include: Information and
Orientation, Word Lists | and Il, Mental Controlidit Span, and Visual Reproduction |
and Il (VR | and Il). Many of the subtests contamimmediate and a delayed condition,
which is administered 25 to 35 minutes following tmmediate condition. The WMS—
lIl provides eight Primary Index scores: Auditorgrhediate, Visual Immediate,
Immediate Memory, Auditory Delayed, Visual Delayddiditory Recognition Delayed,
General Memory, and Working Memory. Four Auditomp&ss Composites are also
computed: Single-Trial Learning, Learning SlopeteRé&on, and Retrieval. LM | and Il
and VR I and Il will be reviewed below, as they eéne only WMS-III subtests that
were administered to patients in this study. The 8YM as opposed to the WMS-IV was
administered, as the WMS-IIl was part of a previgestablished neuropsychological

test battery administered to all epilepsy patiemidergoing evaluation.
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LM I and Il. The LM subtest is a measure of immediate and ddlayéitory
memory (The Psychological Corporation, 2002). DgilsM 1, two short stories are read
to the patient. The second story is read twice. gdteent is asked to immediately recall
the stories from memory. Twenty-five to 35 minueger (LM 1), the patient is asked to
recall both stories again. A recognition trail tmlis where the patient answers yes/no
guestions about the stories. Six scores are comuten this subtest: LM | Recall Total,
LM Il Recall Total, LM | Thematic Total, LM Il Thesatic Total, LM Il % Retention, and
LM Il Recognition Total. The LM Il Recognition Tdtevas not used in analyses, as it
cannot be converted from a raw score to a scale@ s¢ percentile. Subtest raw scores
are converted to age-corrected scaled scores.

VR I and Il. The VR subtest is a measure of immediate and delageal
memory (The Psychological Corporation, 2002). DyMR 1, the patient is shown a
series of five designs, one at a time, for 10 sdsoAfter each design is presented, the
patient must draw the design from memory. DuringVR5 to 35 minutes later), the
patient is asked to draw the designs from memoganinorder. A recognition trail
follows where the patient is shown a series of d&ighs, one at a time, and has to
identify the designs presented in VR I. Six sc@escomputed from this subtest: VR |
Recall Total, VR 1l Recall Total, VR Il Recognitiofotal, VR % Retention, VR Il Copy
Total (copy trial not administered), and VR Il Disgination (discrimination trial not
administered). Subtest raw scores are convertagdacorrected scaled scores.

PsychometricsThe WMS—III was standardized on 1,250 healthyallials
aged 16 through 89 years. The sample was sepanédet3 age groups and stratified by

demographic variables including age, sex, educadtioel, and geographic region of the
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U.S. according to U.S. 1995 census data (The P&ygical Corporation, 2002). The
internal consistencies of the LM and VR subtestehseen found to be high. Per the
technical manual, LM | and Il Recall Totals haveage internal consistency reliability
coefficients of .88 and .79, respectively. LM | dhdhematic Totals have average
generalizability reliability coefficients of .77 dn79, respectively. VR | and Il Recall
Totals have average generalizability reliabiliteffwients of .79 and .77, respectively.
THE VR Il Recognition Total has an average geneaaility reliability coefficient of .75.

The manual also provides evidence of convergeshdascriminant validity for
the LM and VR subtests. The intercorrelation cagffits of the LM subtests ranged
from .70 to .88, providing support that such sulstese measuring a similar construct.
The intercorrelation coefficients for the VR suli¢asnged from .27 to .67, with lower
correlations found between VR |1l Copy and all otWi& subtests. Overall, both the LM
and VR subtests were found to have acceptablemiseant validity as evidenced by
weak to moderate intercorrelation coefficients vatibtests that measure different types
of memory and learning.

Boston Naming Test (BNT).The BNT (Kaplan, Goodglass, & Weintraub, 1983)
is a measure of confrontational naming. It wasioally published by Kaplan, Goodglass,
and Weintraub (1978) as an experimental 85-itersiwrrand was later revised to the
current 60-item version. The test consists of &ldrawings of items ranging in
familiarity (e.g., beaver, sphinx) (Lezak, 1995heTpatient is shown each drawing and
asked to provide the name for each object. Thebegns at item 30 for adults. If any of
the next eight items are failed, the patient is iadstered the items backward starting

with item 29 until eight consecutive items are pass$-orward testing is then resumed
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until six consecutive items are failed. If the paticannot perceive what the object is or
gives an indication that the object has been migpesd, a semantic cue is given (e.g.,
for beaver, “it's an animal”). A phonemic cue (efgr beaver, “bea”) is given 20
seconds after the original presentation of the drgwr 20 seconds after the sematic cue
was given (if it was necessary) if the patienttiié snable to correctly name the item. The
raw score is the total number of spontaneouslyecbnesponses plus the number of
correct responses following a stimulus cue betwkerbaseline and ceiling items. This
number is then added to the number of items theatqale the baseline. For this study, raw
scores were converted to age-, education-, sed-etmicity-corrected T-scores using
the Heaton, Grant, and Matthews (1991) externahspas the normative data provided
in the manual are sparse.

PsychometricsNormative data for the BNT can be found in Heatbal &(1991).
Participants in the Heaton et al. normative proyeste assessed in several studies over
25 years. Participants were from rural and urbaasacross the U.S. As part of this
project, the BNT was standardized on 1,000 indigislwvith a mean age of 50.3 years
old (SD= 17.9). Mean level of education was 13.5 ye8i3% 2.5). Slightly more than
half of the sample was male (53.3%). The BNT haldeund to have strong reliability
and validity. Huff, Collins, Corkin, and Rosen (B)&livided the 85-item version into
two equivalent forms. Internal consistency betwienforms was found to be high, with
a coefficient alpha of .96. Between-forms correlasi of .81 in healthy adults and .97 in
individuals with Alzheimer’s disease were also mgd. Sawrie, Chelune, Naugle, and
Luders (1996) found a strong test-retest religbdit.94 after 8 months in a sample of 51

patients with epilepsy. Thompson and Heaton (18@®)d correlations to range from .92
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to .96 between the 85-item, 60-item, and Huff és &vo, non-overlapping 42-item
versions in 49 patients, providing further supgortthe reliability of the measure.

Examining construct validity, Axelrod, Ricker, a@therry (1994) found that the
BNT loaded highly on three major intelligence fastm adults: verbal comprehension,
perceptual organization, and freedom from distbéldty. Axelrod et al. also reported that
the BNT has been found to have acceptable conduradidity with the Visual Naming
Test of the Multilingual Aphasia Examination (MABenton, Hamsher, & Sivan, 1994a).
Finally, correlations ranging from .74 to .87 hde=n found between the BNT and the
Gates-McGinite Reading Vocabulary Test across nbama clinical adult populations,
providing further evidence for the test’s concutrealidity (Hawkins et al., 1993).

MAE Token Test. The Token Test is one of nine subtests of the MB&nfon et
al., 1994a). It is a 22-item oral language compmnelon test that is an abbreviated and
modified version of De Renzi and Vignolo’s (1962)Ken Test. There are two forms of
this test (A and B) that consist of equivalent isefBenton et al., 1994a). Twenty small
and large circles and squares in five colors (pétk, green, yellow, and white) are used
to assess the patient’s ability to comprehend ang out simple tasks (Benton et al.,
1994a). If the patient does not carry out the taskectly on the first trial, a second trial
is implemented. The patient receives 2 points éorect responses on the first trial, and 1
point for correct responses on the second tria. fBlwv score is converted to a standard
score and percentile based on control norms (gatieithout aphasia) provided in the
manual.

PsychometricsAs part of the MAE standardization sample, th&éioTest was

normed on 360 individuals aged 16 to 69 years whasge language was English
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(Benton et al., 1994a). No individual showed eviear history of hemispheric brain
disease. Individuals with a history of mental réédion or a psychiatric hospitalization
were excluded from the sample. Reliability dataravepresented in the manual or in
major neuropsychological texts (e.g., Lezak, 1%&een & Strauss, 1998).

Regarding validity, the Token Test was found tfeafvely discriminate between
115 control and 48 aphasic subjects (Benton e1@94a). Only 3.5% of the control
subjects were misclassified by normative cutoff&l 85.4% of individuals with aphasia
were correctly classified, supporting the abilifytioe test to effectively discriminate
between normals and individuals with aphasia. Fursupporting the validity of this test,
patients with left temporal lobe epilepsy have bemd to score lower than patients
with right hemisphere impairment (Hermann, Seidegpdaltiner, & Wyler, 1992;
Hermann & Wyler, 1988). The test has also been shtovibe sensitive to delirium in
nonaphasic patients (Lee & Hamsher, 1988). Finhiyh frequency of naming errors,
defective associative word finding, and impairethpoehension on this test was found to
correlate with head injury severity in a sampleloked-head injured patients (Levin,
Grossman, & Kelly, 1976; Levin, Grossman, SarwalVi&@yers, 1981).

MAE Sentence Repetition TestThe Sentence Repetition Test is also one of the
nine MAE subtests. It consists of 14 sentencesagrnessively increasing length. The
purpose of this test is to assess auditory vetbehtzon for sentences of increasing length.
There are two forms of this test (A and B) thatédhaguivalent difficulty levels (Benton
et al., 1994a). The sentences in each form ramge finree to 18 words long. There are
seven grammatical constructions (positive declanagpositive interrogative, imperative,

negative declaration, negative interrogative, conmglp and complex) in each form. The
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examiner reads the sentences aloud to the patrbotthen is asked to repeat the
sentence verbatim. Sentences cannot be repeatedesths discontinued after four
consecutive incorrect responses. The patient resa@wue point for each correct response.
Total raw scores are corrected for education lamdlage. Corrected raw scores are then
converted into standard scores and percentiles.

PsychometricsThe Sentence Repetition Test was normed on the sample as
the MAE Token Test (see Token Test psychometricBasefor details) (Benton et al.,
1994a). Reliability data are not presented in tla@ual or in major neuropsychological
texts (e.g, Lezak, 1995; Spreen & Strauss, 1998jaRling validity, this test was found
to effectively discriminate between 115 control @&daphasic subjects (Benton et al.,
1994a). Only 3.5% of the control subjects were ragsified by normative cutoffs, and
75% of individuals with aphasia were correctly slfied, supporting the ability of the
test to effectively discriminate between normald ardividuals with aphasia. The test
has also been found to have acceptable discrimuadiatity as indicated by a modest
correlation with a test that measures visual narahitities (MAE Visual Naming)r(
=.39) (Benton et al., 1994a).

MAE Controlled Oral Word Association (COWA). The COWA is one of nine
subtests of the MAE. It is an oral fluency teswinich the patient is required to make
verbal associations to different letters of théhalpet by saying all the words he or she
can think of that begin with a certain letter ingonds (Benton et al., 1994a). The
patient is asked to name ordinary words. Properesgi@g., Bob, Boston), different
forms of the same word (e.g., eat, eating), andtanitives derived from previously given

verbs or adjectives (e.g., fun, funny) are probkihitThe patient is presented with three
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letters of progressively increasing associativeaifty (C, F, L). The difficulty level of
each letter was defined by the frequency of wortgrining with that letter found in
standard English dictionaries. There are two foofthis test (A and B). Form A consists
of the letters CFL. Form B consists of the letlRRIW. The raw score consists of the
number of acceptable responses for the threedeflee raw score is converted into an
age- and education-corrected standard score andrge based on control norms
(patients without aphasia) provided in the manual.

PsychometricsThe COWA was normed on the MAE standardization darfgee
Token Test psychometrics section for details) (Bert al., 1994a). Reliability data are
not presented in the manual or in major neuropdggncal texts (e.g., Lezak, 1995;
Spreen & Strauss, 1998); however, the test hasfoead to have adequate validity. For
example, the two forms of this test were foundttorgly correlate with each othar (
=.82) (Benton et al., 1994a). The COWA was foumddequately discriminate between
115 control and 48 aphasic subjects (Benton e1@84a). Only 7% of control subjects
were misclassified by the normative cutoffs, and%®of individuals with aphasia were
correctly classified. A modest correlatian«.56) was found between COWA and MAE
Visual Naming, reflecting the word retrieval aspefttboth tasks (Benton et al., 1994a).
On the other hand, a weaker correlation between 8@Wd Sentence Repetition was
found ¢ = .34), indicating that both tests measure diffecemstructs (Benton et al.,
1994a).

Judgment of Line Orientation (JLO). The JLO (Benton, Hannay, & Varney,
1975) is a measure of spatial perception. It assemse’s ability to estimate angular

relationships between line segments by visuallychiag angled line pairs to 11
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numbered radii forming a semicircle (Lezak, 19963onsists of 30 items each
presenting a different pair of angled lines to kahed to the display cards (Lezak,
1995). The two forms, H and V, consist of the s@em@as presented in a different order.
Raw scores are corrected for age and sex. Stasdares and percentiles for score
ranges are provided.

PsychometricsThe JLO was normed on 137 normal or control subjetvided
into six age-sex groups (Benton, Varney, & Hamsh@v38). This test has been found to
have acceptable levels of reliability and validiBorrected split-half reliability of Form
H was found to be .94 in a sample of 40 subjettsas found to be .89 for Form V in a
sample of 124 subjects (Benton, Sivan, Hamsheméasar& Spreen, 1994Db). A test-retest
reliability coefficient of .90 was found in a sarapf 37 subjects who were administered
both forms of the test (Benton et al., 1994b). #&sithave found that patients with right
hemisphere dysfunction consistently perform wohsa thormals and patients with left
hemisphere impairment (Benton et al., 1994b; Levi@82; Trahan, 1991). These
findings support the assumption that there is an@ation between impaired
performance and right hemisphere dysfunction (Beetaal., 1994b), and that this test is
a valid measure of spatial perception. Evidenadisdriminant validity has been
demonstrated by a weak partial correlation coedfitf = .27) between the JLO and
Facial Recognition Test (FRT; Benton & Van Allei968B).

Facial Recognition Test (FRT).The FRT was developed to examine the ability
to recognize and discriminate unfamiliar human $agghout involving a memory
component (Benton et al., 1994b; Lezak, 1995). &laee two forms of this test. The

Long Form consists of 54 items. The Short Form {iueMamsher, & Benton, 1975) was
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developed to reduce administration time and cansis27 items. The Short Form was
administered to patients in this study. The tesswis of three parts. Part one consists of
matching of identical front-view photographs. Tlaient is presented with a single
front-view photograph of a face and asked to ideiit{by pointing to it or saying its
number) in a display of six front-view photogra@ppearing below the single
photograph. Three male and three female facesrasemted for matching, requiring a
total of six responses. Part two consists of matghiont-view with three-quarter view
photographs. The patient is presented with a siingig-view photograph of a face and
asked to locate it three times in a display ofteshee-quarter views, three being of the
presented target face and three being of othes fac¢he Short Form, one male and
three female faces are presented, requiring aabt responses. Part three consists of
matching front-view photographs under differenhtigg conditions. The patient is
presented with a single front-view photograph &ce taken under full lighting
conditions and instructed to locate it three tinmea display of six front views taken
under different lighting conditions; three photqgma in the display are of the presented
face and three are of other faces. In the ShornFtwo male faces and one female face
are presented, requiring a total of nine respor&lastt Form raw scores are converted to
Long Form raw scores, and are then corrected feraag education. Corrected Long
Form scores are then converted into standard seokepercentiles.

PsychometricsThe FRT was normed on 286 individuals aged 16itgears
(Benton et al., 1994b). One sample consisted ofrfE@Bological, neurosurgical, and
medical patients from the University of lowa Hogjst The second sample consisted of

90 normal individuals aged 60 to 74 years who ha@dnteered to participate in a study
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about aging. Differences in age and education lereeé found to affect test performance
to a modest degree, which resulted in age and édacxore corrections.

Studies have found the FRT to have acceptabldsleveeliability and validity.
Test-retest reliability after one year in a sanmgdlelderly control subjects was .60 (Levin,
Llabre, & Reisman, 1991). Correlations betweenLitveg and Short forms have been
found to be strong, ranging from .88 in normals9® in patients with brain damage
(Benton et al., 1994Db). Internal consistency hadeund to be moderate, with a
coefficient alpha of .57; however, after omittitng tfirst six items of the FRT, it
improved to .66 (Hoptman & Davidson, 1993). Studiase found that patients with
right parietal lesions performed worse than pasievith right temporal lesions (Dricker,
Butters, Berman, Samuels, & Carey, 1978; Warringialames, 1967). Patients with
right-hemisphere strokes have been found to scooiteei lowest percentile range (Egelko
et al., 1988). Patients with left hemisphere lesjavho were not aphasic or who were
aphasic without comprehension deficits, were haenldound to perform similar to
normal controls (Hamsher, Levin, & Benton, 197%)e3e findings suggest that the FRT
is a valid visuospatial measure.

Hopkins Verbal Learning Test—Revised (HVLT-R).The HVLT-R (Brandt &
Benedict, 2001) is a word-list learning and mentest intended primarily for use with
brain-disordered populations. There are six forfntb® HVLT—R, each of which consists
of a list of 12 nouns. Four items on each listdrgvn from three semantic categories
that vary across the six forms. The patient is tbadvord list and then asked to recall as
many words as possible, in any order. This prorsesspeated two more times for a total

of three learning trials. After a 20 to 25 minutday, a delayed recall trial is
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administered. A recognition trial follows where thatient is read a list of 24 randomly
ordered words (12 targets and 12 foils). The patseasked to identify as many of the
target words as possible witlyasresponse and to respondto foils. Four scores can be
computed: Recall Total, Delayed Recall, % Retentaod Recognition/Discrimination.
Raw scores are converted into age-corrected T-score

PsychometricsThe HVLT-R normative sample consisted of 1,179thgal
individuals aged 16 to 92 yeamd € 59 yearsSD= 18.62) (Brandt & Benedict, 2001).
Years of education ranged from 2 to 20 yeMs=(13.47 yearsSD= 2.88). The HVLT—
R has been found to have acceptable reliabilitth vast-retest coefficients for the Total
Recall and Delayed Recall of .74 and .66, respelstiiBenedict, Schretlen, Groninger,
& Brandt, 1998). The six forms of the HVLT-R haweel found to have similar
psychometric properties with respect to recallgr{Benedict et al., 1998; Brandt &
Benedict, 2001). Modest differences were presergdngnition trials (Benedict et al.,
1998). Concurrent validity has been found to beeptable, with correlations between
total learning and delayed recall on the HVLT-R anthediate and delayed recall on
the WMS-R (Wechsler, 1987) LM of .75 and .77, retipely (Shapiro, Benedict,
Schretlen, & Brandt, 1999). Weaker correlationseMeund between HVLT-R total
learning and delayed recall and WMS-R VR immedsaue delayed recaltg = .54
and .69, respectively), evidencing moderate legktliscriminant validity (Shapiro et al.,
1999). Shapiro et al. also found the HVLT-R’s measwf new learning and delayed
recall to load on a single factor distinct from se@s of visual memory and general

cognitive function, further supporting the testisaliminant validity.
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Category Fluency TestAnimal naming is a frequently used category fluency
task. This test is useful to assess fluency irep&iwho are not able to name many
scorable words when administered abstract lettentty tasks (e.g., COWA) (Lezak,
1995). In this test, the patient is asked to nasmmany animals as possible in 60 seconds.
For this study, raw scores were converted to agkication-, sex-, and ethnicity-
corrected T-scores using the Heaton et al. (199&)al norms.

PsychometricsNormative data for the Category Fluency Test cafobed in
Heaton et al. (1991). Participants in the Heatoal.etormative project were assessed in
several studies over 25 years. Participants wera fural and urban areas across the U.S.
As part of this project, the Category Fluency Teas$ standardized on 1,148 individuals
with a mean age of 50 years ofl]= 19.2). Mean level of education was 13.8 ye8i3 (
= 2.5). Slightly more than half of the sample wadar(52.4%). Although reliability data
could not be found, this test has been found toridsnate between Alzheimer’s patients
and normal controls (Monsch, Bondi, Butters, & Sahn1992), and patients with
dementia and those with depression (Hart, Kweritaglor, & Hamer, 1988), better than
a letter fluency task. Other studies have found etderly control patients and patients
with dementia named more animals than CFL word#héu supporting its validity
(Rosen, 1980; Monsch et al., 1992; Monsch et 8b4)

Trail Making Test (TMT). The TMT (Partington & Leiter, 1949) is a test of
visual conceptual and visuomotor tracking that waginally part of the Army Individual
Test Battery (1944). It consists of two parts, Paand Part B. In Part A, the patient is
asked to draw lines connecting consecutively nustbeircles (numbered 1 through 25).

In Part B, the patient is asked to draw lines coting consecutively numbered and
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lettered circles by alternating between the twauseges. The patient must complete
these two tasks as quickly as possible withoubhgfthe pencil from the paper. The
examiner immediately points out any errors andthagatient proceed from the point
the mistake occurred. Trials are discontinued &80€ seconds. Scoring for each part is
based on the completion time in seconds. For thdysraw scores were converted to
age-, education-, sex-, and ethnicity-correcteddres using the Heaton et al. (1991)
external norms.

PsychometricsNormative data for the TMT can be found in Heatbale(1991).
Participants in the Heaton et al. normative proyeste assessed in several studies over
25 years. Participants were from rural and urbaasacross the U.S. As part of this
project, the TMT was standardized on 1,212 indigldwith a mean age of 46.6 years
old (SD= 18.1). Mean level of education was 13.6 ye8i3% 2.8). More than half of
the sample was male (56.8%). Reliability coeffitseinave generally been found to range
from .64 to .98 (Spreen & Strauss, 1998). Interragkability was found to be .94 for
Part A and .90 for Part B (Fals-Stewart, 1991).dke{1982) found the reliability of Part
A to remain high throughout three administratiamsérmal controls at 6- and 12-month
intervals YW = .78), whereas the reliability of Part B was fdua be lower\\V = .67).

Parts A and B have been found to moderately cae@#h each other (= .49),
suggesting that they measure somewhat differerdtaarts (Heilbronner, Henry, Buck,
Adams, & Fogle, 1991). The TMT has been found #&allon both a rapid visual search
and visuospatial sequencing factor (des Rosiera®akagh, 1987; Fossum, Holmberg,
& Reinvang, 1992), as well as a cognitive set-gigftactor (Pontius & Yudowitz, 1980).

The TMT has been found to correlate with an objecting test and a hidden pattern
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tests (s ranging from .36 to .93) (Ehrenstein, HeistelCéhen, 1982). Strong
correlations were not found between verbal tests,(€oken Test), indicating acceptable
discriminant validity.

Wisconsin Card Sorting Test (WCST).The WCST (Berg, 1948; Grant & Berg,
1948) is considered to be a measure of executiveifun that was developed to assess
abstract reasoning ability and the ability to sbdgnitive set (Heaton, Chelune, Talley,
Kay, & Curtiss, 1993). The test consists of foumsius cards and 128 response cards
that depict figures of various forms (crosses,legctriangles, or stars), colors (red, blue,
yellow, or green), and numbers (one, two, thredoor). The four stimulus cards are
placed before the patient. The patient is handgetch of 64 response cards and told to
match each consecutive card from the deck withadiee four stimulus cards. The
patient is not told how to match the cards, bubvihsghe is told each time whether his or
her response is right or wrong. Once the patiesthatched 10 consecutive cards
correctly, the sorting principle is changed withaatrning. The test proceeds in this
manner through a number of set shifts until sixceasful categories are completed or
both decks are exhausted. There is an oral anthputer version of the WCST; the oral
version was used in this study. Many scores cattebeed from this test. For this study,
Perseverative Responses and Total Number of Barems calculated. Raw scores were
converted to age- and education-corrected starstamgs. The WCST computer scoring
program was used to score all protocols.

PsychometricsThe WCST was normed on a sample of 899 normavichaials
whose data was aggregated from six distinct santpleaton et al., 1993). The

individuals ranged in age from 6 to 89 years. Lefedducation ranged from
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Kindergarten to 20 years. The WSCT has been fooméve acceptable reliability and
validity. Interscorer and intrascorer reliabilityere found to be acceptable, with
intraclass correlation coefficients ranging frors t@ .97 (Axelrod, Goldman, &
Woodard, 1992). In a sample of 46 children and est@nts, generalizability coefficients
were found to range from .39 to .78 € .57) for the WCST scores, indicating largely
acceptable scale reliability (Heaton et al., 1993&xtor analytic studies have found
evidence of acceptable construct validity. For epl@nShute and Huertas (1990) found
the perseverative error score to load on the fat#éined by a measure of Piagetian
formal operations. Another study found that the hanof categories achieved loaded on
the complex intelligence and planning-organizatextors, and the error score loaded on
the complex intelligence and planning-flexibiligctors (Daigneault, Braun, Gilbert, &
Proulx, 1988). This test has been found to be id vaéasure of executive functioning in
children, adolescents, and adults with neurologroghirments. Patients with disorders
such as epilepsy, multiple sclerosis, Parkinsorseake, and schizophrenia, as well as
patients with structural brain lesions of otheoletgies, have been found to perform in
the impaired range when compared with normal aqtléston et al., 1993).

Grooved Pegboard TestThe Grooved Pegboard Test (Klgve, 1963; Matthews &
Klgve, 1964) is a manipulative dexterity test (Lyaftle Instrument, 1989). It consists of a
small board containing a 5 x 5 set of slotted halggled in varying directions. Each peg
has a key-like ridge at each end requiring it todiated into position for correct
insertion into a hole. The dominant hand trialdsnanistered first. The patient is told to
place the pegs one at a time in the board as $gsbssible, using only their dominant

hand, going across the board in rows from lefigbtr The non-dominant trial follows,
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with the patient placing the pegs in the board fraght to left as fast as possible. The
examiner records the completion time in secondsdah trial. Trials may be
discontinued after 5 minutes. For this study, triag per hand were sometimes
administered (e.g., if the non-dominant hand watefahan the dominant hand). In these
cases, the fastest time for each hand was usée &sal score. Raw scores were
converted to age-, education-, sex-, and ethnaotyected T-scores using the Heaton et
al. (1991) external norms.

PsychometricsNormative data for the Grooved Pegboard Test cdnure in
Heaton et al. (1991). Participants in the Heatoal.etormative project were assessed in
several studies over 25 years. Participants wera fural and urban areas across the U.S.
As part of this project, the Grooved Pegboard West standardized on 1,482 individuals
with a mean age of 46 years o= 17.1). Mean level of education was 13.5 ye8i3 (
= 2.8). More than half of the sample was male (&).1IThe test has been found to have
acceptable test-retest reliability< .82) (Kelland, Lewis, & Gurevitch, 1992). It hasen
found to be sensitive to general slowing due toiosibn (Lewis & Rennick, 1979) and
progression of disease processes (Matthews & Haal®v9). It has also been shown to
help in the identification of lateralized dysfumeti(Haaland & Delaney, 1981).

Grip Strength Test. The Grip Strength Test, also known as Hand Dynaetem
is a test used to measure hand strength (Reitaa\8sbn, 1974). This test operates
under the assumption that lateralized brain impanthmay affect the strength of the
contralateral hand (Lezak, 1995). For this test,ghtient is asked to hold the upper part
of the dynamometer in their dominant hand firstipdown. The patient is told to hold

his or her arm down by his or her side, away fromlody, and asked to squeeze the
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dynamometer as hard as possible. Two trials fon @aad are performed, alternating
between hands. The raw score is the force exertkifoigrams for each hand averaged
for the two trials (Lezak, 1995). For this studgywrscores were converted to age-,
education-, sex-, and ethnicity-corrected T-scossg the Heaton et al. (1991) external
norms.

PsychometricsNormative data for the Grip Strength Test candumdél in Heaton
et al. (1991). Participants in the Heaton et atmadive project were assessed in several
studies over 25 years. Participants were from ramdlurban areas across the U.S. As
part of this project, this test was standardized @82 individuals with a mean age of 46
years old §D=17.1). Mean level of education was 13.5 ye8i3<£ 2.8). More than half
of the sample was male (60.1%). This test has tmerd to have acceptable reliability,
with reliability coefficients ranging from .52 t68 in normal and neurologically impaired
subjects (Spreen & Strauss, 1998). Average tesstretliability for men and women has
been found to be high for men= .91;r for women = .94) (Reddon, Stefanyk, Gill, &
Renney, 1985). Kelland et al. (1992) found a tetst reliability of .98. Differences
between hands have not been found to be highlgfaleliand may be influenced by
variable motivation (Provins & Cunliffe, 1972). Bhineasure has been found to be useful
in discriminating between patients with epilepsyhweft hemisphere dysfunction from
those with right hemisphere dysfunction (Straus#/&da, 1988), in differentiating
patients with brain damage from normals (Spreertr&uss, 1998), and in identifying
brain lesion laterality (e.g., Dodrill, 1978).

Finger Tapping Test (FTT).The FTT (Reitan, 1969), also known as the Finger

Oscillation Test, is a test of simple motor spéet ts part of the HRNB. It is a widely
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used test of manual dexterity and may be useddtimahe detection of lateralized
impairment (Lezak, 1995). It consists of a tapgtey attached to a counter that records
the number of taps. The patient is asked to tdpsiss possible with their index finger,
not moving their hand or arm. Five 10-second tndts brief rest periods between trials
are administered for each hand, dominant hand(fsgchological Assessment
Resources [PAR] Staff, 1992). Trials are adminedauntil five consecutive trials
produce scores within a five-tap range (PAR S&#83). If this criterion is not met,
additional trials are given. A maximum of 10 trigksr hand is allowed. The examiner
records the number of taps per each 10-secondArfaiger tapping score is computed
for each hand. If five consecutive trials produsedres within a five-tap range, the mean
number of taps for those trials is calculated (P&Rff, 1993). If 10 trails were
administered because the five-tap criterion waswett the mean of all 10 trails is
calculated (PAR Staff, 1993). For this study, raaerss were converted to age-,
education-, sex-, and ethnicity-corrected T-scossg the Heaton et al. (1991) external
norms.

PsychometricsNormative data for the FTT can be found in Heabal. (1991).
Participants in the Heaton et al. normative proyeste assessed in several studies over
25 years. Participants were from rural and urbaasacross the U.S. As part of this
project, the FTT was standardized on 1,212 indisislwith a mean age of 46.6 years old
(SD=18.1). Mean level of education was 13.6 ye8i3%£ 2.8). More than half of the
sample was male (56.8%). Spreen and Strauss (198&)ted that reliability coefficients
have generally been found to range from .58 tdo®traindividual comparisons of

same-hand performances. Performance with eachthrenbeen found to be relatively
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stable over time, even with intervals up to 2 ydsatsveen retest sessions (Spreen &
Strauss, 1998). Intraindividual differences betwdeminant and nondominant hands
have been found to be more variable (e.g.,70; Massman & Doody, 1996; Provins &
Cunliffe, 1972;r = .50; Morrison, Gregory, & Paul, 1979). The FTEleeen found to be
sensitive to the presence and laterality of brasmoin, with worse performance usually
found in the hand contralateral to the lesion (8pr& Strauss, 1998).

Research Design

This study employed a retrospective, cross-seatidesign. A retrospective
design was chosen because the nature of this stedyloratory and because it would be
difficult to recruit patients with epilepsy to urrde neuropsychological evaluation unless
medically necessary. Further, all clinically relevaariables for this study were
previously collected at the time of neuropsychatagevaluation and available in patient
charts. The study consisted of a chart review dient medical history and
neuropsychological data for patients with epilep$y underwent neuropsychological
evaluation at the Center for Neuropsychological/tsées from January 2007 through
November 2012,

Consent for Research Participation

A waiver of informed consent was granted by trstitational Review Boards
(IRBs) of Aurora St. Luke’s Medical Center and Maetfe University for the following
reasons. First, this study presented no more thamal risk to participants: (1)
identifiable information was removed from the daisd after data entry was completed,

(2) data (e.g., demographic information, neuropsiagical test scores) were already
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present in patients’ medical records, and (3) rditemhal evaluations or procedures were
performed on participants. Second, due to the eattithe topic, it would have been
unadvisable to contact participants to obtain condethis were done, participants
would have had to be told about PVT and the impaattsuboptimal performance can
have on test scores. As many of the participantisignstudy were evaluated years ago,
this information may have caused them unnecessamyvabout their past performance
and neuropsychological findings.

Human Subjects Consideration

All data were collected in accordance with theahprinciples of research
outlined by the American Psychological Associatitre IRB of Marquette University,
and the Research Subject Protection Program (REREPYf Aurora St. Luke’s Medical
Center. Precautions were taken to protect the itgesftstudy participants and the
confidentiality of data. Only the minimal demograpmedical, and neuropsychological
data necessary for conducting this study were cielte These data were transferred from
medical records to data coding packets. Each packetssigned a unique identifier to
protect patient identity and maintain the confidity of data. Unique identifiers were
connected to patient names in a password-protelcteaiment that was deleted upon
completion of data entry. Data coding packets vgéweed in a locked cabinet in the
Center for Neuropsychological Services. Data wetered into a password-protected
database. Results and documentation of resultaghrmanuscripts or presentations will
maintain participant confidentiality.

Procedures
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Marquette University’'s IRB and Aurora St. Luke’stical Center RSPP/IRB
granted approval for this study. All patients uwdemt neuropsychological evaluation at
Aurora St. Luke’s Center for Neuropsychologicalvsas. January 2007 was chosen as
the study’s start date because that is when th&e€started consistently administering
the WMT. Pre-surgical patients had previously ugdae video-EEG monitoring at
Aurora St. Luke’s Regional Epilepsy Center to afteto classify their seizures. For the
neuropsychological evaluation, patients first cagtgd a clinical interview with Dr.
Joseph Cunningham, neuropsychologist. They wereatkrinistered a comprehensive
battery of neuropsychological tests and the WMTde&Dof test administration was not
controlled. Tests were administered accordingdaddrdized instructions per their
respective manuals. Patients were administeredaimputer version of the WMT. The
six main WMT subtests (IR, DR, CNS, MC, PA, and FRYye administered. Patients
were not administered the LDFR subtest as it igoopt. Neuropsychological tests were
scored according to standardized procedures odtiméheir respective manuals. Raw
neuropsychological data were converted into stahdaaled, or T-scores relative to
normative data. Scores were converted into petesnising a psychometric conversion
table. Please refer to the Measures section fornmdtion about the norms used to score
each test.

WMT data. During data collection, a discrepancy in the iptetation of IR, DR,
and CNS scores of 90 was discovered: Per the WMiualalR, DR, or CNS scores
“above90% correct” are interpreted as clear passes (G&X5, p. 9). IR, DR, or CNS
scores betweerB3% and 90%” should be interpreted with cautiore@a, 2005, p. 9).

However, per the WMT computer program printoutsyses of 90 on IR, DR, and CNS
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are interpreted as “pass,” and not as “cautiorstated in the manual. Through an e-mail
exchange, Dr. Green acknowledged this discrepansgare interpretation and advised
to use the interpretations provided in the manBal3reen, personal communication,
March 8, 2013). Therefore, Green’s (2005) normateemmended cutoffs were used to
score the WMT. As described in Table 1, patienteeveategorized into one of three
WMT performance groups:

Table 1
WMT Performance Group Criteria

WMT Performance Groups

Optimal Suboptimal GMIP
IR, DR, and CNS scores > At least one IR, DR, or CNS At least one IR, DR, or
90% (clear pass) score between 83 and 90% CNS score< 82.5%
(caution range) (clear fail) and & 30

point difference between
MC scores >70% At least one IR, DR, or CNS the mean of the easy

(non-warning range) score< 82.5% (clear fail) subtests (IR, DR, and

CNS) and the mean of

PA scores > 50% MC scores< 70% the hard subtests (MC,
(non-warning range) (warning range) PA, and FR)

PA scores< 50%
(warning range)

Note IR = Immediate Recognition; DR = Delayed RecagnitCNS = Consistency; MC
= Multiple Choice; PA = Paired Associates; FR =g-Recall; GMIP = General Memory
Impairment Profile.
Additionally, GMIP scores were calculated for altients in order to explore the validity
of the GMIP.

Neuropsychological dataFor each patient, neuropsychological test scores we
converted int@-scores based on standard or scaled scores. Thdomago convert the
scores to a common scale from which they coulddmepared. Doing so also allowed for

the generalizability of results to patients withlgpsy outside of this sample. Unlike in

Rohling et al. (2002)x-scores relative to patients within the sample wertecalculated.
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Rohling et al. used relatiescores because their sample was extremely hetexogen
as this sample was homogeneous, normats@res were preferred.

Following Rohling’s Interpretive Method (RIM; Mél & Rohling, 2001) for
analyzing neuropsychological data, each tesssore was assigned to one of the
following cognitive domains: (1) Verbal FunctionsR; language abilities, semantic
knowledge, crystallized abilities); (2) PerceptOayanizational (PO; visuospatial
abilities); (3) Executive Function (EF; cognitiveXibility, abstraction, problem solving);
(4) Learning and Memory (LM; immediate, delayedditary, visual); (5) Attention and
Concentration (AC; focus execute, sustained, sgaft, divided); (6) Processing Speed
(PS; psychomotor speed); and (7) Manual Dextekitip;(motor skills). These domains
are commonly used in neuropsychological researahefM: Rohling, 2001; Zakzanis,
Leach, & Kaplan, 1999). Tests and their respeciseores were categorized into
domains based on factor analytic studies that fdarified which tests load the highest
on which domain (e.g., Ardila, Galeano, & Rossdli98; Larrabee & Curtis, 1995;
Leonberger, Nicks, Larrabee, & Goldfader, 1992)wval as based on theoretical and
practice-related a priori classifications (e.g.zéle, 1995). Groupings were as follows:

(1) VF (nh = 6): WAIS-III (Vocabulary, Similarities, Inform@ain); BNT; MAE
Token Test; MAE Sentence Repetition

(2) PO (= 5): WAIS-III (Picture Completion, Block DesigNlatrix Reasoning);
JLO; FRT

(3) EF o =5): MAE COWA,; Category Fluency Test; TMT Part\WCST

(Perseverative Responses, Total Number of Errors)
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(4) LM (n = 13): WMS—IIl (LM | Recall Total, LM Il Recall T@l, LM |
Thematic Total, LM Il Thematic Total, LM Il % Retgan, VR | Recall Total, VR I
Recall Total, VR % Retention, VR Il Recognition @bt HVLT-R (Recall Total,
Delayed Recall, % Retention, Recognition/Discrinio)

(5) AC (n = 4): WAIS-III (Arithmetic, Digit Span, Letter-Nuber Sequencing);
TMT Part A

(6) PS (= 2): WAIS—III (Digit-Symbol Coding and Symbol Seh)

(7) MD (n = 6): Grooved Pegboard Test (bilateral); Grip &gth Test (bilateral);
FTT (bilateral)

Reliability analyses were conducted to exploréhelmmain’s internal consistency.
Coefficient alphas of each domain should be .7@gher, indicating that the tests that
make up the domain “hang together” (Nunnally, 19 R&sults indicated that the
domains possessed acceptable levels of reliabaiti, standardized coefficient alphas
ranging from .75 (EF domain) to .93 (LM domain)rEach domain, all corrected item-
total correlations were greater than .30, indigathmat the tests that constructed each
domain correlated well with the overall domain (&j&009). The deletion of tests from
their respective domains did not significantly ease any scale’s reliability; therefore,
no tests were removed from their original domains.

Next, per RIM, the mean of each domain was caled|ayielding a domain mean
z-score for each domain. The mean donzescores were then averaged, yielding a
domain test battery mean (DTBM; Miller & RohlingQ@1).

Power Analysis
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As inferential statistics were employed (e.g., ANQVhultiple regression,
simple linear regression), power analyses werewtted to determine sample size
estimates. A power analysis determines the minirmample size necessary for a
statistical test to find a significant differencéewn such a difference exists (the
probability of rejecting the null hypothesis wheimsifalse) (Cohen, 1988). For this study,
power analyses were conducted for each statisggstil A power analysis was not carried
our for research question 1, as inferential statistere not required to answer that
guestion. The following power analyses were caroetfor research questions 2 through
)

Research question 2Six one-way ANOVAs were conducted. Cohehvgas set
at .40 to detect a large effect (Cohen, 1992k ltyjpothesized that there will be large
effect sizes because the patients in each WMT préince group are expected, based on
normative data, to have large differences in theares on WMT subtests. For example,
a large effect size is expected between optimalsabdptimal performance groups on
the IR and DR subtests, given that a score of 90%Rrar DR (reflective of suboptimal
performance) is more than two standard deviati@svibthe normal adult control group
mean on IR or DR, and more than one standard davibelow the mean IR or DR score
in patients with severe TBI (Green, 2005). Furtlaescore of 82.5% (failure cutoff) on
IR is 5.5 standard deviations below the normal tacluhtrol group mean on IR (Green,
2005). A score of 82.5% on DR is 6.7 standard deria below the normal adult control
group mean on DR (Green, 2005). These normativestatved as rationale for using a
large effect size in the power analysis. Per Bonferadjustment results, an alpha value

of .008 was used to control for the multiple conmam problem that results from
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conducting six ANOVAs. Power was set at the geheealcepted level of .80 (Cohen,
1988). Number of groups was entered as three. Pamadysis results indicated that a
sample size of 96 was required to find statistycsiljnificant differences when such
differences exist. Although the N was slightly low = 81) than the suggested 96, it
was decided that it would be better to have a rostusly with data representative of
what was necessary to conduct the study ratheraharger sample size with
guestionable data. Additionally, it would have whiffit to recruit additional patients with
epilepsy to participate, as they only undergo ngsyohological evaluation when
medically necessary.

Research question 3Multiple regressions using dummy coding were cabeld
Cohen’sf®was set at .35 to detect a large effect (Coher8)L$8ationale for the
anticipated large effect sizes for each regressitwased on existing research examining
the relationship between PVT scores and neurop$ygical test scores (see
Constantinou et al., 2005; Green et al., 2001; Getal., 2002; Green, 2007; Rohling et
al., 2002; Stevens et al., 2008). Results of tkas#ies found that PVT scores accounted
for up to 54% of the variance in neuropsychologieats scores, witR? values ranging
from .35 to .54). As such, it was hypothesized thate would be similarly large effect
sizes in each regression and Cohéhigas therefore set at .35. The alpha value was set
at .05. Power was set at .80 (Cohen, 1988). Fotipleitegressions that included number
of years of education as a covariate, number aigi@s was entered as three. For
multiple regressions that did not include the c@atar number of predictors was entered

as two. Results indicated that a sample size ef&@&6required for multiple regressions
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with three predictors, and a sample size of 31negaired for multiple regressions with
two predictors. AN = 81, there was sufficient power to conduct thesayses.

Research question 4Two regressions were conducted; therefore, seppmater
analyses were carried out. First, a simple (biv@yilnear regression was conducted. In a
bivariate linear regression the data analyzedrees@ame as in a correlational analysis;
therefore, a bivariate normal model correlation poanalysis was conducted. The
hypothesis for this research question was onedtditeerefore, number of tails was
entered as one. CorrelatiprH1 was set at .50 to detect a large effect (Coh288).
Rationalization for the large effect size is basadxisting research examining the
performance of patients with significant cognitimgpairment (e.g., dementia) on the
WMT, NV-MSVT, and MSVT (see Green, 2005; Greenlet2009; Green et al., 2011,
Henry et al., 2009; Howe et al., 2007; Howe & Lgri2009; Singhal et al., 2009).
Results of these studies indicated that a subatantmber of patients who scored below
failure cutoff on at least one of the easy PV ssilsten the WMT, NV-MSVT, or MSVT,
and had significant cognitive impairment as evidghlby neuropsychological test scores
and clinical history, demonstrated a GMIP. Thus tiiis study, it was hypothesized that
if the GMIP indeed signifies the presence of sigaifit cognitive impairment such as that
seen in dementia, GMIP scores would predict, apdiaéx a large proportion of the
variance in, neuropsychological memory scores.us$ scorrelatiorp H1 was set at .50
to detect a large effect. The alpha value wasts@baPower was set at .80 (Cohen,
1988). Correlatiop HO was set at 0. Results indicated that a sanmpeo$ 23 was
required to detect a correlation coefficient ef .50 in the sample. Ad = 81, there was

sufficient power to conduct this analysis.
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The second analysis conducted was a multiple segme with a dichotomous
predictor variable. Cohenféwas set at .35 to detect a large effect (Coher8)198
Rationalization for the anticipated large effeaesis based on existing research with the
WMT and the MSVT (see Green, 2005; Green et a092Green et al., 2011; Howe et
al., 2007; Howe & Loring, 2009). Results of thegedges indicated that patients with
severe cognitive impairment (e.g., dementia) teriddestore below failure cutoff on at
least one PV subtest and hag 30-point difference between the mean of the eB% (
and hard (memory) WMT subtests (or 20-point difference on the MSVT). Thus, these
patients had GMIPs on the WMT or MSVT signifyingrsificant cognitive impairment
that was corroborated with clinical history and rogsychological test performance. In
this study, it therefore follows that patients wsttores below failure cutoff on at least
one PV subtest and GMIP score80 would likely have much lower neuropsychological
memory scores than patients with GMIP scores {A3Gsuch, a large effect size was
anticipated and CohenfSwas set to .35 to detect a large effect. The akalae was set
at .05. Power was set at .80 (Cohen, 1988). Numiaredictors was entered as two.
Results indicated that a sample size of 31 wasnmedjuAsN = 81, there was sufficient
power to conduct this analysis.

Research question 5Two hierarchical regressions were conducted. As th
regressions had different numbers of predictoqsaisge power analyses were conducted.
The first multiple regression had six predictorshén’sf>was set at .35 to detect a large
effect (Cohen, 1988). The rationale for the antitéidl large effect size is based on the
WMT normative research that established the hasdetests (MC, PA, FR) as the

memory subtests and the easier subtests (IR, DIS) @blthe PV subtests (Green, 2005).
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Therefore, it is hypothesized that the harder mgmeabtests will each explain a much
larger proportion of the variance in GMIP scorentiall each of the PV subtests. As
such, Cohen’§was set at .35. The alpha value was set at .05ePwes set at .80
(Cohen, 1988). Number of predictors was enteresba®fRkesults indicated that a sample
size of 46 was required. A$= 81, there was sufficient power to conduct timalgsis.

The second hierarchical regression had two predicCohen’$?was set at .35 to
detect a large effect (Cohen, 1988). It is hypasesthat there will be a large effect size
because the subtests that comprise the WMT menoonpasite have been identified
primarily as memory subtests (Green, 2005). If@&éIP is a valid indicator of
significant cognitive impairment, then the WMT meawmocomposite would be anticipated
to explain a much larger proportion of the variamc&MIP score than would the PV
composite. As such, Coherf'swas set to .35. The alpha value was set at .08ePwas
set at .80 (Cohen, 1988). Number of predictors evdered as two. Results indicated that
a sample size of 31 was required.Ms 81, there was sufficient power to conduct this
analysis.

Exploration of Covariates

For each research question, potential covariatesxyfrace, age, and education
level were explored by conducting a correlationlygsia between each potential covariate
and outcome variable (e.g., WMT subtest scores,Rs8¢bres, cognitive domain
scores, DTBM). Results indicated significant pesitcorrelations between education
level and the VF, PO, AC, and PS cognitive donzasores, as well as the DTBM. As
the majority of data violated the parametric asstionpof normality, Spearman’s

correlation coefficientsr{s) were computed and ranged from .24 to .30p&# .05).
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Thus, when indicated, education level was entesesl @variate in the multiple
regressions that explored the relationship betWedMI performance and
neuropsychological test scores. Education levelagasered around its grand mean
because, in multiple regression, the interceptasgnts the value of the outcome when
each of the predictors take a value of O (Fiel@20In this case, a value of 0 would
have been meaningless, as education level rangeddito 18.

No significant relationships were found betweencaadion level and the LM, EF,
or MD cognitive domairz-scores (alps > .05); therefore, education level was not edtere
as a covariate in the multiple regressions witlséh@utcome variables. No significant
relationships were found between the other potetdnzariates (sex, race, age) and WMT
subtest scores, GMIP scores, cognitive domaoores, or the DTBM,; therefore, these
variables were not considered to be covariatesaaand not included in analyses.

Data Analysis

Research question 1What are the base rates of optimal, suboptimal GividP
performance as measured by the WMT?

Data analysis methodFrequencies were run to calculate the numbeatépts
in each WMT performance group (optimal, suboptiraall GMIP). Patients were
categorized into groups based on the WMT normatiiteria described in the Procedures
section. Descriptives were run to obtain measuresmral tendency for the six WMT
subtests (IR, DR, CNS, MC, PA, and FR) in each Wp&fformance group.

Research question 2Are there differences on WMT subtest scores amoiiw

groups?
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Null hypothesis.There are no differences on WMT subtest scores griddi T
groups.

Alternative hypothesisPatients in the optimal performance group will&av
higher WMT subtest scores than patients in the stiinal performance and GMIP
groups.

Data analysis methodSix one-way ANOVAs were conducted to explore the
difference in mean WMT subtest scores among theetgroups. Multiple t-tests were
carried out to explore significant differences agngnoup means. A Bonferroni
adjustment was performed to explore whether obtidtierences were significant
(o .05/6 = .008). Effect sizes (Cohenswere calculated in order to establish the
magnitude of the differences in standard deviatioits. Cohen’sl was selected because
it is an appropriate effect size for comparisonsveen two means (Cohen, 1988), and
because it is preferred over Pearson’s correlato@fficientr as a measure of effect size
when group sizes are discrepant (McGrath & Mey@0g62.

Research question 3Are there differences in neuropsychological testes
among WMT groups?

Null hypothesisWMT performance will not predict neuropsychologitedt
scores.

Alternative hypothesisPatients with the highest WMT performance (optimal
performance group) will have higher neuropsychalalgiest scores than patients in the
suboptimal performance and GMIP groups.

Data analysis methodViultiple regression using dummy coding was coneldct

Multiple regression allows for the examination loé relationships involved when
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multiple predictor variables (also known as indefeet variables) are related to a single
outcome variable (also known as a dependent vaji§Gbhen & Cohen, 1983). Dummy
coding is a procedure that allows for the quarniatepresentation of a nominal
(categorical) predictor variable that has more tivamlevels (Cohen & Cohen, 1983).
Through dummy coding, a nominal predictor variakith multiple levels is transformed
into a set of) — 1 different predictorgg(= some number > 1), each representing one
aspect of the distinctions among thgroups (Cohen & Cohen, 1983). Dummy coding
uses dichotomous variables (zeros and ones) teegagroup membership.

In this study, dummy coding was used to code tidTVperformance predictor
variable. This variable was a nominal predictorwiitree levels (GMIP, suboptimal
performance, and optimal performance). Each lewad thansformed into separate
predictors, og groups, to represent distinctions in WMT performari€ach case was
assigned to only one of tlgegroups ¢ = 3; GMIP, suboptimal performance, or optimal
performance). As illustrated in Table 2, dummy cgdel variables were created,; @nd
Xz). X represented “significant cognitive impairment-neasstiX; represented
“suboptimalness.” A “1” or “0” represented whetlaepatient was, or was not, a member
of eachg — 1 group. This information was not representedfo of the groups because
doing so would have been redundant; a “0” for BGtandX,, indicated that the patient
was a member of the remaining optimal performamoapg which served as the
reference group. This group was chosen as thesrefergroup so that comparisons could
be made between the neuropsychological test peafacenof patients who were
considered to have performed optimally on the WMd those who received suboptimal

or GMIP ratings.
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Table 2

Dummy Coding

Group WMT Performance Level 1 X X2
G GMIP 1 0
Gy Suboptimal 0 1
G3 Optimal 0 0

Note GMIP = Genuine Memory Impairment Profile.

Multiple regression analyses were conducted fahgvdummy coding. Seven
multiple regressions with dummy coding were coned¢b explore the relationship
between WMT performance and each of the seven togmiomainz-scores. Education
level was entered as a covariate when indicatedgseits of the correlational analyses
previously described. Each cognitive domain (VF, EB, LM, AC, PS, and MD2-
score was entered as the outcome variable foestsective multiple regression. Forced
entry (also known as Enter), the regression meithadhich all predictors are
simultaneously forced into the model (Field, 20@%s used for the multiple regressions
that did not include the covariate. Hierarchicgressions were conducted for the
regressions that included the covariate. This s=sgoa method was used because
correlational analyses results revealed significalationships between the covariate and
certain outcome variables (VF, PO, AC, and PS dogndomainz-scores). Thus, the
covariate was entered in the first block as a ptedand both dummy variables were
entered (Forced entry) as predictors in the sebtouk.

Partial regression coefficient;), which indicate the amount and direction of net
change in the outcome variable, expressed in ohitse outcome variable, of a change
in one unit ofX;, will be reported for each dummy variable (Cohe&é&hen, 1983). The
effect of the partialling process on a dummy vdgdab to relates; to Ggy; for example, to

relate the GMIP groups@;) VF scores to the optimal group§4, reference group) VF
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scores. Regression coefficients for the covariallealgo be reported when indicated.
Zero-order correlation coefficients @lso known as Pearson correlation coefficients),
which represent the correlation between each piadand each outcome variable, will
be reported. The sign ofindicates the direction of the relationship, anthwlummy
variables, indicates whether the mean of the ouéceaniable, for example, B4, is
larger (positive) or smaller (negative) than theamef the outcome variable for
nonmembers oB; (Cohen & Cohen, 1983). The square of each zererarairelation
coefficient %) will also be reported, indicating the proportigithe variance in each
outcome variable accounted for by each predictarti&t correlation coefficientg()

will be reported, representing the correlation le®weach predictor and outcome
variable after common variance with other predgtwais been removed from both the
outcome and the predictor of interest (Stevens3200 other words, a partial correlation
coefficient represents the correlation betweerotiteome variable and a predictor, when
the effects of the other predictors on both thelister of interest and the outcome are
held constant (Cohen & Cohen, 1983; Field, 200§)afes of semi-partial (part)
correlation coefficientssf’) will also be reported, indicating the amount hyieh R? (the
proportion of the variance in an outcome varialtleoanted for by the predictor
variables) would be reducedX (in this case, either the GMIP or the suboptimialig)
were omitted from the predictor variables (Cohef&hen, 1983)R? values for each
multiple regression will be reported. Finally, Rfsprovides the proportion of the
outcome variable accounted for in the sample ardestimates that proportion in the

population, adjusteB’ values will also be reported (Cohen & Cohen, 1983).
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A multiple regression using dummy coding was reextducted to explore the
relationship between WMT performance and the DTBRE hierarchical method of
regression was used as, previously noted, a cbamdh analysis revealed a significant
relationship between the covariate and the DTBMusTlthe covariate was entered in the
first block as a predictor and both dummy variablese entered (Forced entry) as
predictors in the second block. The DTBM was emnt@®the outcome. Regression
coefficients will be reported, along withr?, pr, sr, R?, and adjuste&’ values.

Research question 4What is the relationship between GMIP scores andesc
on neuropsychological memory tests?

Null hypothesis GMIP scores will not predict memory test scores.

Alternative hypothesisPatients who score below failure cutoff on attiesse PV
subtest and have GMIP sco&e80 will have lower memory test scores than pasievith
GMIP scores < 30.

Data analysis methodl'wo regressions were conducted. In the first aig/ya
simple linear regression was conducted. GMIP se@®entered as the predictor and the
LM cognitive domaire-score (which represents memory tests) was ensex¢e
outcome variable. The regression coefficient wallrbported, along witR?, adjusted??,
r, andr?

In the second analysis, a multiple regression witlchotomous predictor
variable was conducted. The continuous GMIP vagialds transformed into a
dichotomous categorical variable to define twoidettgroups of GMIP performance:
patients with GMIP scores < 30 (“Non-GMIP” groupded as 0) and patients with

scores below failure cutoff on at least one PV estthnd GMIP scores30 (“GMIP”
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group; coded as 1). The LM cognitive domaiscore was entered as the outcome
variable. Regression coefficients will be repori@ong withR?, adjusted??, r, andr?.

Research question 5SHow much does each of the WMT subtests explair tota
GMIP score?

Null hypothesisEach WMT subtest score will account for the samewarhof
variance in GMIP score.

Alternative hypothesisMemory subtest (MC, PA, FR) scores will accoumtéo
greater proportion of the variance in GMIP scoantlwill PV subtest (IR, DR, CNS)
scores.

Data analysis methodA hierarchical regression was first conductedxansine
how much variance in GMIP score was accountedyardth WMT subtest score. Each
WMT subtest score was entered into its own blockth#e latter subtests are considered
the “memory subtests” of the WMT (Green, 2005)ythere entered into the regression
model first because they were hypothesized to besater importance in predicting
GMIP scores than were the PV subtests. As suctl;Rhgcore was entered into block
one, PA score into block two, MC into block thr&\S into block four, DR into block
five, and IR into block six. GMIP score was enteasdhe outcome variable. A value
will be reported. An adjustel? value, which adjusts the coefficient of determimaiR’)
to account for the fairly large number of predictariables in the regression model, will
also be reported. Zero-order and partial corratatimefficients will be reported.

The second hierarchical regression examined hoehrthe PV and the memory
subtests explained total GMIP score. WMT PV and mmgmaomposites were first

computed. The WMT PV composite score consisteti@fiverage of the IR, DR, and
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CNS scores. The WMT memory composite score comksddtéhe average of the MC, PA,
and FR scores. Reliability analyses were conduateithe composites. Results indicated
strong levels of reliability for both the PV comjgeqa = .90) and the memory composite
(o =.93). For each composite, corrected item-tataletations were greater than .70,
indicating that the subtests correlated well whtéitt respective composites. The deletion
of subtests from their respective composites didsigmificantly increase either
composite’s reliability; therefore, no subtests evemoved.

After determining that the composites possesseduate levels of reliability, a
hierarchical regression was conducted. As notedglibe subtests that comprised the
WMT memory composite have been identified primaagymemory tests (Green, 2005).
Therefore, the WMT memory composite was hypothessiadhave more importance in
predicting the outcome (GMIP score) and was entgrétbck one. The WMT PV
composite was entered in block two. GMIP score avdered as the outcome variable.
Zero-order and partial correlation coefficientslwié reportedR? and adjusteé® values
will also be reported.

Sample Size

Review of available medical records identified Ja®ients with epilepsy who
were referred for neuropsychological evaluatiomieein January 2007 and November
2012. Of these patients, 13 were seen for bothgme-post-surgical evaluations. As the
inclusion criteria for this study specified thatfp@pants must be pre-surgical candidates
or non-surgical, only pre-surgical data for theatgmts were used. Fourteen patients
were excluded from the study because they undemasitsurgical neuropsychological

evaluations only. Another fourteen patients werdwded because they were not
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administered the WMT. Twenty-two patients were ageld because they were not
administered the full battery of neuropsychologtesks. One patient was not eligible
because, although referred, did not go through thighevaluation. Another patient was
not eligible because the WMT was discontinued. fEmeaining 81 patients were
included for analyses.

Although smaller than anticipated, a sample sfZ&&lowvas sufficient to achieve
the power necessary for the majority of analysespdwer analyses provi@éstimatef
sample sizes necessary to detect effects, it wadetethat a slightly smaller N
sufficiently reflected a robust sample containing hecessary data required for each
analysis. Further, considering the retrospectiggeof this study and that patients with
epilepsy undergo neuropsychological evaluation arfign medically necessary,
recruiting additional patients would have posedlathallenge and a deviation from the
study’s design.

Data Screening

Accuracy of the data file.Prior to conducting data analyses, data were seteen
for errors and outliers. Frequencies for all vagalwere examined to ensure entered
values were within appropriate ranges. For contisuariables, the plausibility of means,
standard deviations, minimum, and maximums weren@xad. For categorical variables,
responses not part of the item scale (e.g., a nsgpof 6 on a scale that ranged from 1 to
5) were checked against respective patients’ datang packets and medical records. All
errors were corrected according to the data ireptgi medical records. After correcting
data entry errors, values for continuous variablese plausible (e.g., age at time of

neuropsychological evaluation ranged from 16 ty&érs oldM = 39.98,SD = 14.28),
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and values for categorical variables fell withiegefined ranges. An outlier was
identified in the variable examining frequency eizsires per month: One patient
reported experiencing 20 absence seizures, baghgtepisodes with impairment of
awareness and responsiveness (Devinsky, 20040ap€600 seizures per month).
Therefore, the median instead of the mean was tegpéwr this variable, as the median is
relatively unaffected by extreme scores at eitiner @& the distribution (Field, 2009).
Missing and problematic data.After IRB approval, an examination of the data
revealed that not all patients referred for evatuabetween January 2007 and November
2012 were administered the same battery of neuohpdygical tests. Two tests were
identified as especially problematic for differeeasons: The Brief Visuospatial Memory
Test—Revised (BVMT-R; Benedict, 1997), a visual mmgntest, was only administered
to 60 of the 81 participants (74%). The Wide RaAgkievement Test (WRAT;
Wilkinson, 1993; Wilkinson & Robertson, 2006) WdReéading subtest, which measures
letter and word decoding through letter identificatand word recognition, was
administered to all participants; however, 21 pai€26%) were administered the
WRAT-3 and 60 patients (74%) were administeredévesed WRAT-4. Although the
WRAT-3 and WRAT-4 Word Reading subtests inhereathy to measure the construct
of verbal functioning, the tests are not identenadl therefore theoretically represent the
construct in a different way. Rather than droppimg patients who were not administered
the BVMT-R and WRAT-4, these two tests were dropjpech the study to maintain the
study’sN. Further support for dropping these tests wastlgtonstructs they measure

were well represented by other tests completedlipagticipants.
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After dropping the BVMT-R and WRAT, only patiewsth complete
neuropsychological and WMT datasets were includgtie analyses. Although missing
data is common in research and can occur for atyaot reasons (Field, 2009), methods
used to deal with missing data (i.e., inputtingakerall sample mean of the item, using a
regression model to predict the missing value basethses with complete data; Little &
Rubin, 2001) were not implemented. Missing datautapon methods were not utilized
in order to ensure that the data included in tredyaes accurately reflected patients’
genuine neuropsychological test performance, rdtfar estimations or predictions. As a
result, 22 patients were excluded from the studyabse they were not administered the
full battery of neuropsychological tests, and thanewere missing significant amounts
of the neuropsychological data required to conthuetanalyses. As previously noted, 14
additional patients were excluded because they n@radministered the WMT. One
patient was excluded because the WMT was discogdinu

A discrete missing value of “99” was entered foresent missing or unknown
demographic data. Non-applicable demographic in&ion was left blank (e.g., if a
patient indicated that he/she was not employed;BEhgloyed” variable was coded “no,”

and the subsequent “Employment Status” variablelefablank).
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CHAPTER IV: RESULTS

Preliminary Analyses

Exploring assumptions of parametric testsThere are four assumptions of
parametric tests that were explored prior to cotidg@nalyses: normally distributed
data, homogeneity of variance, interval data, adependence (Field, 2009). Although
the first assumption can mean different thingdiferent statistical tests, it generally
means that the sampling distribution is approximyatermal. There are various ways to
examine normality, including checking data visuaihgpecting skewness and kurtosis
values, and comparing the distribution to a nordistribution to see if it differs (Field,
2009).

For data that were used in analyses (educatia, Ieguropsychological data, and
WMT data), histograms and probability-probabiliB-P) plots, skewness and kurtosis
values, and Kolmogorov-Smirnov (K-S) test resuftthe overall distribution were
examined to assess normality. Histograms, P-P,@ats skewness and kurtosis values
revealed that the majority of data were not nonynaitributed. These results were
further supported by K-S test results, which inthdathat 71% of data used in analyses,
Ds(81) ranging from .10 to .28s < .05, were significantly non-normal. As research
guestions 2 and 3 involved comparing WMT perforneagioups, the K-S tests were re-
conducted to investigate whether the distributibdaia was normal in each group.
Results revealed that data were more normallyibliged within the three groups
compared to the overall distribution. For the optifperformance group, 45% of data,
Ds(35) ranging from .15 to .3s < .05, were significantly non-normal. For the

suboptimal performance group, 43% of d&ia(29) ranging from .16 to .2fs < .05,
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were significantly non-normal. For the GMIP gro@8% of dataPs(17) ranging

from .21 to .39ps < .05, were significantly non-normal. Overallsessments of
normality indicated that much of the data were i$icgmtly non-normal and thus violated
the assumption of normality.

Homogeneity of variance is the assumption thaw#r&nce of one variable is
stable (i.e., fairly similar) at all levels of ahet variable (Field, 2009). This assumption
was explored for data in the three WMT performagi@aips. Levene’s tests results
revealed that for the majority of neuropsycholobdzta (84%), the variances were equal
for patients in the optimal, suboptimal, and GMmBups,Fs(2, 78) ranging from .02 to
3.00,ns Variances were also equal across groups fordgeitive domain variables and
the DTBM variableFs(2, 78) ranging from .20 to 2.68s However, for the WMT IR,
DR, CNS, MC, and GMIP variables, variances weraicantly different across the
three groupsis(2, 78) ranging from 3.53 to 19.§% < .05. The variances for three
neuropsychological variables (Category Fluency, %L T-R Delayed Recall, HVLT-

R Recognition/Discrimination) also differed sigodintly across the three groups(2,
78) ranging from 4.31 to 9.5ps < .05. Overall, results indicated that the asgionppf
homogeneity of variance was not met for all vagaldcross WMT performance groups.

The final two assumptions of parametric testediat data should be measured
at least at the interval level and should be inddpat (Field, 2009). In this study, data
were measured at the interval level. As indepeneleaac mean different things
depending on the test being conducted, independeniteelates to the assumptions of

ANOVA and multiple regression is detailed below.
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Approach to dealing with non-normality and unequalvariances.Various
transformations were explored to attempt to cortteetargely non-normal dataset.
Transforming data involves doing something to gaiebe of data to correct for
distribution problems, unequal variances, or orgl{&ield, 2009). Specific
transformations can be performed to correct fomskess and unequal variances;
however, the necessity and usefulness of perfortnamgformations is a complex,
debatable issue and depends on the robustness sifitistics performed (Field, 2009).
Robustness is the ability of a test estimate sizgithat are reliable even when the
normal assumptions of the statistic are not metldi-2009). For this study, log and
square root transformations were explored to cofoedhe positive skew and unequal
variances of some of the variables. The transfaonstwere not helpful, as some data
that were initially normal became non-normal anchealata remained non-normal
despite the transformation. As ANOVA and multipdgiression are considered fairly
robust tests, data were not transformed.

Sample Characteristics

Sample demographicsEighty-one patients met inclusion criteria and were
included in statistical analyses. As expectednthgority of patients (69%) were pre-
surgical, indicating that they underwent neuropsyagical evaluation to aid in the
determination of their candidacy for epilepsy suyg@atients ranged in age from 16 to
70 years oldNI = 39.98,SD= 14.28). The sample consisted of approximatelyakq
numbers of malesi(= 39) and females(= 42), the majority of whom identified as
Caucasian (86%). Most patients were either mafd&6o) or single (42%). Education

level ranged from 8 to 18 yeafd € 12.62,SD = 2.15). Slightly more than half of
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patients identified as unemployed (53%). It isljkidat some of these patients were

receiving Social Security Disability Insurance (Splecause of their epilepsy; in fact,

32% of patients reported that they were receiviB@®Eat the time of the evaluation,

while 30% of patients reported that they were 8tghtly more than one-third of

patients (38%) did not disclose SSDI status. Thpntg of patients were right-handed

(88%), and 57% denied a family history of sinistyalleft-nandedness). Mean WAIS-III

FSIQ score was in the high end of the low averagge M = 89.59,SD= 13.87). Mean

WAIS-1II Verbal IQ was also in the high end of tleev average rangeM = 89.96,SD =

13.39). Mean WAIS-III Performance 1Q was in the lend of the average rangd €

90.67,SD= 14.30) Table 3 provides more detailed demograjiiormation.

Table 3
Sample Demographid®l = 81)

Variable n %
Patient Status
Pre-surgical 56 69.1
Non-surgical 25 30.9
Gender
Female 42 51.9
Male 39 48.1
Age at NP Evaluation
16-19 6 7.4
20-29 18 22.2
30-39 15 18.5
40-49 18 22.2
50-59 17 21.0
60-69 6 7.4
70-79 1 1.2
Race
Caucasian 70 86.4
African American 5 6.2
Hispanic 5 6.2
Asian 1 1.2
Marital Status
Married 39 48.1
Never Married 34 42.0
Divorced 7 8.6
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Widowed
Employment Status
Unemployed
Employed
Student
Education Level
0-8 years
9-11 years
12 years
13-15 years
16-17 years
18-20 years
Handedness
Right-handed
Left-handed
Ambidextrous

1

43
31
7

3
11
36
19
10

2

71
8
2

1.2

53.1
38.3
8.6

3.7
13.6
44.4
23.5
12.3

2.5

87.7
9.9
2.5

Note NP = Neuropsychological.
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Epilepsy characteristics.Per inclusion criteria, all participants had been

diagnosed with epilepsy by a board certified neagisit. Age of seizure onset ranged

from birth to 65 years old{ = 22.77,SD = 1.90). Duration of seizure disorder ranged

from O to 63 yearsM = 16.96,SD= 1.75). The median number of seizures experienced

by patients per month was 3.50. The median is te@dor this variable to account for an

outlier (600 absence seizures per month), as tlieamés relatively unaffected by

extreme scores at either end of the distributioaldi-2009).

Data regarding the side of seizure onset werdablaifor approximately 83%

(67/81) of the sample; of those, 26 had seizurnesgrfrom the right hemisphere, 32

from the left hemisphere, and 9 had bilateral seifoci. Approximately 28% of patients

were diagnosed with left temporal lobe epilepsyE) and 24% were diagnosed with

right TLE. Data regarding number of seizure typesaeiavailable for approximately 96%

(78/81) of the sample; of those, 55% experiencexdmthree types of seizures, with

complex partial/partial generalized/generalizedrtiost frequently endorsed combined
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seizure type. Forty-five percent of patients exgrared one seizure type — simple partial,
complex partial, partial generalized, or generaliZ@ata regarding most common seizure
type were available for 95% (77/81) of the sam@lemplex partial seizures were the
most common type of partial seizure, experienceld® of patients. Tonic-clonic
seizures were the most common type of generalieedre, experienced at least once by
62% of the sample. Most patients (74%) never eepegd status epilepticus. The
majority of patients (64%) denied a family histafyseizures. All but two patients were
taking antiepileptic drugs (AEDSs) at the time of #wvaluation, with the majority (94%)
taking one to three AEDs.

Statistical Analyses

Research question 1What are the base rates of optimal, suboptimal GividP
performance as measured by the WMT?

Base rates of WMT performanc&requencies were conducted to calculate the
number of patients in each WMT performance grouprty-five patients (43%) were in
the optimal performance group and 29 patients (36&6¥ in the suboptimal
performance group. Seventeen (21%) patients weteeiGMIP group, indicating that
they likely performed poorly on the WMT becausesigihificant cognitive impairment
andnot because of suboptimal performance. Means andataudi@viations of the WMT

subtests and GMIP score for the WMT performancegsare presented in Table 4.
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Table 4
Optimal, Suboptimal, and GMIP Groups’ PerformanceVWWMT(N = 81)
WMT Group IR DR CNS MC PA FR GMIP
Optimal
M 98.57 98.57 97.43 92.14 87.14 56.07 19.23
SD 1.94 1.85 2.81 7.50 12.08 13.44 9.13
Suboptimal
M 90.78 92.33 86.38 7241 65.69 39.83 32.21
SD 11.61 3.53 10.87 14.12 14.06 12.97 11.50
GMIP
M 78.68 79.12 7221  39.71 38.82 20.29 43.47
SD 12.53 7.12 9.10 14.52 10.83 9.01 5.78

Note:IR = Immediate Recognition; DR = Delayed Recogniti@NS = Consistency;
MC = Multiple Choice; PA = Paired Associates; FRree Recall; GMIP = Genuine
Memory Impairment Profile.

As can be seen in Table 4, patients in the WMTnagdtperformance group
scored in the “clear pass” range (IR, DR, and CbiBes > 90%) on all WMT PV
subtests, and in the “non-warning range” (MC scor@®% and PA scores > 50%) on
the memory subtests. Patients in this group sduoigdter across all WMT subtests, and
obtained lower GMIP scores (suggesting that WMTquarance was not negatively
impacted by significant cognitive impairment), thaatients in the suboptimal and GMIP
groups. Performance in the suboptimal group was\venage, characterized by
“cautionary” (at least one IR, DR, or CNS scorenmstn 83 and 90%) rather than
“failure” (at least one IR, DR, or CNS scaté2.5%) scores across the PV subtests (IR,
DR, and CNS). Patients in the suboptimal group alsraged GMIP scores slightly
higher than the 30 cutoff; however, per the WMT manual, such ssoveuld indicate a
GMIP onlyif they hadailed one of the PV subtests. Patients who failed orthefirst
three PV subtests and had 80 point difference between the mean of the ealiests
(IR, DR, and CNS) and the mean of the hard sub{®kts PA, and FR) were placed into

the GMIP group, thereby assuring that each groupmuatually exclusive. Patients in the
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GMIP group averaged scores in the “failure” rang®ss the PV subtests and in the
“warning” range on the memory subtests (MC and FPaYients in this group also had
the highest GMIP scores, suggesting that theiroperdnce on the WMT was negatively
impacted by significant cognitive impairment.

Research question 2Are there differences on WMT subtest scores amoiMiw
groups?

Assumptions of ANOVAThe assumptions of ANOVA under which the
statistic is reliable are the same as those prsiyalescribed for all parametric tests:
normally distributed data, homogeneity of varianoterval data, and independence
(Field, 2009). For the current analyses, the lastassumptions were met: the outcome
variables (WMT subtest scores) were measured amterval scale and all observations
were independent of each other. However, as desthblow, the first two assumptions
were not met.

In ANOVA, normality refers to whether the distrimn of data is normal within
groups (Field, 2009). K-S tests were conductedvestigate normality. For the optimal
performance group, WMT subtest scolles(35) ranging from .15 to .3ps < .05, were
significantly non-normal. For the suboptimal penfiance group, WMT subtest scores,
Ds(29) ranging from .12 to .28s < .05, were significantly non-normal. For the GMI
group, the FR scor®(17) = .24 p < .05, was significantly non-normal; all other WMT
subtest scores for this group were normally digted. Overall, results indicated that
WMT subtest score distributions were significamtyn-normal in the optimal and
suboptimal performance groups, thereby violatirgahsumption of normality. Except

for the FR score, WMT subtest scores were nornthdiyibuted in the GMIP group.
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Exploratory transformations were conducted tomagtieto correct non-normal
data. Despite the transformations, WMT scores reetanon-normal; therefore, data
were not transformed. Although tRestatistic in ANOVA can be robust to violations of
normality when group sizes are equal (Field, 2000his study, group sizes were
unequal. Consequently, the accuracy offiksatistic was likely impacted by skew, and
the power o may have been affected by non-normality (Field, 00

In ANOVA, homogeneity of variance refers to whettiee variances in each
group are fairly similar (Field, 2009). This assuiop was explored for WMT subtest
scores in the groups. For IR, DR, CNS, and MC s;dhe variances were significantly
different for patients in the optimal, suboptimahd GMIP groupss(2,78) ranging
from 4.46 to 19.82ps < .05. However, for PA and FR scores, the vaganeere equal
across groups;s(2,78) ranging from .95 to .98s Overall, results indicated that the
variances of the majority of WMT subtest scoresensgnificantly different across
groups, and therefore the assumption of homogeneisylargely violated. Exploratory
transformations (i.e., log, square root, 1/squacs, reciprocal) were conducted to
attempt to correct for heterogeneity of variandé® transformations were not
particularly helpful; in fact, transformations cadsheterogeneity of variances for scores
that previously had similar variances (e.g., cotidigca reciprocal transformation
resulted in the variances for PA and FR scoresrhewpsignificantly different across
groups). As such, WMT data were not transformed.

While ANOVA is considered robust to violationstaimogeneity of variance
when samples sizes are equal (Field, 2009), itneasonsidered robust to such

violations in this study because sample sizes weegjual among WMT groups. Since
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the optimal group — the group with the largest damsze — had smaller variances in
most WMT subtest scores than the other groups smitaller sample sizes, theratio

may produce a significant result when there isifferg@nce between groups (Field, 2009).
To rectify the increased possibility of making go&yl error, Welch’s=, an alternativé-
ratio designed to be robust to violations of honmagfy of varianceis reported for the
ANOVAs that violated the assumption homogeneityarfance.

Differences on WMT subtest scores among groups one-way ANOVAs were
conducted to test for differences in mean WMT sstideores among the three groups.
The first ANOVA indicated that WMT IR scores diféat significantly across groups,
Welch’'s K2, 27.99) = 26.55) < .001. Post hoc comparisons using Bonferroni aefus
alpha levels of .008 (.05/6) indicated that tharopt group M = 98.57,SD= 1.94) had
significantly higher mean IR scores than the subagdt(M = 90.78,SD=11.61),p
=.003, Cohen’sl = .94, and GMIP groups= 78.68,SD= 12.53),p < .001, Cohen’'sl
= 2.22. Post hoc tests also revealed that the sualpgroup M = 90.78,SD= 11.61)
had significantly higher mean IR scores than thellG§roup M = 78.68,SD= 12.53) p
<.001, Cohen’sl = 1.00. Results indicated that, in general, patiemthe optimal group
had significantly higher IR scores than did pasantthe suboptimal and GMIP groups.
Mean IR scores for the optimal and suboptimal gsadiffered by nearly one standard
deviation, indicating a large difference in medvisan IR scores for the optimal and
GMIP groups differed by more than 2 standard denat reflecting a large difference in
means. On average, patients in the suboptimal dgnadgsignificantly higher IR scores
than did patients in the GMIP group. Mean IR scdoeshe suboptimal and GMIP

groups differed by one standard deviation, reprasgia large difference in means.
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The second ANOVA showed that WMT DR scores diffiesggnificantly across
groups,Welch's K2, 31.54) = 89.7(Qy < .001. Post hoc comparisons using the
Bonferroni adjustment indicated that the optimalugr M = 98.57,SD= 1.85) had
significantly higher mean DR scores than the subwgt(M = 92.33,SD= 3.53),p
<.001, Cohen’sl = 2.31, and GMIP group$A= 79.12,SD=7.12),p < .001, Cohen’'sl
= 3.74. Post hoc tests also revealed that the sualpgroup M = 92.33,SD= 3.53) had
significantly higher mean DR scores than the GMidug M = 79.12,SD=7.12),p
<.001, Cohen’sl = 2.35. Results indicated that, in general, patiemthe optimal group
had significantly higher DR scores than did pasentthe suboptimal and GMIP groups.
Mean DR scores for the optimal and suboptimal gsaliffered by more than two
standard deviations, indicating a large differeimceeans. Mean DR scores for the
optimal and GMIP groups differed by more than thaed a half standard deviations,
reflecting a large difference in means. On averpgaents in the suboptimal group had
significantly higher DR scores than did patientshe GMIP group. Mean DR scores for
the suboptimal and GMIP groups differed by moranttveo standard deviations,
representing a large difference in means.

The third ANOVA revealed that WMT CNS scores diffdrsignificantly across
groups,Welch’'s K2, 29.69) = 72.35) < .001. Post hoc comparisons using the
Bonferroni adjustment indicated that the optimalugr M = 97.43,SD= 2.81) had
significantly higher mean CNS scores than the stitnah (M = 86.38,SD= 10.87),p
<.001, Cohen’sl = 1.39, and GMIP group$A= 72.21,SD=9.10),p < .001, Cohen’'sl
= 3.74. Post hoc tests also revealed that the sualpgroup M = 86.38,SD= 10.87)

had significantly higher mean CNS scores than thBFRGgroup M = 72.21,SD= 9.10),
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p <.001, Cohen’dl = 1.41. Results indicated that, in general, patiemthe optimal
group had significantly higher CNS scores thangditients in the suboptimal and GMIP
groups. Mean CNS scores for the optimal and sublhabtgroups differed by more than
one standard deviation, indicating a large diffeeem means. Mean CNS scores for the
optimal and GMIP groups differed by more than thaed a half standard deviations,
reflecting a large difference in means. On averpgaents in the suboptimal group had
significantly higher CNS scores than did patientthe GMIP group. Mean CNS scores
for the suboptimal and GMIP groups differed by heane and a half standard
deviations, representing a large difference in mean

The fourth ANOVA indicated that WMT MC scores diféel significantly across
groups,Welch’'s K2, 34.29) = 107.36 < .001. Post hoc comparisons using the
Bonferroni adjustment indicated that the optimalugr M = 92.14,SD= 7.50) had
significantly higher mean MC scores than the subwogdt(M = 72.41,SD= 14.12),p
<.001, Cohen’sl = 1.75, and GMIP group$A= 39.71,SD= 14.52),p < .001, Cohen’s
d =4.54. Post hoc tests also revealed that the subalpyroup M = 72.41,SD= 14.12)
had significantly higher mean MC scores than thell&htoup M = 39.71,SD= 14.52),
p <.001, Cohen’dl = 2.28. Results indicated that, in general, patiemthe optimal
group had significantly higher MC scores than datignts in the suboptimal and GMIP
groups. Mean MC scores for the optimal and subadtgroups differed by more than
one and a half standard deviations, indicatinggelaifference in means. Mean MC
scores for the optimal and GMIP groups differedday and a half standard deviations,
reflecting a large difference in means. On averpgaents in the suboptimal group had

significantly higher MC scores than did patientsha GMIP group. Mean MC scores for
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the suboptimal and GMIP groups differed by moranttveo standard deviations,
representing a large difference in means.

The fifth ANOVA showed that WMT PA scores differsmnificantly across
groups,F(2, 78) = 86.06p < .001. Post hoc comparisons using the Bonferroni
adjustment indicated that the optimal grolp< 87.14,SD= 12.08) had significantly
higher mean PA scores than the suboptifek(65.69,SD= 14.06),p < .001, Cohen’s
= 1.64, and GMIP group$A = 38.82,SD= 10.83),p <.001, Cohen’sl = 4.21. Post hoc
tests also revealed that the suboptimal grddig 65.69,SD= 14.06) had significantly
higher mean PA scores than the GMIP grddp=(38.82,SD= 10.83),p < .001, Cohen’s
d = 2.14. Results indicated that, in general, pasi@mthe optimal group had significantly
higher PA scores subtest than did patients inubegimal and GMIP groups. Mean PA
scores for the optimal and suboptimal groups dfidsy more than one and a half
standard deviations, indicating a large differeimceneans. Mean PA scores for the
optimal and GMIP groups differed by more than fstandard deviations, reflecting a
large difference in means. On average, patientisarsuboptimal group had significantly
higher PA scores than did patients in the GMIP grdviean PA scores for the
suboptimal and GMIP groups differed by more thaa standard deviations, representing
a large difference in means.

The final ANOVA revealed that WMT FR scores diffdrggnificantly across
groups,F(2, 78) = 48.24p < .001. Post hoc comparisons using the Bonferroni
adjustment indicated that the optimal grolp< 56.07,SD= 13.44) had significantly
higher mean FR scores than the suboptiiat (39.83,SD= 12.97),p < .001, Cohen’'sl

=1.23, and GMIP group$A = 20.29,SD=9.01),p < .001, Cohen’sl = 3.13. Post hoc
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tests also revealed that the suboptimal gradig 39.83,SD= 12.97) had significantly
higher mean FR scores than the GMIP grddp=(20.29,SD=9.01),p < .001, Cohen’s
=1.75. Results indicated that, in general, pagieamthe optimal group had significantly
higher FR scores than did patients in the subop@amé GMIP groups. Mean FR scores
for the optimal and suboptimal groups differed byrenthan one standard deviation,
indicating a large difference in means. Mean FRescéor the optimal and GMIP groups
differed by more than three standard deviatiorfiectng a large difference in means.
On average, patients in the suboptimal group hgmifgiantly higher FR scores than did
patients in the GMIP group. Mean FR scores forstit@optimal and GMIP groups
differed by more than one and a half standard dievis, representing a large difference
in means.

Research question 3Are there differences in neuropsychological testes
among WMT groups?

Assumptions of multiple regressioi.o apply a regression model from a sample
to a population of interest, several assumptionstine met. Assumption 1 states that
predictor variables must be quantitative or categgrand that the outcome variable
must be quantitative, continuous, and unboundesldF2009). Quantitative predictors
should be measured at the interval level and catsdwariables must have two
categories (Field, 2009). In this study, quanti@&apredictors were measured at the
interval level. As the categorical predictor hacethcategories, dummy coding was used.
Outcome variables were unbounded, which meanghbeg were no restrictions on the

variability of the outcome (Field, 2009).
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Assumption 2 states that the predictors should sawge variation in value (Field,
2009). All predictors had variances greater thasighifying that Assumption 2 was met.

Assumption 3 indicates that there should be noegerulticollinearity, which
means that there should be no perfect linear oglgliip between two or more of the
predictors (Field, 2009). In other words, the peéalis should not correlate too strongly.
If predictors correlate too strongly, or perfectiyhpecomes nearly impossible to obtain
unique estimates of the regression coefficientabse there are a limitless number of
coefficient combinations that would work equallyl\W€&ield, 2009).

Multicollinearity can be identified through differfemethods. One method is to
scan a correlation matrix of the predictor variatdaed see if any correlate very highly
(> .80) (Field, 2009). Scanning a correlation matrfiyredictors revealed correlation
coefficients ranging from -.39 to .04, indicatirgt there were no strong correlations
between predictors. As this method may miss mdoestorms of multicollinearity, two
collinearity diagnostic statistics should also beaked: the variance inflation factor
(VIF) and the tolerance statistic (Field, 2009)eTF shows whether a predictor has a
strong linear relationship with the other preditsd(Field, 2009). A VIF greater than 10
is problematic (Myers, 1990), and an average VIBllothe predictors of considerably
greater than 1 indicates that the regression mdydsed (Bowerman & O’Connell,
1990). No regressions had VIFs greater than 10rageeVIFs were 1.13 for the
regressions with the covariate and 1.17 for theesgons without the covariate,
confirming that collinearity was not a problem tbe regression models.

The tolerance statistic is the reciprocal of th& Yfield, 2009). Tolerance values

below .1 reflect a serious problem, and valuesvbebare cause for concern (Menard,
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1995). Tolerance values ranged from .83 to .9&8Hemregressions with the covariate, and
were .85 for the regressions without the covariatteyiding further support for
collinearity not being problematic for the regressmodels.

Another way to investigate collinearity is to chehk collinearity diagnostics,
which provide eigenvalues of the scaled, uncenteress-products matrix, condition
indexes, and variance proportions (Field, 2009).tke regressions with the covariate,
the largest difference between eigenvalues was T2 difference was fairly small,
indicating that the eigenvalues were relativelyiimand that the regression models
were likely unchanged by small changes in the nredswariables. The condition
indexes are another way of expressing the eigeasaud symbolize the square root of
the ratio of the biggest eigenvalue to the eigaralf interest (Field, 2009). There are no
cutoffs for how much larger a condition index netalbe to reflect a problem with
collinearity. In this case, condition indexes dat mary too much from 1 (2.70 was the
largest value), suggesting that collinearity wasanproblem.

The final way to check for collinearity is to loédr predictors that have large
variance proportions on the same small eigenvasighis indicates that their regression
coefficients are dependent (Field, 2009). This firasexplored for regression models
that included the covariate. For the covariate ¢atdan level), 0% of the variance of the
regression coefficient was associated with eigarevabmber 1, 44% was associated with
eigenvalue number 2, 54% was associated with egdeevnumber 3, and 2% was
associated with eigenvalue number 4. For thedustimy variable representing
“GMIPness,” 7% of the variance of the regressioafitcient was associated with

eigenvalue number 1, 20% was associated with eadeevnumber 2, 24% was
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associated with eigenvalue number 3, and 49% wsacided with eigenvalue number 4.
For the second dummy variable representing “subwtiess,” 10% of the variance of
the regression coefficient was associated withreigkeile number 1, 9% was associated
with eigenvalue number 2, 11% was associated wggnealue number 3, and 71% was
associated with eigenvalue number 4. In these ssgne models, the two dummy
variables had substantial variance proportionsigengalue number 4, suggesting
dependency between these two variables. Howeveduoting a Pearson correlation
revealed a moderate, negative relationship betwesse variables = -.39,p < .001),
suggesting that strong collinearity was not present

Variance proportions were also checked for theaggjon models without the
covariate. For the first dummy variable, 7% of Waeiance of the regression coefficient
was associated with eigenvalue number 1, 42% wsaxceded with eigenvalue number 2,
and 50% was associated with eigenvalue numberr3hEsecond dummy variable, 10%
of the variance of the regression coefficient wesoaiated with eigenvalue number 1,
20% was associated with eigenvalue number 2, ab@Wwas associated with eigenvalue
number 3. Similar to the regression models withcitneariate, the dummy variables in
the regression models without the covariate hagidemable variance proportions on the
same small eigenvalue, suggesting some dependehegdn them. However, as these
variables were not found to highly correlate wigttle other(= -.39,p < .001), strong
collinearity was likely not problematic.

Assumption 4 states that predictors should notdoeslated to external variables,
which are variables not included in the regressimmdel that influence the outcome

variable (Field, 2009). This assumption was tebiedxploring the relationships between
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the predictors and the potential covariates of ssoe, age, and education level. As
described in Chapter 3, no significant correlativese found, indicating that
Assumption 4 was met.

Assumption 5 deals with homoscedasticity and sthissat each level of the
predictor variables, the variance of the resideiaht should be constant (Field, 2009). In
other words, at each level of the predictors, #sduals should have the same variance
(homoscedasticity). To check this assumption fehaagression model, the standardized
residuals (standardized differences between therebd data and the values predicted by
the model) were plotted against the standardizedigied values of the outcome variable
based on the model. If the graph reflects homosteity, data should appear to be
evenly distributed around zero (Field, 2009). # thata funnel out, then the graph likely
indicates heteroscedasticity, or that the variaacesery unequal (Field, 2009). A
curved graph indicates that the assumption of titehas likely been broken (Field,
2009). Graphs funneled out for the majority of tegression models (models with the
DTBM and the VF, PO, AC, and PS domains as outcaami@bles), indicating that there
was heteroscedasticity in the data. For the EF, &hd, MD regressions, residuals were
spread across three separate vertical lines. Rasitdlad unequal variances at various
levels of the predictor, indicating heteroscedasgtiwas also a problem for these
regression models. Although the residuals were@ted into three separate vertical lines
for the LM and MD regressions, the residuals wespectively relatively symmetrically
distributed around O at each level of the predjdtaticating that there was a linear
relationship between WMT performance and theseetsge domain scores. However,

for the EF regression, residuals were mostly negatihen the predicted value of Y was
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approximately -1.5, mostly positive when the présticvalue of Y was slightly smaller
than 0, and mostly negative when the predictedevafly was 1. These results suggested
that the relationship between WMT performance aRdé&ores was not linear. Overall,
the assumption of homoscedasticity was violateclioof the regression models. As
previously described, transforming the data didimgrove non-normality or
heterogeneity of variance, and thus, data remaing@nsformed. Failure to meet this
assumption means that findings cannot be geneddiegond this sample.

Assumption 6 states that residual terms shouldnioerelated for any two
observations (Field, 2009). The Durbin-Watson iesised to test this assumption. Test
statistic values can range from 0 to 4 with a valu2 signifying that the residuals are
uncorrelated (Field, 2009). Durbin-Watson valuesyeal from 1.68 to 2.17 for the
regression models, suggesting that the residuails lasgely uncorrelated.

Assumption 7 states that the residuals in eaclessgn model are random,
normally distributed variables with a mean of, erywclose to, zero (Field, 2009). To
check the normality of residuals, histograms ananab P-P plots were examined for
each model. For the VF model, the histogram distitim appeared slightly non-normal
with slight deviations from normality also evidedoan the normal P-P plot. For the
DTBM and the PO, EF, LM, MD, AC, and PS modelstdgsam distributions were
largely normal though normal P-P plots evidenceghsldeviations from normality.

Assumption 8 states that all of the values of thie@me variable are independent
(Field, 2009). This assumption was met, as alleslof each outcome variable came

from a different patient.
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The final assumption states that the relationskipdomodeled is a linear one. As
noted above, a residual versus predicted scattegiealed a nonlinear relationship
between WMT performance and EF scores. As suclgeheralizability of findings from
this regression is extremely limited. All otherabnships modeled were linear.

Assessing the regression models: Diagnost@stliers and influential cases
should be explored to see whether the model féotiserved data well (Field, 2009).
Outliers are cases that substantially differ fréwe majority of observed cases, and can
add bias to a regression model because they inegtintated regression coefficient
values (Field, 2009). Outliers can be identifiedchgcking standardized residuals.
Standardized residuals with absolute values grélader 3.29 are likely problematic
(Field, 2009). If more than 1% of the sample hasdardized residuals with absolute
values greater than 2.58, or, if more than 5% efséimple has standardized residuals
with absolute values greater than 2, the model Ioeagn inaccurate representation of the
sample data (Field, 2009). Standardized residuate whecked for each model. No
model had cases with standardized residuals wiblate values greater than 3.29. For
three regression models (EF, MD, and DTBM), moenth% of their samples had
standardized residuals with absolute values grélader 2.58: the EF and DTBM
regression models each had 1 case (1.23%) outsdentit, and the MD regression
model had 2 cases (2.47%) outside the limit. Aslits values of standardized residuals
for these regression samples were between 1 tof 2%at was expected, it was
concluded that the samples largely appeared tooonio what would be expected for
fairly accurate models. Only the LM regression niddel slightly more than 5% of cases

(6.17%) that had standardized residuals with absefalues greater than 2. However, as
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this sample was within 1.17% of what was expedtedlas concluded that the sample
appeared to conform to what would be expected fairly accurate model.

Regression models were also checked for influenéiaés. Adjusted predicted
values were compared to predicted values to ertbateases did not have large
influences over the model. For each model, all stép predicted values were very
similar to predicted values, suggesting that thel@lowere stable. Cook’s Distances,
which are measures of the influence of a case @mitdel (Cook & Weisberg, 1982),
were examined. Cook’s values greater than 1 ineliagiossible problem (Cook &
Weisberg, 1982). No model contained cases with Goalues close to 1, suggesting
that there were no cases that greatly influencet esdel’s ability to predict all cases.
Average leverage values, which are measures dftaet of the observed value of the
outcome over the predicted values (Field, 2009jewalculated for each regression.
Following recommendations from Hoaglin and Welst®78) and Stevens (2002), cases
were examined to check for values two to three digreater than the average leverage
value for each model. For all models, all caseswéthin the boundary of three times
the average leverage; however, five models (VF,AQ,PS, and DTBM) had one case
each that was slightly greater than two times tlexage leverage. As the number of
cases outside the smaller of the recommended aéragrage values was very small, no
cases were considered to have undue influenceslowenodel. Mahalanobis distances,
which indicate the distance of cases from the meétise predictors (Field, 2009), were
examined for high values. For smaller sample qi&es 100) with around 3 predictors,
Mahalanobis distances greater than 15 are trouilegbield, 2009). Mahalanobis

distances ranged from 1.30 to 9.32 across moaelgating that values were well within
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suggested parameters. Standardized DFBeta valbés) imdicate differences between
parameters of regression models estimated usirngsdls and estimated with one case
excluded, were investigated. Standardized BFBeitiisalbsolute values greater than 1
identify cases that markedly affect the model patans (Field, 2009). All standardized
DFBeta absolute values were less than 1. Finablyaigance ratios (CVRSs), which are
measures of whether a case impacts the variartbe oégression parameter (Field,
2009), were examined. Per recommendations fromeBeléuh, and Welsch (1980),
cases were examined for CRV values greater thdnsliioree times the leverage and for
CRYV values less than 1 minus three times the Igeerall CVRs fell within, or just
outside, recommended ranges. Overall, examinafitimlese values suggested that no
influential cases were present in the regressiodatso

Exploration of the covariateThe independence of the covariate (education level)
and treatment effect (WMT performance) was explgneor to conducting regression
analyses. Levene's test indicated that for educdéwel, the variances were equal for
patients in each WMT group(2, 78) = 2.03ns Thus, the experimental effect was not
confounded with the effect of the covariate.

Differences in VF test scores among WMT performarg®ups.Correlation and
multiple regression analyses were conducted to sadifferences in VF scores among
WMT performance groups after controlling for edimatevel. Table 5 summarizes the
descriptive statistics and correlational analysssilts. As can be seen, there was a
significant positive correlation between educat®rel and VF scorescoy (79) = .23p
< .05, indicating that patients with more yeargeadfication had higher VF scores.

Education level accounted for 5% of the variancefnscorest’coy = .05,p < .05.
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GMIPness was significantly negatively correlatethiF scorest x1(79) = -.41p

<.001, indicating that the mean of the VF sconethe GMIP group was smaller than the
mean of the VF scores for non-GMIP group membeklRBess accounted for 17% of
the variance in VF scoresy; = .17,p < .001. Suboptimalness was not significantly
correlated with VF scoresxx(79) = -.01,p = ns indicating that the mean of the VF
scores in the Suboptimal group was not signifigadifferent than the mean of the VF
scores for non-Suboptimal group members.

Table 5

Correlation Coefficients, Means, and Standard Deeigs for WMT
Performance Dummy Variables, Education Level Catariand VF Scores

r

Variables Y Ccov X X5 rayi
Y 1.00 23 - AT -.01 -
CcoVv 23 1.00 .04 -.16 .05
X1 -417 .04 1.00 -39 177
X5 -.01 -.16 -39 1.00 .00
M -.54 .00 21 .36

SD .66 2.15 41 48

Note.Y = VF scores; COV = education level; X GMIP group;
X2 = suboptimal group; = zero-order (Pearson) correlation coefficient.
p<.05. p<.001.

Table 6 displays partial and semipartial (partyelation coefficients between the
predictors and VF scores. As can be seen, therawamificant positive relationship
between education level and VF scores after comvadance with the dummy variables
was removed from both the education level covafi@sidualized predictor) and VF
score outcome variable (residualized outcompe)o(77) = .25, < .05. There was also a

significant positive relationship between educatmrel and VF scores after removing

variance that the education level covariate hatbmmon with the dummy variables,
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Stcol77) = .22, p < .05. Education level uniquely accounted for 5%hef variance in VF
scoressrcov = .05,p < .05.

There was a significant negative difference, imaational terms, in VF scores
between the GMIP and optimal (reference) groupdihglconstant the effects of
education level and Suboptimalness on both the Givitiap and VF scoreprxi(77) =
-.46,p < .001. Nineteen percent of the variance in VF&sovas accounted for by
defining GMIP as a category distinct from the ogtirmategorysrx; = .19,p < .001. In
other words, 19% of the variance in VF scores wadained by the fact that the GMIP
group averaged different VF scores than the optgralp. Additionallysr?indicates the
amount by whichR? would be reduced if Xvere omitted from the predictor variables
(Cohen & Cohen, 1983). This means that the losseotlistinction between the GMIP
and optimal groups would result in a loss of 19%hefvariance accounted for in VF
scores, or, tha® would drop from .25 to .06.

There was not a significant difference, in cotielzal terms, in VF scores
between the suboptimal and optimal groups whertieets of education level and
GMIPness on both the suboptimal group and VF soeegs held constanprx(77) = -
.17,p =ns A significant portion of the variance in VF scemas not accounted for by
defining suboptimal as a category distinct fromapémal categorysr’x. = .02,p = ns
Table 6
Partial and Semipartial Correlation Coefficients fd/MT

Performance Dummy Variables, Education Level Catari
and VF Scores

Variables pr; St SFi
coVv 25 22 .05
X1 -46" -44” 197
Xo -17 -.14 .02

Note.pr; = partial correlation coefficiengr; = semipartial
(part) correlation coefficientp < .05.  p<.001.
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The overall regression model was statisticallypsigant, F(3, 77) = 8.58p
<.001. As shown in Table 7, education level alaceounted for 5% of the variance in
VF scoresF(1, 79) = 4.38p < .05, and the WMT performance dummy variables
explained an additional 20% of the varian€gangé2, 77) = 10.16p < .001. Thus, a total
of 25% of the variance in VF scores was explaingdducation level and WMT
performance. More specifically, holding WMT perfante constant, each additional
year of education was associated with a .07 inerea¥F scores. Controlling for the
effects of education level and suboptimalnessgtiaers a significant difference between
the mean VF scores of GMIP and optimal group meml#s a patient changed from
performing optimally on the WMT to having a GMIPrfigmance, VF scores decreased
by .77 points. In other words, patients in the GIgtBup averaged VF scores .77 points
lower than patients in the optimal group. Mean ¢bres between patients in the
suboptimal and optimal groups were not found taificantly differ, indicating that VF
scores were relatively similar whether patient$grared optimally or suboptimally on
the WMT. Mean VF scores for each WMT performancaugrare presented in Table 8.
Table 7

Summary of Hierarchical Regression Analysis fofédé&nces in VF Scores Among WMT
Performance Groups Accounting for Education Léiet 81)

Model 1 Model 2
Variables B SEB Beta B SEB Beta
Constant -.54 .07
CcoVv .07 .03 .23
Constant -.30 .10
CcoVv .07 .03 22
X1 -77 17 -48
X5 -.22 15 -.16

Note.B = unstandardized regression coeffici€3E B= standard error of the regression
coefficient;Beta = standardized regression coefficient; ModeR4= .05 p < .05),
adjusted?? = .04; Model 2R = .25 p < .001), adjuste® = .22,AR* = .20 p < .001).
"p<.05." p<.001.
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Table 8

WMT Performance Groups’ Mean VF Scores
WMT Performance Group Mean VF Scores
Optimal -.30

GMIP -1.07
Suboptimal -.52

Note.Scores are presentedzscores.

Differences in PO test scores among WMT performamgeups.Correlation and
multiple regression analyses were conducted to sadifferences in PO scores among
WMT performance groups after controlling for edumatevel. Table 9 summarizes the
descriptive statistics and correlational analysssilts. As can be seen, there was a
significant positive correlation between educat®rel and PO scoreszo79) = .31p
< .01, indicating that patients with more yeargafication had higher PO scores.
Education level accounted for 10% of the variamcB® scores?cov = .10,p < .01.
GMIPness was significantly negatively correlate¢thvi?O scoregx1(79) = -.40,p
<.001, indicating that the mean of the PO scaréke GMIP group was smaller than the
mean of the PO scores for non-GMIP group membéwiP@ess accounted for 16% of
the variance in PO scorady; = .16,p < .001. Suboptimalness was not significantly
correlated with PO scoressq(79) = -.06,p = ns indicating that the mean of the PO
scores in the suboptimal group was not signifigadifferent than the mean of the PO

scores for non-suboptimal group members.
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Table 9
Correlation Coefficients, Means, and Standard Deeiss for WMT
Performance Dummy Variables, Education Level Catariand PO Scores

r

Variables Y CcoV X X5 ryi
Y 1.00 31 -40 .06 -
CcoV 31 1.00 .04 -.16 .10
X1 -407 .04 1.00 -39 16"
X5 -.06 -.16 -3 1.00 .00
M =27 .00 21 .36

SD 76 2.15 41 48

Note.Y = PO scoresp < .05.  p<.01.” p<.001.

Table 10 displays partial and semipartial correfatoefficients between the
predictors and PO scores. As can be seen, thera sigsificant positive relationship
between education level and PO scores after convaigance with the dummy variables
was removed from both the education level covaaatkthe PO outcome variable,
prco77) = .34p < .01. There was also a significant positive relahip between
education level and PO scores after removing veeidinat the education level covariate
had in common with the dummy variablegoy (77) = .31p < .01. Education level
uniquely accounted for 10% of the variance in P@eassrcov = .10,p < .01.

There was a significant negative difference, iraational terms, in PO scores
between the GMIP and optimal groups holding corgtemeffects of education level and
suboptimalness on both the GMIP group and PO sgore$77) = -.42p < .001. Fifteen
percent of the variance in PO scores was accodotdxy defining GMIP as a category
distinct from the optimal categorgt’x; = .15,p < .001. The loss of the distinction
between the GMIP and optimal groups would resudt lass of 15% of the variance

accounted for in PO scores, or, tRAwould drop from .26 to .11.

www.manaraa.com



106

There was not a significant difference, in cotielzal terms, in PO scores
between the suboptimal and optimal groups whertieets of education level and
GMIPness on both the suboptimal group and PO seages held constanpry(77) =
-.06,p = ns A significant portion of the variance in PO s®weas not accounted for by
defining suboptimal as a category distinct fromapémal categorysr’x. = .00,p = ns
Table 10
Partial and Semipartial Correlation Coefficients fd/MT

Performance Dummy Variables, Education Level Catari
and PO Scores

Variables pri St SFi

COV 347 31 10°
X1 427 -397 157
X -.06 -.05 .00

Note.'p<.05." p<.01.” p<.001.

The overall regression model was statisticallysigant, F(3, 77) = 9.07p
<.001. As shown in Table 11, education level alaceounted for 9% of the variance in
PO scores(1, 79) = 8.21p < .01, and the WMT performance dummy variables
explained an additional 17% of the varian€gangé2, 77) = 8.70p < .001. Thus, a total
of 26% of the variance in PO scores was explairyeedocation level and WMT
performance. More specifically, holding WMT perfante constant, each additional
year of education was associated with a .11 inereaBO scores. Controlling for the
effects of education level and suboptimalnessgthers a significant difference between
the mean PO scores of GMIP and optimal group mesnBera patient changed from
performing optimally on the WMT to having a GMIPrfigmance, PO scores decreased
by .80 points. Stated differently, patients in @ IP group averaged PO scores .80
points lower than patients in the optimal group.aM®&O scores between patients in the

suboptimal and optimal groups were not found taificantly differ, indicating that PO
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scores were relatively similar whether patient$grared optimally or suboptimally on
the WMT. Mean PO scores for each WMT performanceigrare presented in Table 12.
Table 11

Summary of Hierarchical Regression Analysis foféd&nces in PO Scores Among WMT
Performance Groups Accounting for Education L&t 81)

Model 1 Model 2
Variables B SEB Beta B SEB Beta
Constant =27 .08
Ccov 11 .04 31
Constant -.07 A1
CcoVv 11 .04 31
X1 -.80 .20 -43
X5 -.08 17 -.05

Note.Model 1:R = .09 p < .01), adjuste® = .08; Model 2R = .26 p < .001),
adjusted® = 23 AR*=.17 <.001)." p<.01.”" p<.001.

Table 12

WMT Performance Groups’ Mean PO Scores
WMT Performance Group Mean PO Scores
Optimal -.07

GMIP -.87
Suboptimal -.15

Note.Scores are presentedzascores.

Differences in EF test scores among WMT performarmg®ups.Correlation and
multiple regression analyses were conducted to emadifferences in EF scores among
WMT performance groups. Table 13 summarizes thergewe statistics and
correlational analyses results. As can be seenRabts was significantly negatively
correlated with EF scores:(79) = -.35,p < .01, indicating that the mean of the EF
scores in the GMIP group was smaller than the noédime EF scores for non-GMIP
group members. GMIPness accounted for 12% of thien@e in EF scores’; = .12,p

<.01. Suboptimalness was not significantly coteslawith EF scoresx»(79) =-.11p=
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ns indicating that the mean of the EF scores irstit®optimal group was not
significantly different than the mean of the EFresofor non-suboptimal group members.
Table 13

Correlation Coefficients, Means, and Standard Dgweiss for
WMT Performance Dummy Variables and EF Scores

r

Variables Y X Xo ryi
Y 1.00 -35 11 -
X1 -35° 1.00 -.39" 127
X5 -11 -397  1.00 .01
M -75 21 .36

SD .88 41 48

Note.Y = EF scores.p<.01.” p<.001.

Table 14 displays partial and semipartial correfatoefficients between the
predictors and EF scores. As is evident, thereansignificant negative difference, in
correlational terms, in EF scores between the Gafié? optimal groups holding constant
the effect of suboptimalness on both the GMIP grangh EF score®rxi(78) = -.42p
<.001. Eighteen percent of the variance in EFearas accounted for by defining
GMIP as a category distinct from the optimal catggsr’x; = .18,p < .001. The loss of
the distinction between the GMIP and optimal growpsild result in a loss of 18% of the
variance accounted for in EF scores, or, Bfatould drop from .19 to .01.

There was also a significant negative differemteprrelational terms, in EF
scores between the suboptimal and optimal grougn e effect of GMIPness on both
the suboptimal group and EF scores was held cangtag(78) = -.28,p < .05. Seven
percent of the variance in EF scores was accodatduy defining suboptimal as a

category distinct from the optimal categosyx, = .07,p < .05. The loss of the
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distinction between the suboptimal and optimal geowould result in a loss of 7% of the
variance accounted for in EF scores, or, Bfatould drop from .19 to .12.
Table 14

Partial and Semipartial Correlation Coefficients fd/MT
Performance Dummy Variables and EF Scores

Variables pr; St SFi
X1 -427 -427 18"
X -.28 -.26 .07

Note.'p<.05.” p<.001.

The regression model was statistically signific&(®, 78) = 9.02p < .001, and
accounted for 19% of the variance in EF scoRés=(.19, Adjusted?’ = .17). As shown
in Table 15, controlling for the effect of subopéiimess, there was a significant
difference between the mean EF scores of GMIP atichal group members. As a
patient changed from performing optimally on the Wk having a GMIP performance,
EF scores decreased by .98 points. In other wpatgnts in the GMIP group averaged
EF scores .98 points lower than patients in thera@dtgroup. Holding constant the effect
of GMIPness, there was also a significant diffeecbetween the mean EF scores of
suboptimal and optimal group members. As a patibahged from performing optimally
to suboptimally on the WMT, EF scores decreasedbyoints, indicating that patients
in the suboptimal group averaged EF scores .5tptmwer than patients in the optimal

group. Mean EF scores for each WMT performancepgera presented in Table 16.
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Table 15
Summary of Regression Analysis for DifferencesHin E
Scores Among WMT Performance Gro(igs- 81)

Variables B SE B Beta
Constant -.36 14

X1 -.98 24 -46
X -.51 20 -.28
Note.R* = .19 p < .001), adjuste® = .17. p < .05.
" p<.001.

Table 16

WMT Performance Groups’ Mean EF Scores
WMT Performance Group Mean EF Scores
Optimal -.36

GMIP -1.34
Suboptimal -.87

Note.Scores are presentedzscores.

Differences in LM test scores among WMT performangeups.Correlation
and multiple regression analyses were conducteddamine differences in LM scores
among WMT performance groups. Table 17 summarleesliéscriptive statistics and
correlational analyses results. As can be seenRabts was significantly negatively
correlated with LM scoresxi(79) = -.54p < .001, indicating that the mean of the LM
scores in the GMIP group was smaller than the noé#ime LM scores for non-GMIP
group members. GMIPness accounted for 29% of thian@e in LM scores’; = .29,p
<.001. Suboptimalness was not significantly caed with LM scores,x2(79) = -.09p
=ns indicating that the mean of the LM scores inghboptimal group was not
significantly different than the mean of the LM se®for non-suboptimal group

members.
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Table 17
Correlation Coefficients, Means, and Standard Dgweiss for
WMT Performance Dummy Variables and LM Scores

r

Variables Y X X5 ryi

Y 1.00 -547  -.09 -
X1 -547  1.00 -.39" 297
X5 -.09 -397  1.00 .01
M -73 21 .36

SD .88 41 48

Note.Y = LM scores. p<.001.

Table 18 displays partial and semipartial correfatoefficients between the
predictors and LM scores. As can be seen, therevgagmificant negative difference, in
correlational terms, in LM scores between the Gl optimal groups holding constant
the effect of suboptimalness on both the GMIP graxgh LM scoresprxa(78) = -.63p
<.001. Thirty eight percent of the variance in Iskbres was accounted for by defining
GMIP as a category distinct from the optimal catggsr’x, = .38,p < .001. The loss of
the distinction between the GMIP and optimal growpsild result in a loss of 38% of the
variance accounted for in LM scores, or, tRatvould drop from .40 to .02.

There was also a significant negative differemteprrelational terms, in LM
scores between the suboptimal and optimal groug e effect of GMIPness on both
the suboptimal group and LM scores was held cohgtan(78) = -.38p < .01. Ten
percent of the variance in LM scores was accoufttedy defining suboptimal as a
category distinct from the optimal categas¥x. = .10,p < .01. The loss of the
distinction between the suboptimal and optimal geowould result in a loss of 10% of

the variance accounted for in LM scores, or, ffawvould drop from .40 to .30.
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Table 18
Partial and Semipartial Correlation Coefficients fd/MT
Performance Dummy Variables and LM Scores

Variables pri St SFi
X1 -63” -62" 38"
X -.38 -.32 .10

Note.” p<.01.” p<.001.

The regression model was statistically signific&(2, 78) = 25.68p < .001, and
accounted for 40% of the variance in LM scos< .40, Adjusted?® = .38). As
displayed in Table 19, controlling for the effe€tsoboptimalness, there was a significant
difference between the mean LM scores of GMIP grtch@l group members. As a
patient changed from performing optimally on the Wk having a GMIP performance,
LM scores decreased by 1.45 points. In other waralsents in the GMIP group
averaged LM scores 1.45 points lower than patientise optimal group. Holding
constant the effect of GMIPness, there was alsgrafisant difference between the mean
LM scores of suboptimal and optimal group memb&ssa patient changed from
performing optimally to suboptimally on the WMT, Ltores decreased by .63 points,
indicating that patients in the suboptimal groupraged LM scores .63 points lower than
patients in the optimal group. Mean LM scores facleWMT performance group are
presented in Table 20.
Table 19

Summary of Regression Analysis for Differencesvn L
Scores Among WMT Performance Gro(igs= 81)

Variables B SEB Beta
Constant -.20 A2

X1 -1.45 .20 -.68
X5 -.63 17 -35
Note.R* = .40 p < .001), adjuste® = .38.  p< .01.
"™ p<.001.
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Table 20

WMT Performance Groups’ Mean LM Scores

WMT Performance Group Mean LM Scores
Optimal -.20

GMIP -1.65
Suboptimal -.83

Note.Scores are presentedzscores.

Differences in AC test scores among WMT performargreups.Correlation and
multiple regression analyses were conducted to amadifferences in AC scores among
WMT performance groups after controlling for edimatevel. Table 21 summarizes the
descriptive statistics and correlational analysssilts. As can be seen, there was a
significant positive correlation between educat®rel and AC scoresco79) = .25p
< .05, indicating that patients with more yeargadfication had higher AC scores.
Education level accounted for 6% of the variancA@scorest’coy = .06,p < .05.
GMIPness was significantly negatively correlatethvAC scorestxi(79) = -.37p
<.001, indicating that the mean of the AC sconetheé GMIP group was smaller than the
mean of the AC scores for non-GMIP group membekdIRBess accounted for 14% of
the variance in AC scoresy; = .14,p < .001. Suboptimalness was not significantly
correlated with AC scoresy,(79) = -.12,p = ns indicating that the mean of the AC
scores in the suboptimal group was not signifigadifferent than the mean of the AC

scores for non-suboptimal group members.
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Table 21
Correlation Coefficients, Means, and Standard Deeiss for WMT
Performance Dummy Variables, Education Level Catariand AC Scores

r

Variables Y CcoV X X5 ryi
Y 1.00 .25 -37 -12 -
CcoV 25 1.00 .04 -.16 .06
X1 -377 .04 1.00 -39 147
X5 -12 -.16 -39 1.00 .01
M -.67 .00 21 .36

SD .86 2.15 41 48

Note.Y = AC scores.p < .05." p<.001.

Table 22 displays partial and semipartial correfatoefficients between the
predictors and AC scores. As can be seen, theraw@sificant positive relationship
between education level and AC scores after comwvadance with the dummy variables
was removed from both the education level covaaatkthe AC outcome variable,
prco77) = .25p < .05. There was also a significant positive relahip between
education level and AC scores after removing vagahat the education level covariate
had in common with the dummy variablegoy (77) = .22 p < .05. Education level
uniquely accounted for 5% of the variance in ACres@r’cov = .05,p < .05.

There was a significant negative difference, irr@ational terms, in AC scores
between the GMIP and the optimal group holding tamshe effects of education level
and suboptimalness on both the GMIP group and AGesgrx.(77) = -.46,p < .001.
Nineteen percent of the variance in AC scores wasumted for by defining GMIP as a
category distinct from the optimal categasy’x; = .19,p < .001. The loss of the
distinction between the GMIP group and the optigraup would result in a loss of 19%

of the variance accounted for in AC scores, ott, Bavould drop from .26 to .07.
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There was also a significant negative differemteprrelational terms, in AC
scores between the suboptimal and optimal groughtre effects of education level
and GMIPness on both the suboptimal group and AGesovere held constamtix(77)
=-.28,p < .05. Six percent of the variance in AC scores a@®unted for by defining
suboptimal as a category distinct from the optiozdegorysr’x, = .06,p < .05. The loss
of the distinction between the suboptimal and ogtigroups would result in a loss of 5%
of the variance accounted for in AC scores, ott, Bavould drop from .26 to .21.

Table 22
Partial and Semipartial Correlation Coefficients fd/MT

Performance Dummy Variables, Education Level Catari
and AC Scores

Variables pri St SFi
coVv 25 22 .05
X1 -46" -44” 197
X5 -.28 -25 .06

Note.'p<.05.” p<.001.

The overall regression model was statisticallysigant, F(3, 77) = 9.15p
<.001. As shown in Table 23, education level alaceounted for 6% of the variance in
AC scoresF(1, 79) = 5.20p < .05, and the WMT performance dummy variables
explained an additional 20% of the varian€gangé2, 77) = 10.50p < .001. Thus, a total
of 26% of the variance in AC scores was explaingdducation level and WMT
performance. More specifically, holding WMT perfante constant, each additional
year of education was associated with a .09 inerga8C scores. Controlling for the
effects of education level and suboptimalnessgthers a significant difference between
the mean AC scores of GMIP and optimal group memb%s a patient changed from
performing optimally on the WMT to having a GMIPrfigmance, AC scores decreased

by 1 point. Stated differently, patients in the GMjroup averaged AC scores 1 point
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lower than patients in the optimal group. Holdirmpstant the effect of GMIPness, there
was also a significant difference between the nAgarscores of suboptimal and optimal
group members. As a patient changed from perforraptgnally to suboptimally on the
WMT, AC scores decreased by .48 points, indicdtivag patients in the suboptimal
group averaged AC scores .48 points lower thaepistin the optimal group. Mean AC
scores for each WMT performance group are presentédble 24.

Table 23

Summary of Hierarchical Regression Analysis foféd&nces in AC Scores Among WMT
Performance Groups Accounting for Education L&t 81)

Model 1 Model 2
Variables B SEB Beta B SEB Beta
Constant -.67 .09
coVv .10 .04 25
Constant -.29 A3
CcoV .09 .04 22
X1 -1.00 22 - 48
Xo -.48 19 .27

Note.Model 1:Rf = .06 p < .05), adjuste® = .05; Model 2R = .26 p < .001),
adjusted?? = .23 AR*=.20 p<.001).'p<.05."" p<.001.

Table 24

WMT Performance Groups’ Mean AC Scores

WMT Performance Group Mean AC Scores
Optimal -.29

GMIP -1.29
Suboptimal =77

Note.Scores are presentedzascores.

Differences in PS test scores among WMT performaigceups.Correlation and
multiple regression analyses were conducted to aadifferences in PS scores among
WMT performance groups after controlling for edimatevel. Table 25 summarizes the
descriptive statistics and correlational analysssilts. As can be seen, there was a

significant positive correlation between educat®rel and PS scoreisso(79) = .30p
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< .01, indicating that patients with more yeareadfication had higher PS scores.
Education level accounted for 9% of the variancB$hscores*cov = .09,p < .01.
GMIPness was significantly negatively correlate¢thvi?S scores,x1(79) = -.39,p

<.001, indicating that the mean of the PS scar¢kse GMIP group was smaller than the
mean of the PS scores for non-GMIP group membédvidP@ess accounted for 15% of
the variance in PS scora$y, = .15,p < .001. Suboptimalness was not significantly
correlated with PS scorasg(79) = -.01,p = ns indicating that the mean of the PS scores
in the suboptimal group was not significantly diéfet than the mean of the PS scores for
non-suboptimal group members.

Table 25

Correlation Coefficients, Means, and Standard Deeiss for WMT
Performance Dummy Variables, Education Level Catariand PS Scores

r

Variables Y CcovV X X5 rayi
Y 1.00 30 -39 -.01 -
COV 30" 1.00 .04 -.16 .09
X1 -397 .04 1.00 -39 157
X5 -.01 -.16 -39 1.00 .00
M -77 .00 21 .36

SD .86 2.15 41 48

Note.Y = PS scores.p < .01.” p<.001.

Table 26 displays partial and semipartial correfatioefficients between the
predictors and PS scores. As can be seen, thera gigsificant positive relationship
between education level and PS scores after convantemce with the dummy variables
was removed from both the education level covaaattthe PS outcome variable,
prco77) = .32p < .01. There was also a significant positive relahip between

education level and PS scores after removing vegisimat the education level covariate
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had in common with the dummy variablegoy (77) = .29p < .01. Education level
uniquely accounted for 8% of the variance in PSesx;er’cov = .08,p < .01.

There was a significant negative difference, imeational terms, in PS scores
between the GMIP and the optimal group holding taamghe effects of education level
and suboptimalness on both the GMIP group and B®sprxi(77) = -.44p < .001.
Eighteen percent of the variance in PS scores s@suated for by defining GMIP as a
category distinct from the optimal categosyx: = .18,p < .001. The loss of the
distinction between the GMIP group and the optigralp would result in a loss of 18%
of the variance accounted for in PS scores, ot Rhaould drop from .27 to .09.

There was not a significant difference, in cotielzal terms, in PS scores
between the suboptimal and optimal groups whertteets of education level and
GMIPness on both the suboptimal group and PS seaes held constanpyxx(77) = -
.15,p = ns A significant portion of the variance in PS s&was not accounted for by
defining suboptimal as a category distinct fromapémal categorysr’x. = .02,p = ns
Table 26
Partial and Semipartial Correlation Coefficients fd/MT

Performance Dummy Variables, Education Level Catari
and PS Scores

Variables pr; St SFi

COoV 327 29" 08"
X1 -A4" -427 18"
X5 -15 -.13 .02

Note.” p<.01.” p<.001.

The overall regression model was statisticallysigant, F(3, 77) = 9.55p
<.001. As shown in Table 27, education level alaceounted for 9% of the variance in
PS scored;(1, 79) = 7.94p < .01, and the WMT performance dummy variables

explained an additional 18% of the varian€@angé2, 77) = 9.50p < .001. Thus, a total
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of 27% of the variance in PS scores was explairyeetincation level and WMT
performance. More specifically, holding WMT perfante constant, each additional
year of education was associated with a .12 inereaBS scores. Controlling for the
effects of education level and suboptimalnessgtiaers a significant difference between
the mean PS scores of GMIP and optimal group mesnBera patient changed from
performing optimally on the WMT to having a GMIPrfigmance, PS scores decreased
by .96 points. In other words, patients in the GMiBup averaged PS scores .96 points
lower than patients in the optimal group. Mean B@es between patients in the
suboptimal and optimal groups were not found taificantly differ, indicating that PS
scores were relatively similar whether patient$grared optimally or suboptimally on
the WMT. Mean PS scores for each WMT performanoagiare presented in Table 28.
Table 27

Summary of Hierarchical Regression Analysis foféd&nces in PS Scores Among WMT
Performance Groups Accounting for Education Léiet 81)

Model 1 Model 2
Variables B SEB Beta B SEB Beta
Constant =77 .09
Ccov 12 .04 .30
Constant -.48 13
CcoVv 12 .04 .30
X1 -.96 22 -46
X5 -.25 .19 -.14

Note.Model 1:R* = .09 p < .01), adjusted® = .08; Model 2R = .27 p < .001),
adjusted® = .24 AR*=.18 < .001)." p<.01.”" p<.001.

Table 28

WMT Performance Groups’ Mean PS Scores

WMT Performance Group Mean PS Scores
Optimal -.48

GMIP -1.44
Suboptimal -.73

Note.Scores are presentedzascores.
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Differences in MD test scores among WMT performamg®ups.Correlation
and multiple regression analyses were conductedadmine differences in MD scores
among WMT performance groups. Table 29 summarleesliéscriptive statistics and
correlational analyses results. As can be seenRabHs was not significantly correlated
with MD scoresrxi(79) = -.14p = ns indicating that the mean of the MD scores in the
GMIP group was not significantly different than timean of the MD scores for non-
GMIP group members. Suboptimalness was also noifis@ntly correlated with MD
scoresrxz(79) = .04,p = ns indicating that the mean of the MD scores ingtkoptimal
group was not significantly different than the me&the MD scores for non-suboptimal
group members.
Table 29

Correlation Coefficients, Means, and Standard Daorss
for WMT Performance Dummy Variables and MD Scores

r

Variables Y X X5 reyi

Y 1.00 -14 .04 -
X1 -14 1.00 -39 .02
X5 .04 -.397 1.00 .00
M -91 21 .36

SD 81 41 48

Note.Y =MD scores. p < .001.

Table 30 displays partial and semipartial correfatoefficients between the
predictors and MD scores. As is evident, there masa significant difference, in
correlational terms, in MD scores between the GiEHE optimal groups when the effect
suboptimalness on both the GMIP group and MD soeessheld constanpry(78) = -
.14,p = ns A significant portion of the variance in MD scen@as not accounted for by

defining GMIP as a category distinct from the ogtirategorysr’x; = .02,p = ns
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There also was not a significant difference, inrelational terms, in MD scores
between the suboptimal and optimal groups whertiteet GMIPness on both the
suboptimal group and MD scores was held conspayg(78) = -.02,p = ns A significant
portion of the variance in MD scores was not actedifior by defining suboptimal as a
category distinct from the optimal categasy’x, = .00,p = ns
Table 30

Partial and Semipartial Correlation Coefficients fd/MT
Performance Dummy Variables and MD Scores

Variables pr; St SFi
X1 -.14 -.14 .02
X -.02 -.02 .00

Note.All correlation coefficients werms

The regression model was not statistically sigaiiit,F(2, 78) = .80p =ns, and
therefore did not account for any of the varianc®D scores. As can be seen in Table
31, controlling for the effect of suboptimalnedgere was not a significant difference
between the mean MD scores of GMIP and optimalgraembers. Similarly,
controlling for the effect of GMIPness, there was a significant difference between the
mean MD scores of suboptimal and optimal group neslMean MD scores for each
WMT performance group are presented in Table 32.

Table 31

Summary of Regression Analysis for Differencesin M
Scores Among WMT Performance Gro(igs= 81)

Variables B SE B Beta
Constant -.84 14

X1 -.29 24 -.15
X2 -.03 .20 -.02

Note.R* = .02 p = n9), adjusted?’ = -.01.
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Table 32

WMT Performance Groups’ Mean MD Scores
WMT Performance Group Mean MD Scores
Optimal -.84

GMIP -1.13
Suboptimal -.87

Note.Scores are presentedzscores.

Differences in DTBM test scores among WMT perfornm@ngroupsCorrelation
and multiple regression analyses were conductegdamine differences in DTBM scores
among WMT performance groups after controllingdducation level. Table 33
summarizes the descriptive statistics and cormlatianalyses results. As can be seen,
there was a significant positive correlation betweducation level and DTBM scores,
rcol79) = .25, < .05, indicating that patients with more yeargddication had higher
DTBM scores. Education level accounted for 6% efwhariance in DTBM scoreb.coy
=.06,p < .05. GMIPness was significantly negatively catetl with DTBM scores,
x1(79) = -.48,p < .001, indicating that the mean of the DTBM scanethe GMIP group
was smaller than the mean of the DTBM scores for@MIP group members.
GMIPness accounted for 23% of the variance in DT&Mresr’x; = .23,p < .001.
Suboptimalness was not significantly correlatechidfBM scoresrx(79) = -.05p=ns,
indicating that the mean of the DTBM scores in $uboptimal group was not
significantly different than the mean of the DTBRbses for non-suboptimal group

members.
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Table 33
Correlation Coefficients, Means, and Standard Deeiss for WMT
Performance Dummy Variables, Education Level Catariand DTBM Scores

r

Variables Y Ccov X X5 ryi
Y 1.00 .25 -48" -.05 -

CcoV 25 1.00 .04 -.16 .06
X1 48" .04 1.00 -39 237
X5 -.05 -.16 -3 1.00 .00

M -.66 .00 21 .36

SD .63 2.15 41 48

Note.Y = DTBM scores.p < .05.” p<.001.

Table 34 displays partial and semipartial correfatoefficients between the
predictors and DTBM scores. As can be seen, thasansignificant positive relationship
between education level and DTBM scores after comwasiance with the dummy
variables was removed from both the education levehriate and the DTBM outcome
variable,prco77) = .28,p < .05. There was also a significant positive relaghip
between education level and DTBM scores after rengpvariance that the education
level covariate had in common with the dummy vdaafsrcoy (77) = .23p < .05.
Education level uniquely accounted for 5% of thearece in DTBM scoressrcoy = .05,
p<.05.

There was a significant negative difference, irrgational terms, in DTBM
scores between the GMIP and the optimal group hgldonstant the effects of education
level and suboptimalness on both the GMIP groupRh@M scoresprxi(77) = -.55p
<.001. Twenty-nine percent of the variance in DTBbddres was accounted for by
defining GMIP as a category distinct from the ogtirmategorysr’x; = .29,p < .001. The

loss of the distinction between the GMIP group dredoptimal group would result in a
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loss of 29% of the variance accounted for in DTBidrss, or, thal®® would drop
from .35 to .06.

There was also a significant negative differemteprrelational terms, in DTBM
scores between the suboptimal and optimal groughtre effects of education level
and GMIPness on both the suboptimal group and DEBMes were held constant,
prxA77) = -.26,p < .05. Four percent of the variance in DTBM scavas accounted for
by defining suboptimal as a category distinct fritv@ optimal categongr’x, = .04,p
< .05. The loss of the distinction between the gtibmal and optimal groups would result
in a loss of 4% of the variance accounted for irBMTscores, or, tha® would drop
from .35 to .31.

Table 34
Partial and Semipartial Correlation Coefficients fd/MT

Performance Dummy Variables, Education Level Catari
and DTBM Scores

Variables pri St SFi
coVv 28 23 .05
X1 -55" -547 29"
X5 -.26 =21 04"

Note.'p<.05.” p<.001.

The overall regression model was statisticallysicant, F(3, 77) = 13.81p
<.001. As shown in Table 35, education level alaceounted for 6% of the variance in
DTBM scoresF(1, 79) = 5.31p < .05, and the WMT performance dummy variables
explained an additional 29% of the varian€gangé2, 77) = 16.99p < .001. Thus, a total
of 35% of the variance in DTBM scores was explaibge@ducation level and WMT
performance. More specifically, holding WMT perfante constant, each additional
year of education was associated with a .07 inereaBTBM scores. Controlling for the

effects of education level and suboptimalnessgtihers a significant difference between
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the mean DTBM scores of GMIP and optimal group mersibAs a patient changed from
performing optimally on the WMT to having a GMIPrfigmance, DTBM scores
decreased by .89 points. Stated differently, ptgienthe GMIP group averaged DTBM
scores .89 points lower than patients in the optgnaup. Holding constant the effects of
education level and GMIPness, there was also dfis@gnt difference between the mean
DTBM scores of suboptimal and optimal group membassa patient changed from
performing optimally to suboptimally on the WMT, BM scores decreased by .31
points, indicating that patients in the suboptigraup averaged DTBM scores .31 points
lower than patients in the optimal group. Mean DTB&dres for each WMT
performance group are presented in Table 36.

Table 35

Summary of Hierarchical Regression Analysis foféd&nces in DTBM Scores Among
WMT Performance Groups Accounting for Educationel @\ = 81)

Model 1 Model 2
Variables B SEB Beta B SEB Beta
Constant -.66 .07
cov .07 .03 25
Constant -.37 .09
COV .07 .03 24
X1 -.89 15 -58
X -31 13 -23

Note.Model 1:Rf = .06 p < .05), adjuste® = .05; Model 2R = .35 ¢ < .001),
adjusted?®? = .33 AR*=.29 p<.001).'p<.05."" p<.001.

Table 36

WMT Performance Groups’ Mean DTBM Scores

WMT Performance Group Mean DTBM Scores
Optimal -.37

GMIP -1.26
Suboptimal -.68

Note.Scores are presentedzascores.
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Research question 4What is the relationship between GMIP scores andesc
on neuropsychological memory tests?

Assumptions of regressiorkor the linear and multiple regressions that were
conducted for research question 4, Assumptionafable types) and 2 (non-zero
variance) were met: quantitative predictors werasneed at the interval level;
categorical variables had two categories; outcoan@ables were quantitative, measured
at the interval level, and unbounded; and all mteds had variances greater than zero.
The assumption of multicollinearity (Assumptionvi@s not applicable to either
regression as the first regression had one conisypeedictor and the second regression
had one dichotomous categorical predictor. Pretiatere not significantly correlated
with external variables, which were previously itiieed as the potential covariates of
sex, race, education, or age, indicating that Agdiom 4 was met.

The assumption of homoscedasticity (Assumption & mnot met for either
regression. In the linear regression, the data wieserved to funnel out. In the multiple
regression, the variance of residual terms was@ifft for each level of the predictor. As
previously described, transforming the data didimgrove heteroscedasticity, and thus,
data remained untransformed. Failure to meet thenaigtion of homoscedasticity means
that findings cannot be generalized beyond thisogdam

The assumption of independent errors (Assumptioma®) met for both
regressions. Durbin-Watson values were 1.57 fofitiear regression and 1.67 for the
multiple regression. To check the normality of desils for Assumption 7, histograms
and normal P-P plots were examined. For the linegnession, the histogram distribution

appeared largely normal though the normal P-Pdeatonstrated slight deviations from
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normality. For the multiple regression, the histogrdistribution was slightly negatively
skewed; slight deviations from normality were atésedent on the normal P-P plot.

The assumption of independence (Assumption 8) wetdan both regressions, as
all values of each outcome variable came from ferdint patient. Finally, the assumption
of linearity was met for both regressions.

Assessing the regression models: Diagnost@stliers and influential cases were
explored to see whether the models fit the obsedata well. To detect outliers,
standardized residuals were checked for each gresNo regression model had cases
with standardized residuals with absolute valuesigr than 3.29. The linear regression
model had 1 case (1.23% of the sample) that h&ahdardized residual with an absolute
value greater than 2.58 and 2 cases (2.47% oftingle) that had standardized residuals
with absolute values greater than 2. The multipgession model had 2 cases (2.47% of
the sample) that had standardized residuals wiblate values greater than 2.58 and 3
cases (3.70% of the sample) that had standardezgdiuals with absolute values greater
than 2. As absolute values of standardized resdoalthe first regression model were
within 1% of what was expected, it was concludeat the sample largely appeared to
conform to what would be expected for a fairly aate model. The second regression
model had slightly more than 5% of cases (6.17%) lad standardized residuals with
absolute values greater than 2. However, as tmpkawas within 1.17% of what was
expected, it was concluded that the sample app¢ammmhform to what would be
expected for a fairly accurate model.

Regression models were also checked for influenéiaés. Adjusted predicted

values were compared to predicted values to ertbateases did not have large

www.manaraa.com



128

influences over the model. For both models, adguptedicted values were very similar
to predicted values, suggesting that the models wi@ble. Cook’s Distances were
examined next. Neither regression model contaimsdswith Cook’s values close to 1,
suggesting that no cases greatly influenced eitiogtel’s ability to predict all cases.
Average leverage values were calculated for eagtession. All cases in both regression
models were within the boundary of two times thespective average leverage values,
suggesting that no cases had undue influence bgenbdels. Mahalanobis distances
were examined for high values. Mahalanobis distamaeged from .01 to 3.80 across
models, indicating that values were well within gested parameters previously
described. Standardized DFBeta values were invastig All standardized DFBeta
absolute values were less than 1, signifying tbhatases substantially influenced the
models’ parameters. Finally, CVRs were examined.tf® linear regression model, one
case fell well below the bottom limit; however, tfagio was still close to 1 therefore
indicating that the case had very little influercethe variances of the model parameters.
For the multiple regression model, 2 cases fajhsly below the bottom limit; however,
the ratios were close to 1, signifying that theesdsad little influence on the variances of
the model parameters. Overall, examination offalhese values suggested that no
influential cases were present in the regressiodaiso

Relationship between GMIP scores and scores on @giychological memory
tests GMIP scores were used in a simple linear regnessnalysis to predict LM scores.
The correlations of the variables are shown in @&3l. As can be seen, there was a
significant negative correlation between GMIP ss@rd LM scoresyi(79)=-.74,p

<.001, indicating that patients with higher GMigdes had lower LM scores. As a
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reminder, the higher the GMIP score, there likelythe patient performed poorly on the
WMT due to significant cognitive impairment. GMIBose accounted for 55% of the
variance in LM scores?y = .55,p < .001.

Table 37

Correlation Coefficients, Means, and Standard
Deviations for GMIP Scores and LM Scores

r

Variables Y X ryi

Y 1.00 -74 -

Xi -747  1.00 55"
M -.73 28.96

SD .88 13.36

Note.Y = LM scores; X= GMIP scores.
p<.001.

The regression model was statistically signific&(t, 79) = 98.24p < .001, and
accounted for 55% of the variance in LM scoi@s< .55, Adjusted?? = .55). As can be
seen in Table 38, when GMIP scores were zero, tiaehpredicted average LM scores
of .69. A one-point increase in GMIP scores pregidhat LM scores would decrease
by .05 points. The standardized beta value indicttat as GMIP scores increased by
one standard deviation, LM scores decreased bgtartlard deviations.

Table 38

Summary of Regression Analysis of GMIP Scores
Predicting LM ScoreéN = 81)

Variables B SEB Beta
Constant .69 .16 .
X; -.05 .01 -74

Note.R* = .55 p < .001), adjuste® = .55." p < .001.

Correlation and multiple regression analyses werd conducted to examine
differences in LM scores among GMIP performanceigso Patients with GMIP scores <

30 were categorized into the non-GMIP group (refeeg and patients with GMIP scores
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> 30 who failed at least one PV subtest were categinto the GMIP group. As a
reminder, GMIP scores < 30 amet suggestive of a GMIP and instead indicate that
performance on the WMT wamt likely influenced by significant cognitive impaient.
Failure on at least one PV subtest and GMIP scoBfssuggest a GMIP, indicating that
a patient likely performed poorly on the WMT beaaas significant cognitive
impairment. Descriptive statistics and correlatians shown in Table 39. As can be seen,
GMIPness was significantly negatively correlatethwiM scoresyxi(79) = -.54,p

<.001, indicating that the mean of the LM scorethe GMIP group was smaller than
the mean of the LM scores from non-GMIP group memb@MIPness accounted for
29% of the variance in LM scorady; = .29,p < .001.

Table 39

Correlation Coefficients, Means, and Standard

Deviations for GMIP Performance Dummy Variable
and LM Scores

r

Variables Y X ryi
Y 1.00 -54" -
X; -.54 1.00 29
M -73 21

SD .88 41

Note.Y = LM scores; X= GMIP group.” p < .001.

The regression model was statistically signific&(t, 79) = 33.09p < .001, and
accounted for 30% of the variance in LM sco@s< .30, Adjusted?? = .29). As can be
seen in Table 40, there was a significant diffeecnetween the mean LM scores of
GMIP and non-GMIP group members. As a patient cadrigpm not having a GMIP to

having a GMIP, LM scores decreased by 1.16 pointsther words, patients in the
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GMIP group averaged LM scores 1.16 points lowen {batients in the non-GMIP group.
Mean LM scores for each GMIP performance grouppaeeented in Table 41.
Table 40

Summary of Regression Analysis for Differencesvin L
Scores Among GMIP Performance Gro(Ns= 81)

Variables B SEB Beta
Constant -.48 .09 "
X; -1.16 .20 -54

Note.R? = .30 p < .001), adjuste® = .29.” p < .001.

Table 41

GMIP Performance Groups’ Mean LM Scores
GMIP Performance Group Mean LM Scores
Non-GMIP -.48

GMIP -1.64

Note.Scores are presentedzascores.

Research question 5How much does each of the WMT subtests explair tota
GMIP score?

Assumptions of multiple regressioin the hierarchical regressions that were
conducted, predictor variables were quantitative measured at the interval level, and
outcome variables were quantitative, measuredeantierval level, and unbounded,
indicating that Assumption 1 was met. Assumptioma® met, as all predictors had
variances greater than zero.

The assumption of multicollinearity was not meeither regression model. The
correlation matrix of predictors for the first modevealed correlation coefficients
ranging from .48 to .91. Two pairs of predicto®R @nd CNS; MC and PA) correlated
very highly ¢ = .88 and = .91, respectively). As such, théivalues were less
trustworthy and the size & may have been limited. Further, high levels ofigearity

between these two pairs of predictors made italiffito assess the respective importance
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of each predictor. There was not as high of a tairom between the two predictors in the
second regression model< .73); however, as will be described below, ncoltinearity
was evidenced elsewhere.

VIFs and tolerance statistics were also checkedetotify more subtle forms of
multicollinearity. No regression model had VIFsaer than 10; however, both models
had average VIFs greater than 1 (5.53 and 2.1@ec#isely), signifying the presence of
bias in each model. Tolerance values ranged fr@mo.134 for the first regression model.
Four values were below .2, evidencing more causedocern of collinearity in the
model. In the second regression model, tolerankeegdor both predictors were .47. As
those values were greater than .2, they did ntgateh cause for concern of collinearity.

Collinearity diagnostics were also checked for daeharchical regression model.
For the first multiple regression model, the latghfference between eigenvalues was
6.82. This was a large difference and indicatettti@solutions of the regression
parameters may have been affected by small chamgies predictors or outcome. The
condition indexes for the first model also variedagly from 1 to 81.88, indicating that
collinearity was a problem. Finally, eigenvalueigace proportions were checked. As
can be seen in Table 42, collinearity was evidettben two pairs of predictors in the
first multiple regression model. The IR and CNSdmtrs had substantial variance
proportions on eigenvalue 6, and the MC and PAiptex$ had substantial variance
proportions on eigenvalue 5. These sets of predietere also found to have strong
correlations (= .86 and = .91, respectively), providing further support émilinearity.

As can be seen in Table 43, evidence of strongnealfity was not present when

eigenvalue variance proportions were examinedieisecond regression model.
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Table 42
Collinearity Diagnostics for Hierarchical Regressiavith WMT Subtests as Predictors
Variance Proportions
WMT WMT WMT WMT WMT WMT

Dimension (Constant) IR DR CNS MC PA FR

1 .00 .00 .00 .00 .00 .00 .00
2 .00 .00 .00 .00 .01 .01 A7
3 .00 .00 .00 .00 .10 A2 .81
4 A1 .07 .01 .08 .04 A5 .00
5 .01 .02 .01 .02 .62 72 .01
6 .03 .82 .06 .63 .01 .00 .01
7 .84 .09 .92 27 22 .00 .00
Table 43

Collinearity Diagnostics for Hierarchical Regresgiwith
WMT Composites as Predictors
Variance Proportions
WMT Memory WMT PV

Dimension (Constant) Composite Composite
1 .00 .00 .00
2 .05 .54 .01
3 .94 45 .99

Assumption 4 states that predictors should notetate with external variables
that influence the outcome. This assumption wasfandioth of the regression models,
as predictors were not significantly correlatedhwiite potential covariates of sex, race,
education, or age.

The assumption of homoscedasticity was not megitber regression model.
Examination of standardized residuals versus stdimal predicted values plots
revealed heteroscedasticity and non-linearity ith lbegression models. As previously
noted, data remained untransformed, as transfasmsadid not improve non-normality or
heterogeneity of variance. Failure to meet theragsion of homoscedasticity means that

the findings cannot be generalized beyond this gsamp
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The assumption of independent errors was met fbr tegression models.
Durbin-Watson values were 1.80 for the first moaled 1.81 for the second model,
suggesting that each models’ respective residuate wncorrelated.

Histograms and normal P-P plots were next examioetieck the normality of
residuals for Assumption 7. For the first hieracahiregression model, the histogram
distribution evidenced a few outliers but othermaggeared fairly normal; however,
evidence of non-normality was apparent on the nbR¥R plot. The histogram
distribution of the second hierarchical regressmadel also contained a few outliers but
otherwise appeared normal; however, deviations fnormality were present on the
normal P-P plot.

The assumption of independence was met for botiessmn models, as all
values of each outcome variable came from a difitgpatient. Finally, as noted above,
the assumption of linearity was not met for eittegression model. As such, the
generalizability of findings from this regressi@eaxtremely limited.

Assessing the regression models: Diagnost@stliers and influential cases were
explored to see whether the models fit the obsedata well. To detect outliers,
standardized residuals were checked. Both regressoalels had one case with a
standardized residual with an absolute value grélada 3.29: the first model had a case
with a standardized residual of 4.32 and the secoodel had a case with a standardized
residual of 6.02. As such, these cases were itkxhtis outliers and added to the error
level in each model. Additionally, the first regsem model had 2.47% of its sample (2
cases) with standardized residuals with absoluteesagreater than 2.58. Although this

value was within 1 to 2% of what was expectedrovmled additional evidence that the
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model may have been an inaccurate representatithre sample data. Neither regression
model had 5% of cases with standardized residusttsabsolute values greater than 2.
Overall, examination of standardized residualstified error in both models, thereby
suggesting that the models may not have accuregphgsented the data.

Regression models were also checked for influenéiaés. Adjusted predicted
values were compared to predicted values to ertbateases did not have large
influences over the models. Both models had theesaase with a large difference
between its adjusted predicted and predicted vahsewell as a large Studentized deleted
residuals. These values suggested that this casted» large influence over the
parameters of the respective models.

Cook’s distances were next examined. The sameasageeviously mentioned
was again troublesome: its Cook’s distance wasl12ia. e first model and 23.84 in the
second model. With Cook’s distances much largan fhahis case was considered to
have greatly influenced each model as a whole.

Average leverage values were calculated for theessgpn models. The first
model had one case that was greater than two timesverage leverage and three cases
that were greater than three times the averagedgeeThe second model had two cases
that were greater than two times the average lgeesad one case that was greater than
three times the average leverage. These findintjseiusupported previously described
evidence of the presence of cases with excesdivennte over both models.

Mahalanobis distances were examined for high vaMesalanobis distances
ranged from .03 to 55.97 across models, indicatiagboth models had some cases that

exerted undue influence on their respective models.
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Standardized DFBeta values were investigated. ifsterégression model had
three cases that had standardized DFBeta valubsabsolute values greater than 1. The
second model had one case with a standardized B/a&te above the cutoff. These
values provide additional support that both regoegssodels contained cases that
substantially influenced model parameters.

Finally, CVRs were examined. The first regressiaodel had five cases above
and three cases below recommended cutoffs. Theadeegression model had two cases
that fell below recommended cutoffs. These resultggested the presence of cases in
both models that influenced the variance of theaggion parameters.

Overall, examination of these diagnostic valueggssted that influential cases
were present in both regression models. Therefoeemodels may not have been
accurate representations of the sample data.

Relationship between WMT subtests and GMIP sc&errelation and
hierarchical regression analyses were conductegdamine how much each of the WMT
subtest scores explained GMIP score. Descriptatstits and correlations are shown in
Table 44. As can be seen, there were significagdtnes correlations between each
WMT subtest score and GMIP scores fall< .001). Patients with higher scores on any
of the WMT subtests had lower GMIP scores. FR, &% MC scores accounted for
substantial levels of variance in GMIP scores. As/usly noted, since these (and
other) predictors were highly correlated, it waidilt to assess their individual

importance in the model.

www.manaraa.com



137

Table 44
Correlation Coefficients, Means, and Standard Deeress for WMT Subtest Scores and
GMIP Scores

r

Variables Y FR PA MC CNS DR IR 2y
Y 1.00 -83 -91° -86  -47°  -63° -39 -
FR -837  1.00 807 78" 56" 727 487 69"
PA -91" 807 1.00 of” 627 81" 547 837
MC -86° .78 917  1.00 65 86" 597 747
CNS -47° 56 627 65 1.00 76" 88" 227
DR -637 727 81" 86" 757 1.00 66 .40
IR -390 487 547 597 88" .66  1.00 157
M 28.96 42.75 69.32 7407 88.18 92.25 91.60

SD 13.36 18.43 2227 23.04 1241 837 11.71

Note.Y = GMIP scores; FR = Free Recall; PA = Pairedossstes; MC = Multiple
Choice; CNS = Consistency; DR = Delayed RecallzIRnmediate Recall. p < .001.
Table 45 displays partial and semipartial correfatoefficients between the
predictors and GMIP scores. As can be seen, there significant relationships between
all WMT subtest scores, except for CNS and IR, @MIP scores after common
variance with other predictors was removed frompteglictor of interest and the
outcome (alps < .001). There were also significant relationshiptween all WMT
subtests scores, except for CNS and IR, and GMiRes@&fter removing variance that
each predictor of interest had in common with ofiredictors (alps < .001). FR scores
uniquely accounted for 40% of the variance in GMd®ressr’e = .04,p < .001. PA
scores uniquely accounted for 60% of the variand8MIP scoressr’pa = .06,p < .001.
MC scores uniquely accounted for 40% of the vagandGMIP scoressruc = .04,p
< .001. DR scores uniquely accounted for 50% of/éiréance in GMIP scoresror
=.05,p<.001. CNS and IR scores did not account for drii@variance in GMIP

scoressrens= 0.00,p = nsandsrir = 0.00,p = ns.
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Table 45
Partial and Semipartial Correlation Coefficients fd/MT
Subtests and GMIP Scores

Variables pr Sr, Sr
FR -61" -19" 04"
PA - 70" -.24" 06"
MC -62" -197 04"
CNS -.05 -.01 .00
DR 69”7 237 .05~
IR 5 .04 .00

Note.” p < .001.

The overall regression model was statisticallysigant, F(6, 74) = 191.74p
<.001. As shown in Table 46, FR scores alone adeduor 69% of the variance in
GMIP scoresF(1, 79) = 177.85p < .001. PA scores explained an additional 16% ef th
variance in GMIP score&changél, 78) = 85.86p < .001. CNS scores explained an
additional 3% of the variance in GMIP scor€g.angél, 76) = 17.69p < .001. Finally,

DR scores explained an additional 5% of the vagandcGMIP scoresrchangél, 75) =
65.79,p < .001. MC and IR scores did not add to the expianaf the variance in GMIP
scoresFchangél, 77) = 1.75p = nsandFchangél, 74) = 1.75p = ns respectively. Overall,

a total of 94% of the variance in GMIP scores wgdaned by WMT subtest scores.
More specifically, holding other predictors constas FR scores increased by one point,
GMIP scores decreased by .24 points. StandardieedMalues indicated that, holding
other predictors constant, as FR scores increaseddstandard deviation, GMIP scores
decreased by .33 standard deviations. Holding qitesfictors constant, as PA scores
increased by one point, GMIP scores decreasedayyaidits. Standardized beta values
indicated that, holding other predictors constaatPA scores increased by one standard
deviation, GMIP scores decreased by .61 standasidtebns. Holding other predictors

constant, as MC scores increased by one point, Geldires decreased by .32 points.
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Standardized beta values indicated that, holdihgrgbredictors constant, as MC scores
increased by one standard deviation, GMIP scoreedsed by .54 standard deviations.
Holding other predictors constant, the DR predittad a significant positive weight (
opposite in sign from its correlation with GMIP ses), indicating that higher DR scores
predicted higher GMIP scores (suppressor effeat)didg other predictors constant, as
DR scores increased by one point, GMIP scoresaseict by .86 points. Standardized
beta values indicated that, holding other predsctmmstant, as DR scores increased by
one standard deviation, GMIP scores increaseddgtdndard deviations. With the other
predictors held constant, increases in CNS or tRescdid not cause GMIP scores to

increase or decrease by significant amounts.
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Correlation and hierarchical regression analyse®when conducted to examine
how much the WMT memory and PV composites explatotal GMIP score.
Descriptive statistics and correlations are shawhable 47. As can be seen, there was a
significant negative correlation between the WMTnmoey composite and GMIP scores,
rvem(79) = -.92,p < .001, indicating that patients with higher WMT mm&ry composite
scores had lower GMIP scores. The memory compasdeunted for 85% of the
variance in GMIP scores?yem = .85,p < .001. There was also a significant negative
correlation between the WMT PV composite and GMI&¥&s,p\(79) = -.52,p < .001,
indicating that patients with higher PV scores lwager GMIP scores. However, the PV
composite only accounted for 27% of the varianc&MIP scorest’py = .27,p < .001.
Table 47

Correlation Coefficients, Means, and Standard Deeres for WMT Composites and
GMIP Scores

r

Variables GMIP Memory Composite PV Composite 2 r
GMIP 1.00 -.97" -527

Memory Composite -.92 1.00 75 85"
PV Composite -52 737 1.00 27
M 28.96 62.05 90.68

SD 13.36 20.05 10.03

Note.” p < .001.

Table 48 displays partial and semipartial correfatoefficients between the
predictors and GMIP scores. As can be seen, thaseavgignificant negative relationship
between the WMT memory composite and GMIP scores abmmon variance with the
PV composite was removed from both the memory caitpand GMIP scores,
prvem(78) = -.93p < .001. There was also a significant negative iaiahip between the

memory composite and GMIP scores after removingmae that the memory composite
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had in common with the PV composisgyem (78) = -.79p < .001. The memory
composite uniquely accounted for 62% of the vaeandGMIP scores.

There was a significant positive relationship bedwthe WMT PV composite
and GMIP scores after common variance with the nmgroomposite was removed from
both the PV composite and GMIP scomas,(78) = .56,0 < .001. There was also a
significant positive relationship between the PVhposite and GMIP scores after
removing variance that the PV composite had in commith the memory composite,
Srpy (78) = .22p < .001. The PV composite uniquely accounted fordd%he variance in
GMIP scores.

Table 48

Partial and Semipartial Correlation Coefficients fd/MT
Composites and GMIP Scores

Variables pr St; Sr
Memory Composite -.93 -79” 62"
PV Composite .56 22 .05

Note.” p < .001.

The overall regression model was statisticallysigant, F(2, 78) = 332.91p
<.001. As displayed in Table 49, the WMT memorgnposite alone accounted for 85%
of the variance in GMIP scords(1, 79) = 441.99p < .001, and the WMT PV composite
explained an additional 5% of the varian€gangél, 78) = 34.79p < .001. Thus, a total
of 90% of the variance in GMIP scores was explaimgthe WMT memory and PV
composites. Holding the PV composite constant, @smany composite scores increased
by one point, GMIP scores decreased by .77 pdstedardized beta values indicated
that, holding the other predictor constant, as nrgraomposite scores increased by one
standard deviation, GMIP scores decreased by iah8iard deviations. Holding the

memory composite constant, the PV composite haghi#fisant positive weightl{
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opposite in sign from its correlation with GMIP ses), indicating that higher PV

composite scores predicted higher GMIP scoresgprsasor effect). Holding the

memory composite constant, as PV composite scocesdased by one point, GMIP

scores increased by .42 points. Standardized ladtes/indicated that, holding the

memory composite constant, as PV composite scocesased by one standard deviation,

GMIP scores increased by .31 standard deviations.

Table 49

Summary of Hierarchical Regression Analysis Examgithe Relationship between WMT

Composites and GMIP Scor@s = 81)

Model 1 Model 2
Variables B SEB Beta B SE B Beta
Constant 67.03 1.90
Memory Composite -.61 .03 -92
Constant 38.49 5.09
Memory Composite -77 .04 -1.15
PV Composite 42 .07 31

Note.Model 1:R* = .85 p < .001), adjuste® = .85; Model 2R = .90 p < .001),
adjusted?? = .89,AR* = .05 p < .001).” p<.001.
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CHAPTER V: DISCUSSION

The present study set forth to investigate the lpate of suboptimal performance
on the WMT, the relationship between WMT performaaad neuropsychological test
scores, and the validity of the GMIP in patientthvépilepsy. To the author’s knowledge,
this is the first study to use WMT normative cubrss and GMIP analysis to classify
patients into optimal, suboptimal, and GMIP grouny] subsequently examine how such
groups performed across a variety of neuropsychodbgieasures. This also appears to
be the first study to explore the validity of th#1 in patients with epilepsy, an
essential undertaking if GMIP analysis is to be laygd and interpreted with this
population. Findings of this study shed light oeypously explored (e.g., base rates of
suboptimal performance on PVTs) and unexplored,(eaijdity of the GMIP) areas of
PV assessment with the epilepsy population.

Base Rates of Optimal, Suboptimal, and GMIP Perforrance on the WMT

Base rates of suboptimal performance on PVTs tieqs with epilepsy have
been reported to range from 4 (Hill et al., 20@328% (Loring et al., 2005). This wide
range of suboptimal performance on PVTs is unexakelbecause patients with epilepsy,
especially pre-surgical candidates, are presumeéee tootivated for neuropsychological
evaluation with no apparent external incentivesrtderperform. Reasons for the
variance in base rate of suboptimal performancBVis in this population remain
unknown and largely unexplored; however, one ptéssikplanation may be the

significant cognitive impairment commonly assoaiawath epilepsy (Bortz, 2003).
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Non-epileptic patient groups with significant cdgre impairment (e.g.,
moderate to severe TBI, mental retardation, devetygal disorders) typically perform
well on PVTs (Heilbronner et al., 2009; Sweet, 108%®Hwever, certain PVTs (e.g.,
TOMM, FIT, DCT) have been found to have low levelspecificity (high false positive
rates) when used with patients with severe cognitiypairment (e.g., dementia and
mental retardation) (Boone et al., 2002; Goldberiylider, 1986; Philpott, 1992;
Schretlen, Brandt, Krafft, & van Gorp, 1991; Spie@@06; Teichner & Wagner, 2004).
As patients with epilepsy may have significant adge impairment, it is reasonable to
consider that such impairment may affect theirighid perform optimally on PVTs. In
turn, base rate estimates of suboptimal performand@VTs in this population may vary
considerably because patients have been miscisi$i performing suboptimally, when,
in fact, they scored below failure cutoffs due igmgicant cognitive impairment. The
present study attempted to investigate this pdigiby utilizing the WMT, a highly
sensitive and specific PVT. Through GMIP analydis, WMT indicates whether scores
below failure cutoff likely reflect suboptimal perimance or significant cognitive
impairment.

Using Green’s (2005) normative cutoffs, patiengevcategorized into one of
three WMT performance groups: optimal, suboptiraaj GMIP. Results indicated that
43% of the samplen(= 35: 21 pre-surgical, 14 non-surgical) fell inte toptimal group;
36% (= 29: 22 pre-surgical, 7 non-surgical) into theaatbmal group; and 21% (=
17: 13 pre-surgical, 4 non-surgical) into the GMBup. The base rate of suboptimal
performance attained in this study is higher thaavipusly reported base rates of

suboptimal performance on PVTs in the epilepsy faimn (e.g., 22%; Cragar et al.,
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2006; 23%; Hoskins et al., 2010; 28%; Loring et 2005), and as discussed below,
likely reflects how patients were sorted into WMdrformance groups.

Unlike extant research that has employed the WiVigatients with epilepsy (e.qg.,
Drane et al., 2006; Hoskins et al., 2010), thislgtutilized all WMT subtest scores to
categorize patients into performance groups. There two intentions behind using all
subtest scores to sort patients into groups. Theifitention was to be able to employ
GMIP analysis, a computation that requires all Walibtest scores, so that patients
could be sorted into a GMIP group. The second tidarwas to be able to use MC and
PA scores when determining how patients were catagbinto groups. Sorting patients
into three performance groups as opposed to thépgass and fail) typically constructed
in PVT studies meant that patients who scoredercdution range on IR, DR, or CNS
subtests and those who scored in the warning ren@4C and PA subtests were placed
into a performance group along with patients wharesd in the failure range on IR, DR,
or CNS subtests but did not have a GMIP. This greagp labeled the suboptimal
performance group.

The utilization of all WMT subtest scores to féatle this type of performance
classification system has not yet been carriedroextant research. Instead, studies have
sorted patients into pass or fail groups, and petiith WMT scores in the caution
range have been placed into the pass group bettaiséR, DR, or CNS scores were
above the 82.5% failure cutoff (Drane et al., 2086skins et al., 2010). In the present
study, considering patients with scores in theicautange as passing the WMT seemed
problematic, especially since a seemingly highesod©0% (caution range) on IR or DR

is more than two standard deviations below the abadult mean (Green, 2005).
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Additionally, unlike in the current study, prev@®VT studies with patients with
epilepsy have not included MC and PA scores inritexpretation of WMT performance.
The most likely reason why these scores have ren necluded in interpretation is
because they are considered to be memory subfasis WMT (Green, 2005). However,
MC scores< 70% and PA scores50% receive a warning rating and are considered
suspicious of suboptimal performance when dementaher profound cognitive
impairments have been ruled out (Green, 2005). Mane MC scores of 75% and PA
scores of 64%, both of which ambovewarning cutoffs, are three standard deviations
below the normal adult mean (Green, 2005), progdimther support for considering
these scores in WMT interpretation. Therefore, giséneen’s (2005) findings as
justification, the current study used MC and PAressavhen sorting patients into
performance groups. Patients with MC and PA scoréise warning range who did not
have GMIPs were placed into the suboptimal group.

Categorizing patients with WMT scores in the camtnd warning ranges into
the suboptimal instead of optimal group accountedie high base rate of suboptimal
performance achieved in the current study. Indessillts indicated that, on average,
scores in the caution rather than failure rangeadtarized performance across PV
subtests in the suboptimal group (M= 90.78,SD=11.61; DRM = 92.33,SD= 3.53;
CNS:M = 86.38,SD= 10.87). Interestingly, mean MC and PA scoretienduboptimal
group were above warning cutoffs (MM:= 72.41,SD= 14.12; PAM = 65.69,SD=
14.06), signifying that, on average, MC and PA ssavere not the scores that drove
most patients into this performance group. As tWes&btests are considered easy, and

are usually passed by patients with various digsr(eg., moderate to severe TBI; Green
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& Allen, 1999; Green et al., 1999; Green, 2005;rokgical disorders; Gorissen, Sanz
de la Torre, & Schmand, 2003, cited in Green, 2001 likely that many patients in the
suboptimal group did not perform to the best ofrtability on the WMT.

For example, one patient obtained the following Watores: IR = 95, DR = 90,
CNS =90, MC =90, PA =70, and FR = 65. GMIP sawas 17. The patient's DTBM
was in the average range. The PO domain scoreniths high average range. VF, LM,
AC, and MD domain scores were in the average rangeghe EF domain score was in
the borderline range. The patient was pre-surginaad,been experiencing mainly
complex partial seizures for four years, and wamtpthree AEDs at the time of the
evaluation. He/she had 16 years of education, veakimg full-time, and was not
receiving SSDI. As such, history, current levefwictioning, and neuropsychological
performance did not offer any explanations as tg thie patient obtained suboptimal
WMT DR and CNS scores. Therefore, it appears asgimde/she likely underperformed
on the WMT (that is, was a true positive for suliopt performance on the WMT), and
subsequently, likely underperformed on other nesyopological measures during
testing. However, as discussed in the next seaigdmyptimal WMT performance may
not impact all cognitive domains equally.

It is also possible that some patients in the ptibmal group were false positives,
that is, identified by the WMT as performing suboyally, when, in fact, behavioral
observations and performance on neuropsycholotgstd suggested that they performed
to the best of their ability during the evaluatibtowever, upon examination of the data,
case examples of potential WMT false positives werable to be identified. This was

due to the fact that patients in the suboptimalqgoerance group averaged DTBM scores
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in the average range (albeit in the low end ofaerage range), thus making it difficult
to determine whether such scores were in factat@fie of actual ability level (which
would indicate a false positive on the WMT for sptimal performance) or instead
lowered due to suboptimal performance (which wontticate a true positive on the
WMT for suboptimal performance, similar to the cagample previously described).
The case example above that described a likedygasitive for suboptimal
performance, as well as the inability to identifgase example demonstrating a clear
potential false positive for suboptimal performanogth emphasize the importance of
interpreting WMT scores within the context of ctial history and neuropsychological
performance, and also encourage neuropsycholdgisteplore potential explanations for
suboptimal WMT scores. The present study did nat@re reasons for suboptimal
performance; however, as 38% of the sample didlisotose SSDI status, it is possible
that some patients may have been applying for dityatburing the time of the evaluation.
Though possible, this scenario is unlikely givea thean seizure duration of 17 years
and that patients with intractable epilepsy woukdlyy qualify for disability due to
seizure severity alone. Further, most pre-surgpdépsy patients are considered
motivated for surgery, and consequently, assumdd/ated for neuropsychological
testing. It is even more staggering, then, thatnwirdy considering pre-surgical patients,
the base rate of suboptimal performance was 39%,average IR and CNS scores in the
caution range and all other WMT scores in the paisge. Thus, the overall high, and
slightly higher pre-surgical, base rate of suboptiperformance in the current study is
surprising and calls into question how importaor-unimportant — it is to differentiate

between optimal and suboptimal performance on thMeTWh patients with epilepsy.
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The arguable importance and necessity of diffeagnty between optimal and
suboptimal WMT performance in patients with epilepsll be discussed in the next
section; however, it is important to note that bgitbups scored significantly different on
all WMT subtests. As hypothesized, large effectsiwere found between optimal and
suboptimal groups on all WMT subtests. Cohehvalues ranged from .94 to 2.31,
indicating that patients in the optimal group sdoseminimum of nearly one standard
deviation higher on all subtests than patienthénsuboptimal group. Also as
hypothesized, large effect sizes were found adhgd subtests when comparing
patients in the optimal and GMIP groups. Coha&hvalues ranged from 2.22 to 4.54,
signifying that patients in the optimal group sabaeminimum of slightly more than two
standard deviations higher on subtests than patierthe GMIP group. Finally, again as
anticipated, large effect sizes were also obsewtszh comparing patients in the
suboptimal and GMIP groups. Cohed'salues ranged from 1.00 to 2.35, indicating that
patients in the suboptimal group scored a minimf@ione standard deviation higher
across subtests than patients in the GMIP grouprdllythe presence of such large effect
sizes between performance groups across all WMiestsoprovided additional support
for the categorization of patients into optimalsptimal, and GMIP groups.

Finally, results also showed that 21% of the samas classified into the GMIP
group, suggesting that these patients scored bielitwre cutoff not because of
suboptimal performance but because of significaghiive impairment. The attained
base rate of GMIP performance was higher than tégumed 10% false-positive rate
reported by Drane et al. (2006), although it shdaddhoted that Drane et al. did not

employ GMIP analysis. In the current study, WMTfpanance in the GMIP group was,
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on average, characterized by scores below failut@ffoon all PV subtests (IRV1 =
78.68,SD=12.53; DRM =79.12,SD=7.12; CNSM = 72.12,SD= 9.10) and warning
scores on the memory subtests (MC= 39.71,SD= 14.52; PAM = 38.82,SD= 10.83).
The mean GMIP score in this group was 433D € 5.78), which was substantially
greater than the minimum 30-point normative GMIElusion criteria. Given that 52% of
patients were diagnosed with TLE (28% left TLE; 24@ht TLE), a seizure disorder
associated with impairments in memory and varidhsroareas of cognitive functioning
(Grote, Smith, & Ruth, 2001; Hermann et al., 2086rmann, Seidenberg, Lee, Chan, &
Rutecki, 2007; Keary, Frazier, Busch, Kubu, & lagtm, 2007), significant cognitive
impairment may have negatively impacted some patiabilities to perform above
failure cutoff on the WMT. As will be discussed &l this would only hold true if
patients in the GMIP group displayed significangmitive impairment on
neuropsychological measures, and if the GMIP waaddo be a valid indicator of
significant cognitive impairment in patients witpilepsy.

WMT Performance and Neuropsychological Test Scores

PVT scores have been found to account for apprabeiy 50% of the variance in
overall neuropsychological performance in non-ggiepopulations, with lower PVT
scores typically associated with significantly loviest scores across most cognitive
domains (e.g., Constantinou et al., 2005; Greeh.€2001; Green et al., 2002; Rohling et
al., 2002). Within the epilepsy population, althbubge research is more limited,
suboptimal PVT scores have also been associatédsigificantly lower performance
across a variety of neuropsychological measurean®et al., 2006; Locke et al., 2006;

Loring et al., 2005). The current study is thetfokits kind to investigate differences in
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neuropsychological test scores among WMT optimadpptimal, and GMIP
performance groups.

Results of the present study are largely condistéh findings from related
extant literature. Generally, support was foundvIT performance accounting for
variance in overall neuropsychological performaratieeit not in as high a percentage as
previously reported values (e.g., 49-54%; Greeal.e2001). Results suggested that PV
does not affect cognitive domains equally, a figdimat is consistent with and expands
upon results from existing studies examining PYhm epilepsy population. Findings also
indicated that patients in the suboptimal and GlEHormance groups performed
significantly lower on most, but not all, neuropgtogical measures than patients in the
optimal group, adding further support to the notioat PVT scores impact
neuropsychological performance.

First, results of the present study indicated YWWMT performance and education
level accounted for 35% of the variance in ovamalliropsychological performance as
measured by the DTBM, a composite of cognitive darsaores. Education level alone
explained 6% of the variance in DTBM scores, whglelatively consistent with results
from Green et al. (2001) indicating that educaterel explained 11% of the variance in
OTBM scores, which represented average performaciass a variety of
neuropsychological measures. Current results redebht WMT performance accounted
for an additional 29% of the variance in DTBM s&ralthough these findings support
well-established notions that PV accounts for séageipercentage of the variance in
neuropsychological test scores, the achieved ragsecansiderably lower than some of

the higher rates reported in studies with litigaimd compensation claimant populations
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(e.q., 49-54%; Green et al., 2001; 49%; Green.eR@02; 47%; Constantinou et al.,
2005; 36-45%; Rohling et al., 2002; 35%; Stevera.e2008). Instead, current findings
more closely resemble results of Bowden, Shores Mathias (2006) and Rohling and
Demakis (2010), which collectively demonstrated e explained 13-25% of the
variance in neuropsychological performance in Ti@dnts.

It remains unclear why the current study did ritatia a rate as high as those
found in previous studies (e.g., Constantinou .e2805; Green et al., 2001; Green et al.,
2002; Rohling et al., 2002; Stevens et al., 2068)yever, differences in PV measures,
study design, and patient populations might haveritmuted to varying results. For
example, Green et al. (2001) constructed a PV caitgofyom the three blocks of the
CARB; WMT IR, DR, and CNS scores; and the CVLT lidgrmula. Green et al. (2002)
used the same PV composite as Green et al (200hkt&htinou et al. used TOMM Trial
2 scores as their main PV measure. Stevens etedd. WMT IR, DR, and CNS scores,
and MSVT IR and DR scores as their PV measuresdBavet al. (2006) and Rohling
and Demakis (2010) both used the WMT IR score @is thain indicator of PV. As such,
the PV measures employed in these studies migbot&dered “purer” measures of PV
when compared to the measure that was utilizekisnstudy — the entire WMT. As
previously described, using all WMT subtests mdlaat both PV and memory subtest
scores were used when classifying WMT performa@cerent findings may therefore
reflect that WMT scores used in analyses measuvedn®d memory, and indicate that
overall, the WMT was not as “clean” a measure oféd8\the PVTs used in other studies.

Differences in study design may have also impartedlts. For example, Green

et al. (2001), Green et al. (2002), and Rohling Badhakis (2010) examined the impact
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of PV on the OTBM, a composite of average perforreagcross a variety of
neuropsychological measures. Other studies exptbeetnpact of PV on summary
indices or individual subtests of Wechsler 1Q arehmory tests (e.g., Bowden et al.,
2006; Constantinou et al., 2005; Stevens et ali§PQhe overall neuropsychological
deficit score on the HRNB-A (Constantinou et a02), or on stand-alone
neuropsychological tests (e.g., TMT; Stevens eR808). The present study used the
DTBM and cognitive domain scores as outcome measiiteus, the use of different
outcome variables, which measure neuropsychologaadtructs in slightly different
ways, may have accounted for some of the discrgp@ond in the rates of variance in
neuropsychological performance accounted for by PV.

Additionally, differences in patient population ynaave influenced results. As
noted above, most studies that have examined ld#oreship between PVT and
neuropsychological test scores have done so wviglatit and claimant TBI patients.
Though relatively unexplored, PV may impact neuygpslogical performance
differently in other patient populations that h@aeemingly little or no motivation to
underperform. Although a small number of studiegehexplored the relationship
between PVT scores and neuropsychological perfocmanpatients with epilepsy (e.g.,
Drane et al., 2006; Locke et al., 2006; Loringlet2005), none did so utilizing a design
similar to that of the current study. Thus, estesaif the amount of variance in overall
neuropsychological performance attributable to RVehnot been provided for the
epilepsy population. As will be discussed belowck®et al. came the closest to
providing such estimates by reporting how much TOl@AMformance explained variance

in individual cognitive domains, but did not comnstran overall measure of
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neuropsychological performance such as the DTBRTBM. It was therefore difficult
to compare this study’s overall variance accouiftedate of 29% with findings from
Locke et al. or studies conducted with other pafepulations.

Another major, and arguably more intriguing, fimglwas that WMT performance
did not affect each cognitive domain equally. Samtb previous findings (e.g., Green et
al., 2001; Green et al., 2002), WMT performance th@dmost powerful effect on the LM
domain, which represented scores on learning amdanetests. Specifically, WMT
performance accounted for 40% of the variance indddres. This rate was much higher
than that attained by Locke et al. (2006), who tbtirat TOMM scores explained 7% of
the variance in their Memory Functioning domainwewer, the LM composite in the
current study was comprised of 13 measures of Vvarzhvisual memory, and Locke et
al.’s Memory Functioning composite contained omhlg WMS-IIl Immediate Memory
and General Memory indices. Thus, the LM compdsidy represented a wider range
of learning and memory functioning than the comgogsed by Locke et al., which may
help explain the higher rate of LM variance accedrfor by PV attained in this study.
Additionally, it is of note that the LM domain ihe current study consisted mostly of
verbal memory tests, and that the WMT is a PVT takés on verbal memory,
particularly during its more challenging memory &dts. It is therefore reasonable to
suggest that the WMT accounted for such a subatgrtportion of the variance in LM
scores because some of its subtests (e.g., MCEFRAare also measures of verbal
memory.

WMT performance was also found to have a significaut less powerful, impact

on the VF, AC, EF, PS, and PO domains. Holding atloe level constant, results
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indicated that WMT performance explained 20% ofwtheance in the VF and AC
domains, which represented scores on verbal fumagoand attention and concentration
tests, respectively. WMT performance accounted 886 of the variance in the EF
domain, which represented scores on executiveiumoty measures; however, these
results must be interpreted with caution and ateyaneralizable, as the relationship
between WMT performance and EF scores was notrlidggin holding education level
constant, WMT performance accounted for 18% ofvédréance in the PS domain, which
represented scores on processing speed tests7#ndfthe variance in the PO domain,
which represented scores on tests of perceptuah@ation and reasoning. Contrary to
previously reported findings (e.g., Green et QP Green et al., 2002; Locke et al.,
2006), WMT performance did not significantly impaabtor functioning scores.
Education level accounted for 5-9% of the variamceognitive domain scores, which is
relatively consistent with the 11% rate found be@&r et al. (2001). Overall, these results
revealed that WMT performance explained more vagan most cognitive domains
than what has been previously reported in patweritsepilepsy. Locke et al. is the only
other study to report such rates in patients wiilepsy and found that TOMM
performance accounted for 4 to 9% of the varianocgrious cognitive domains.

As demonstrated by the current findings and tloddecke et al. (2006),
although PVT performance accounted for some of/énmnce in neuropsychological
performance, the majority of this variance remaineexplained. Locke et al. explored
more potential contributors than the present sardyfound that individually, medical
variables (e.g., current number of AEDs, duratibeeszure disorder), diagnosis (e.g.,

epilepsy vs. PNES), neuropathology, psychopatholagg PV explained relatively small
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amounts of variance in several cognitive domais.example, psychopathology
explained 3% of the variance in memory scores. Hewevhen considered together, the
combination of predictors explained a significaatgentage of variance in different
cognitive domains. For example, the combinatiopreflictors described above
explained 32% of the variance in memory functionf®gnilar to current results though,
the majority of the variance in cognitive domaiomss still remained unaccounted for in
Locke et al.’s study.

The current study did not replicate Locke et §2806) design; that is, other
possible explanatory variables related to seiz(e&p, recent seizure activity, seizure
location) or other areas of functioning (e.g., pemathology) were not included in
current regression models. Such variables wereohtded because they were
considered to fall outside of the main focus arfethis study, which was exploring the
relationship between WMT performance and neuropsygjical test scores in an
epilepsy population. Therefore, it remains unkndwemw incorporating such potential
explanatory variables into regression models marg Imapacted results, and, similar to
Locke et al.’s findings, the majority of the varganin cognitive domain scores remains
unaccounted for. This unexplained variance shoaltulther investigated in future
studies that include a wide range of possible egitary variables, such as those relating
to seizure disorder, medical status, AEDs and atlextications, neuropathology,
psychopathology, PVT performance, disability statusl demographics.

Finally, perhaps the most noteworthy results of section are related to
differences observed in cognitive domain scorescaedall neuropsychological

performance among WMT performance groups. Resahemlly supported the
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hypothesis that patients in the optimal performagroeip would have significantly

higher neuropsychological test scores than patiarttee suboptimal and GMIP groups.
However, as will be discussed, this hypothesis neasupported in all cognitive domains,
and an unanticipated subtlety emerged when exaghDirBM scores.

First, holding constant education level when neasg patients in the GMIP
group averaged significantly lower scores on th&BITand all cognitive domains except
for the MD domain (the MD regression model wasstatistically significant) than
patients in the optimal group. At face value, finsling appears to add support to the
validity of the GMIP in identifying patients who@@d below WMT failure cutoff due to
significant global cognitive impairment. Upon cloggamination, it became apparent
that although there were significant differencesranous indicators of
neuropsychological performance between GMIP anoingpbigroups, those differences
were not consistently practically significant, j.@inically meaningful. For example,
patients in the optimal group averaged VF, PO,AF, and DTBM scores in the average
range, whereas GMIP patients’ average scores weheilow average range. These
results suggested that patients in the GMIP groeewot markedly impaired on most
neuropsychological tests, the significance of whidlhbe discussed below. Significant
and clinically meaningful differences were obserbetiveen the optimal and GMIP
groups on LM and PS domain scores: on both of thesssures, the optimal group
averaged scores in the average range and the Gidlp gveraged scores in the
borderline range.

These results provided initial support for the digyi of the GMIP in identifying

patients who scored below WMT failure cutoff duesignificant impairment on tests of
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learning and memory, as defined by LM scores irbitrelerline range. These results also
provided additional support for previously discusfiadings that indicated that PV does
not impact cognitive domains equally, even in paievho demonstrate some level of
impairment on testing.

Rather unexpectedly, these results also indicai@dGMIP patients did not
demonstrate significant cognitive impairment acrabsseuropsychological measures. In
fact, on average, patients in the GMIP group awedddTBM scores in the low average
range. As will be discussed below, this was suipgigiven that approximately half of
the sample was diagnosed with TLE and 69% of ptstieere pre-surgical, both of
which typically indicate the presence of signifitangnitive impairment that likely
impacts aspects of functioning.

It remains unclear why substantial clinically miegful differences were not
consistently found between patients in the optiamal GMIP groups on any cognitive
domains except for LM and PS. The most likely empteon for the lack of consistent
practically significant results may have to do wsimple characteristics. Results
suggested that, on average, participants did nobdstrate marked cognitive impairment
in most areas of testing. In fact, mean overalropsychological performance was in the
average range for optimal and suboptimal perforreamnoups (DTBMM z-scores = -.37
and -.68, respectively), and in the low averaggedor the GMIP group (DTBNM z
score = -1.26).

The lack of a considerably cognitively impairesigle was surprising, given
that approximately half the sample (52%) was diagdowith TLE, which has been

shown to be associated with impairments in allaofacognitive functioning (e.g.,
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memory, attention, language, intelligence, exeeutinctioning; Hermann et al., 2006;
Hermann et al., 2007; Keary et al., 2007), as a®klow but continuous cognitive
deterioration (Jokeit & Ebner, 1999). Further, 66£the sample was pre-surgical,
signifying that the majority of patients had inti@ale epilepsy that may have had a
negative impact on various areas of functioning.(eognitive, affective, behavioral,
activities of daily living). However, since the spi@was, on average, relatively young
(M =39.98,SD=14.28) and, on average, had not been experigseizures for the
majority of their lives i1 = 16.96,SD= 1.75), it is likely that most patients were get
displaying severe global impairment on testing.

Findings from Jokeit and Ebner (1999) support suplessibility, as results of
their study showed that patients with a longer tlomeof refractory TLE (30+ years)
exhibited more severe cognitive impairment on th&I8YR than patients who had had
the disorder for shorter durations (<15 and 15-@8ry). Additionally, a large percentage
of the current sample (47%) was employed, offefimrther evidence that many patients
did not demonstrate the type of marked cognitivpaimment that would likely impede
involvement in the workforce.

Moving on, examining differences in cognitive domand DTBM scores
between optimal and suboptimal performance groepsaled mixed results. Overall,
results suggested that suboptimal performance®lM® T did not uniformly impact all
cognitive domains or the DTBM. Specifically, sigoént differences were not found
between these two groups on VF, PO, PS, and MD ttoseares, indicating that such

scores were relatively similar despite optimalusaptimal WMT performance.
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Significant differences were found between optiarad suboptimal groups on EF,
LM, and AC scores: patients in the suboptimal graugraged significantly lower scores
than patients in the optimal group. More specificglatients in the suboptimal group
averaged scores in the low average range on thesenoe variables, whereas patients in
the optimal group averaged scores in the averaggerd he only exception to this trend
was observed in DTBM scores: though scores betweetwo groups were significantly
different, these differences were of little praatisignificance as both groups scored in
the average range. Overall, in the absence of rdariignitive impairment on
neuropsychological testing, results suggestedphiants in the suboptimal performance
group did not perform to the best of their abibty certain measures of
neuropsychological functioning (e.g., measuresxetative functioning, learning and
memory, attention/concentration), and thus, thait thcores in these domains
underestimated actual ability levels.

These findings are consistent with those foundoinng et al. (2005) and Keary
et al. (2013), the only studies to stratify patsewith epilepsy into valid, questionable,
and invalid PVT groups based on normative VSVTsaaires. Similar to current results,
Loring et al. and Keary et al. found that patieantthe questionable group scored
significantly lower on a variety of WAIS-III and WSt indices than patients in the
valid group. Also similar to current results, Lagiet al. and Keary et al. found that
patients in both groups almost always scored ifediht ranges. For example, in the
Loring et al. study, patients in the valid grouprsd in the low average range on the
FSIQ, VIQ, and PIQ indices, whereas patients ingilrestionable group scored in the

borderline range. Keary et al. found that patiemthie valid group scored in the average
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range on three WMS-Ill indices whereas patienthéquestionable group scored in the
low average range, a finding consistent with curreaults. Overall, consistency between
results of Loring et al., Keary et al., and therent study provides additional support for
the way in which patients were categorized into WpFformance groups. Similarities
between results of those studies and the currenatso provide further support for the
well-established notion that poor PVT scores ase@ated with significantly lower
neuropsychological test scores across a rangegoitoce domains.

All things considered, two potential reasons emgifge the lack of consistent,
practically significant differences in neuropsyabmital test scores among WMT
performance groups in the current study. Firstsiant with extant research,
suboptimal WMT scores did not impact performancalbeognitive domains equally
(e.g., suboptimal WMT scores were associated vigghifscantly lower learning and
memory scores but not with significantly lower varfunctioning scores). Further, the
impact that suboptimal performance had on the ¢mgnilomains it affected was
arguably clinically negligible (e.g., lowered scofeom the average range into the low
average range), though knowing that such scores lerered due to suboptimal PV
would be useful when interpreting lower-than-expddest scores in those domains.
Second, the lack of a significantly globally imgairsample likely limited the extent to
which substantial, clinically meaningful differersc test scores could be found among
groups. As such, further research replicating tiesgnt study’s design with a more
clinically impaired sample of patients with epilgpaay help expand on current results.

Validity of the GMIP
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Using GMIP analysis, the WMT has been found toehawigh level of specificity
(e.g., 98%; Green et al., 2011) in patients witrese memory impairment (e.g.,
dementia) (Green et al., 2003; Green et al., 2@ib)ilarly, the GMIP of the MSVT, a
shorter version of the WMT, has been shown to lzakigh level of sensitivity (84%) in
patients with dementia, indicating that the GMIPreotly classified patients with
dementia as having dementia 84% of the time (Howa#&ng, 2009). These studies
support the validity of the GMIP in accurately diéntiating between WMT and MVST
scores below failure cutoff due to significant ciigne impairment and those below
failure cutoff due to suboptimal performance inigatis with dementia; however it
remains unknown if the GMIP can accurately do setirer patient populations that may
have significant cognitive impairment. The currstudy was the first to explore the
validity of the GMIP in patients with epilepsy hyestigating the relationship between
GMIP scores and scores on neuropsychological metasty. The present study also
examined how much each WMT subtest and constriwfdd memory and PV
composites explained GMIP scores to further exarthaevalidity of the GMIP. Overall,
results largely provided support for the validifytioe GMIP in patients with epilepsy,
though a slight threat was identified.

Overall, results supported the hypotheses thatRsédbres would predict LM
scores, and, more specifically, that patients @ilIPs would have significantly lower
LM scores than patients without GMIPs. In the frejression model, GMIP scores were
used in a simple linear regression analysis toiprédl scores. GMIP scores accounted
for 55% of the variance in LM scores, indicatingtteMIP scores were fairly strong

predictors of LM scores. As anticipated, there wasrong negative relationship between
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GMIP scores and LM scores £ -.74,p < .001), signifying that patients with higher
GMIP scores had lower LM scores. These resultsestgd that the higher the GMIP
score, the more likely a patient scored below WHMilufe cutoff because of significant
memory impairment. This is what would be expectede GMIP were a valid indicator
of WMT scores below failure cutoff due to signifidanemory impairment.

Results of the first regression model also inéiddhat 45% of the variance in
LM scores wasiot explained by GMIP scores. Such a high varianceecmanted for rate
suggested that other potential contributory factioas were not included in the model
(e.q., seizure data, neuropathology, psychopatigplogght have explained nearly as
much variance in LM scores as GMIP scores did. sisipusly noted, such potential
explanatory variables were not included in regaessnodels because they were
considered to fall outside of the main focus o$ $tudy, which was exploring the
relationship between WMT performance and neuropdggiical test scores in patients
with epilepsy. Future studies are encouraged tlicegp the current design and include
other potential contributory variables to allow gomore thorough investigation of the
validity of the GMIP in the epilepsy population.

The second regression model explored differencésd/i scores between GMIP
performance groups. Based on normative cut scpatents who did not meet GMIP
criteria were categorized into the non-GMIP grood those who met GMIP criteria
(failed at least one PV subtest and had GMIP scof3} were categorized into the
GMIP group. Results revealed that GMIP performasqgaained 30% of the variance in
LM scores, signifying that 70% of the variance M kcores remained unaccounted for.

Again, it remains unknown what other factors migave contributed to the unexplained
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variance in LM scores, as additional potential arptory variables were not included in
the model for reasons previously described. Patienthe GMIP group averaged
significantly lower LM scores than patients in tien-GMIP group. Specifically, patients
in the GMIP group averaged LM scores 1.16 pointgelathan patients in the non-GMIP
group. This resulted in patients in the non-GMIBuyr averaging LMe-scores of -.48,
which were in the average range, and patientsarGillIP group averaging LM-scores
of -1.64, which were in the borderline range. Thiasdings were consistent with
previously described regression results that fahatt GMIP patients averaged LM
scores in the borderline range.

These findings provide support for the sensitiotyhe GMIP to significant
memory impairment (as defined by LM scores in thedbrline range) in patients with
epilepsy. More specifically, these results sugtfest GMIP scores are able to validly
distinguish between patients who score in the @eseand borderline ranges on LM
measures. This differentiation is of practical gigance in interpreting WMT
performance because it provides a possible exptemiztr WMT scores below failure
cutoff.

Although results provided initial support for thensitivity of the GMIP to
significant memory impairment, examination of tlaalalso revealed the potential for
GMIP true and false positives similar to those tdead when discussing suboptimal
scores. A GMIP true positive would indicate tha GBMIP was an accurate reflection of
WMT scores below failure cutoff due to significanemory impairment. On the other
hand, a GMIP false positive would suggest thalGMIP was invalid because of

suboptimal performance throughout the evaluatiefutging during the WMT (so much

www.manaraa.com



166

so that at least one PV subtest was failed an@@point difference between the mean of
the easy and hard subtests was achieved). Twaegaseples illuminate these potential
classification inaccuracies.

In the first case example, a patient obtained ehewing WMT scores: IR = 58,
DR =73, CNS =65, MC =40, PA = 30, and FR = 1MIB score was 38. This patient’s
DTBM was in the extremely low range. The majorifyhes/her cognitive domain scores
were also in the extremely low range, though PONMBddomain scores were in the
borderline range. The patient had been experiersgimyres for 29 years and was pre-
surgical. He/she was averaging 20 complex pamiauses per month and taking one
AED during the time of the evaluation. He/she h&d/dars of education, was unable to
work because of his/her epilepsy, and was recei8i8D| during the time of the
evaluation, thereby seemingly indicting a lack mfexternal financial incentive to
underperform. Taking into consideration clinicadtbry and overall neuropsychological
performance, this patient’s GMIP score of 38 wksl{i an accurate indication of WMT
scores below failure cutoff due to significant meynionpairment as well as likely
substantial global cognitive impairment.

A second case example emphasizes the need fgorigtiag GMIP scores within
the context of overall neuropsychological profitelalinical history. The second patient
was also pre-surgical and had been experiencingbseizures for 36 years. Seizure
frequency was not noted in the records, but thepiatvas taking one AED at the time of
the evaluation. He/she had 12 years of educatias,employed full-time, and did not
disclose SSDI status. As SSDI status was unkndwvas possible that an external

incentive to underperform on testing was preseiné Jatient scored in the average range
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on the DTBM and all cognitive domains except for laMd PS, where scores were in the
low average range. WMT scores were as follows: B0=DR = 75, CNS = 60, MC = 40,
PA = 35, and FR = 23. GMIP score was 39. Only aereang WMT scores, it appeared
as though the patient may have scored below faduteffs due to cognitive impairment.
However, the patient’s clinical history and largalerage range performance on various
measures of neuropsychological functioning suggeiat his/her WMT performance
could more accurately be described as suboptinialh&r, considering WMT scores
within the context of his/her low average learnamgl memory scores provides additional
evidence of suboptimal WMT performance, as some&atielow average memory
performance should be able to complete the WMT autHdifficulty. In this case,

although greater than the30 cutoff, the GMIP score of 39 was a false pesifor a

GMIP, and instead indicated a false negative felAMMT. That is, this patient was
identified by the WMT as scoring below failure cifiteecause of the possibility of
significant cognitive impairment, whereas signifitaognitive impairment was not
evident on testing or in daily functioning. Thenefothe patient's WMT performance was
more accurately described as suboptimal and nlectafe of significant cognitive
impairment.

The two cases described above serve as remirdgralthough the specificity of
the GMIP has been found to be quite high, i.eth@90s, in various patient populations
(e.g., Green et al., 2011; Henry et al., 2009; Hewal., 2007; Howe & Loring, 2009),
the GMIP will not 100% accurately identify everytigat who scores below WMT
failure cutoff due to significant memory impairmeAs such, it remains good clinical

practice to interpret GMIP scores within the contixoverall neuropsychological
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performance and clinical history. This is espegi#ilie considering that, similar to
results on any neuropsychological test, true atse faositives for the GMIP are bound to
emerge.

Moving on, results of the final two regression ralsdargely provided support for
the validity of the GMIP, though a slight threatsanidentified. It should be noted that
these models violated many of the assumptions diipfeiregression, including that of
linearity, and contained influential cases. Therefthe models may not have accurately
represented the sample data and results are netajjeable.

Results of the first regression model revealetl94&o of the variance in GMIP
score was explained by WMT subtest scores, andiyragiported the hypothesis that
WMT memory subtest (MC, PA, FR) scores would actdomna greater proportion of
the variance in GMIP scores than would PV subiéstlDR, CNS) scores. More
specifically, FR scores accounted for the majdi6§2so) of the variance in GMIP scores,
with PA scores explaining an additional 16% of ¥heance. CNS and DR scores
explained small proportions of the variance in GMd®eres (3 and 5%, respectively). IR
and MC scores did not add to the explanation of BBtore variance. Increases in FR,
PA, and MC scores were associated with decreaseMIi® scores, indicating that
higher performance on WMT memory subtests was &ssacwith a lower possibility of
scoring below WMT failure cutoffs due to signifitanemory impairment. Overall, since
two of the three memory subtest scores (FR andaégunted for the majority of the
variance in GMIP scores, preliminary support wasv/ted for the sensitivity of the
GMIP score to WMT memory subtest performance, ang,tto general memory ability.

These results thus suggest that the GMIP scoileely b valid indicator of WMT scores
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below failure cutoff due to significant memory inmpaent (as defined by
neuropsychological test scores in the borderlimgean this study).

Further support for, as well as a slight threatirast, the validity of the GMIP
score was obtained in a final regression that emadchhow much the WMT memory and
PV composites explained GMIP score. As hypothesitedings indicated that the
WMT memory composite explained a greater propontibtine variance in GMIP scores
than did the PV composite. The WMT memory compasiteounted for 85% of the
variance in GMIP scores, with the PV composite aixphg an additional 5% of the
variance. Increases in memory composite scores ags@ciated with decreases in GMIP
scores, demonstrating that better performance ®NWT memory subtests was
associated with lower GMIP scores. This finding emkense given that lower GMIP
scores would be expected to be associated witfehiglemory scores, thereby
suggesting that WMT performance was not impactesidpyificant memory impairment.
Echoing conclusions drawn from the first regressimuel, these results provide
additional support for the validity of the GMIP seas an indicator of WMT scores
below failure cutoff due to poor performance on roeytests.

Finally, an unanticipated finding emerged whennaxang the correlation matrix
of the final regression model that posed a sligredt to the validity of the GMIP. The
correlation matrix indicated that the PV and memmosnposites were strongly correlated
(r =.73,p <.001). Such a strong correlation suggestedttiegt measured a similar
construct and thus posed a slight threat to thditsabf the GMIP score. The magnitude
of this relationship was also not anticipated,h&sRV composite is composed of subtests

that are purported to be measures of PV and theomyecomposite is composed of
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subtests that are supposed to be measures of m¢@ragn, 2005). However, this
finding makes more sense when put into context;ithaome amount of memory
functioning is required to score above failure tubm the PV subtests. As noted above,
though, such an unexpected finding may have affected the model’s inaccurate
representation of the sample data and, consequéntipt generalizable to other samples.

As exemplified by results discussed in this sectpyeliminary support was found
for the validity of the GMIP in the current epilgpsample. Depending on the regression
model, GMIP performance explained from 30-55% ef vhriance in LM scores. Overall,
GMIP group patients had significantly lower LM sestthan non-GMIP group patients.
On average, the GMIP group demonstrated LM scorésel borderline range, compared
with LM scores in the average range for non-GMI&ugr patients. Thus, on average,
GMIP scores signified the presence of borderlinenory impairment on testing,
providing initial support for the validity of theNHEP in this population. Despite these
encouraging results, neuropsychologists are sgkd to interpret GMIP scores within
the context of clinical history, behavioral obseiwvas, and overall neuropsychological
performance, as, like with any test, there is asvegyme amount of error associated with
classification accuracy.

Limitations and Directions for Future Research

As with all research, methodology is an importactor to consider in the
interpretation of current findings. The presentgtwas the first of its kind to categorize
patients into WMT performance groups, and to subsetly examine how such groups
performed across a variety of neuropsychologicasuees. Although WMT

classifications were based on normative cut sq@esen, 2005) and patients in each
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group had significantly different scores acros8MMT subtests, results of subsequent
analyses may have differed had an alternate désign employed. For example, would
more practically significant differences on certaguropsychological outcomes (e.qg.,
significantly different scores in different rangasthe DTBM in patients in the optimal
and suboptimal groups) have emerged between grbpasents with IR, DR, and CNS
scores in the caution range and patients with MECR#A scores in the warning range had
been placed into the optimal instead of suboptgnalip? Such a design would have left
patients with WMT scores in the failure range é&ast one IR, DR, or CNS scote
82.5% and GMIP scores < 30) in the suboptimal gr@aients with GMIPs would have
remained in the GMIP group. As the current studlyrtbt employ such a design, it
remains unknown if such proposed changes to gratggorization would have
drastically altered results, yet the possibilitgneens. Future studies are encouraged to
employ this suggested modification in design areh tte-examine the relationship
between WMT performance and neuropsychologicalsestes in patients with epilepsy.
An additional potential limitation regarding desigyas that the LM domain was
comprised of verbal and visual memory tests, tloeegbotentially framing LM as a
unitary construct. Theoretically, LM is not beliegv® be a unitary construct, but rather
an umbrella construct under which verbal and visuanory fall as unique yet related
types of memory. In practice, neuropsychologistsceptualize and interpret
performance on verbal and visual memory testsreifiiy, particularly in patients with
TLE (52% of the sample) who may display impairmertsserbal and/or visual memory
tests depending on seizure type, focus, and laeati@&n. The present study included both

types of memory tests in the LM domain in an attetopepresent general memory
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functioning, similar to the approach taken by Greeal. (2001), Green et al. (2002), and
Rohling and Demakis (2010). However, upon examamadf the composition of the
current LM domain, it became apparent that the nitgjof the domain (69%) was
comprised of verbal memory tests. Such a compaostiverbal memory heavy — was
quite similar to that of the LM domains constructedtudies that utilized similar designs
(Green et al., 2001; Green et al., 2002; Rohlinp&nakis, 2010), thereby providing
preliminary justification for the composition ofelturrent LM domain.

The LM domain in the current study was not deaoieséd into two separate
domains — verbal memory and visual memory — foargéety of reasons. First, reliability
analysis results revealed that the LM domain peeska strong level of reliability (
=.93), indicating that all tests that compriseel domain represented the overarching
construct of memory. Next, one of the main goalthtf study was to examine the
relationship between WMT scores and overall newdpslogical performance as
measured by the DTBM. The DTBM was created by cdinguhe average of cognitive
domainz- scores; therefore, having two memory domainsagbf one would have had
little impact on overall DTBM scores. Further, as\pously mentioned, other studies
that utilized a similar design (constructing coygtdomains and an OTBM or DTBM)
did not separate verbal and visual memory teststhir own domains. Instead, Green et
al. (2001), Green et al. (2002), and Rohling anthBld@s (2010) included both verbal and
visual memory tests in their LM domains, which es@nted general memory functioning.

For the sake of thoroughness, analyses in themustudy were re-conducted to
explore whether splitting the LM domain into sepanzgerbal and visual cognitive

domains would impact results. Results of the rdysea were very similar to results of

www.manaraa.com



173

the original analyses and did not result in pasiemtany WMT performance group
scoring differently than they did on the LM domamDTBM in initial analyses. Thus,
exploratory re-analyses results revealed that oactstg two LM domains failed to
meaningfully impact results, thereby providing prehary support for the inclusion of
both verbal and visual memory tests in the LM domHtiremains unknown if results
would have been different in both the initial as&ly and re-analyses had the sample
demonstrated significant cognitive impairment. Fetstudies are therefore encouraged
to implement the modified design (separate verbdhasual memory domains) with
markedly impaired patients with epilepsy to explpotential impacts on results.
Another limitation emerged during data analysisawerage, the current sample
did not demonstrate significant cognitive impairmen testing; that is, other than the
GMIP group averaging scores in the borderline raomgeM and PS domains. This
limitation was unexpected, as the majority of théients were pre-surgical. Typically,
epilepsy surgical candidates have poor to no seizontrol, and, accordingly, may
demonstrate significant cognitive impairment in\aties of daily living and on
neuropsychological testing (Bortz, 2003; Tavakbkle 2011). However, since the
current sample was, on average, yourig=(39.98,SD = 14.28) and, on average, had
been experiencing seizures for less than 20 ydars16.96,SD= 1.75), it is likely that
most patients were not yet exhibiting signs of nedrkmpairment on testing (Jokeit &
Ebner, 1999). As such, the lack of a largely sdyaregnitively impaired sample may
have impacted the regression models exploringdlaionship between WMT
performance and neuropsychological test scorese Igpecifically, the presence of a

more markedly cognitively impaired sample may hiaegeto the emergence of practically
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significant differences on other neuropsychologimoabsures in addition to the LM and
PS domains among optimal and GMIP groups. Futweareh is therefore encouraged to
replicate the current design with a sample of @giepatients who display more global
impairment on neuropsychological testing. Additioresearch might also wish to
replicate this study using a sample of patienth Vahger average durations of seizure
disorder than patients in the current study, themebreasing the chances of obtaining a
sample with significant cognitive impairment.

Next, pre-surgical and non-surgical patients vixerh included in the current
study. The majority of extant literature exploriRyT within the epilepsy population has
not reported surgical status (e.g., Cragar e2@06; Drane et al., 2006; Hill et al., 2003;
Hoskins et al., 2010). Instead, patients have besaribed as undergoing video-EEG
monitoring to determine candidacy for resectiorgsty, and decisions regarding surgical
candidacy status have not typically been repoitedrefore, non-surgical patients may
have been included in previous studies, but timsares unknown because of how
samples have been described. The present studyeepurgical status and included
both pre- and non-surgical patients in analyseduthng both pre- and non-surgical
patients may have impacted findings, as, for exampin-surgical patients may not be as
motivated to undergo neuropsychological evaluati®pre-surgical patients. Non-
surgical patients may be less motivated for tedbecpuse the results of their evaluation
may be less critical to their medical care as paaksurgical risks and outcomes are not
being determined. However, current results indat#it@t a higher percentage of pre-
surgical patients fell into the suboptimal perfonoa group than did non-surgical

patients (39 versus 28%, respectively), indicativag the majority of non-surgical

www.manaraa.com



175

patients in the current sample appeared motivateteting. As patients in WMT
performance groups were not further stratified grtoups based on surgical status, the
potential effect of surgical status on neuropsyobilal functioning and possible
interaction effect of WMT performance and surgstaltus on neuropsychological
functioning was not explored. Future researchesdfore encouraged to more accurately
describe sample characteristics including surgtatlis, and to explore the possible
impact of surgical status on WMT performance anagroysychological functioning in
patients with epilepsy.

Similarly, the current sample did not include psstgical patients with epilepsy.
Post-surgical patients were not included becauseirgical and post-surgical WMT and
neuropsychological data were not available fomtizgority of patients. Therefore, it
would have been difficult to control for the pot@htmpact of surgery on WMT
performance and also on neuropsychological meastres examining differences
among WMT performance groups. It remains unknown mzluding post-surgical
patients might have impacted findings, includingettter there would have been
differences in WMT performance between pre- and-posgical patients. Future
research should compare the WMT performance ofgrd-post-surgical patients with
epilepsy, as well as examine possible differenceseuropsychological functioning
between patient groups in light of WMT performaricegrder to further expand the
epilepsy PVT research base.

Moving on, another potential limitation of the pemt study was that seizure data
(e.q., seizure duration, age of onset, seizure sgieure frequency, date of last seizure)

were not included in analyses. These data werenolided in regression models because
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the main focus of the study was to explore theti@iahip between WMT performance
and neuropsychological test scores in patients @ptlepsy, and including seizure data
would have changed the nature and broadened tpe s¢ahe study. However,
incorporating seizure data might have impactedecuriindings. For example, research
has found that patients who experienced seizuretgatithin 24 hours of, or during,
neuropsychological testing may perform below thgical level of cognitive
functioning on neuropsychological measures (Renrekez-Boria, & Rodin, 1969;
Aldenkamp & Arends, 2004a; Aldenkamp & Arends, 2004 herefore, including
seizure data such as date of last seizure andrediegiuency might have explained
unaccounted for variance in cognitive domain and@BiTscores. Further research
investigating the relationship between PVT and opsychological scores within the
epilepsy population should include seizure dataradictor or control variables in data
analysis models to clarify and expand upon curiedtngs.

Another limitation was the study’s small sampleesN = 81). Although power
analyses indicated that the sample was large enouggtect large effects in all but one
analysis, results may have differed and been memerglizable if the sample had been
larger. For example, if a substantially greater am@f patients with epilepsy were
included, a higher proportion of the sample mayehd@monstrated more significant
levels of cognitive impairment. As such, more picadly significant differences on
neuropsychological measures among WMT performarmepg might have emerged, or
the GMIP might have been found to be, on averasgnaated with severe as opposed to

borderline memory impairment. Additional studies trerefore encouraged to replicate
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the current design with larger sample sizes in bagdurther validating and building
upon current findings.

Lack of generalizability is the final limitatiorf the present study. As described in
the Results chapter, data largely violated theraption of normality. Transformations
made to the data were not helpful, so data remaingdnsformed and, therefore, non-
normal. Although ANOVA and multiple regression amnsidered fairly robust tests, it is
possible that the non-normal data had a negatipadton the ability of such tests to
estimate reliable statistics and produce modelesgmtative of the sample data. Various
assumptions of regression were also violated foresof the multiple regression models,
indicating that results must be interpreted withtmm and cannot be generalized to other
samples of patients with epilepsy or to other pafopulations. Replications and
expansions of the current study with largely nordethsets that do not violate many of
the assumptions of the statistics being employecacouraged to provide further
validation of current findings.

Conclusion

Results of the present study indicated that preshoreported base rates of
suboptimal performance in the epilepsy populatioghtnvary considerably (e.g., from 4-
28%) because such rates likely included patients swgnificant memory impairment in
their suboptimal PV groups. Seeking to clarify thatiance in base rate, results of the
current study revealed that 21% of the sample sidoetow WMT failure cutoff because
of significant memory impairment (as defined by Iskbres in the borderline range).
This finding suggested that similar patients migénee been misclassified as performing

suboptimally in previous studies that did not ergdldMT GMIP analysis.
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Interestingly, current results also revealed #hatibstantial percentage of patients
(36%) performed suboptimally on the WMT. This fingilikely indicates that a
significant number of patients simply underperfodyfer reasons unknown, on the
WMT and various neuropsychological measures adtenrad during testing. This finding
may also reflect how patients were sorted intograrince groups. Namely, patients with
IR, DR, and CNS scores in the caution range wertedanto the suboptimal group,
instead of the optimal group as has typically beéeme in prior studies, along with
patients who scored below failure cutoffs and ddthrave a GMIP (i.e., “clear fail”
performance). As discussed earlier in the discassgztion, sorting patients with caution
range scores into the suboptimal group likely iasezl the base rate of suboptimal
performance attained in the current study.

Regarding the relationship between PVT scoresnandopsychological test
scores, current results were largely consisterit @itant research and indicated that
WMT performance accounted for variance in overallnopsychological performance,
though not in as high a rate as previously report&des. In the current study, WMT
performance accounted for 29% of the variance sral/neuropsychological
performance, and from 17 to 40% of the varianasognitive domain scores. Of note,
PV did not impact all cognitive domains equallyiraling consistent with existing
research that suggests that certain domains kgagning and memory) may be more
sensitive to the impact of suboptimal performar@ntothers. Additionally, WMT
performance groups scored significantly differesrbas most, but not all,
neuropsychological measures, with patients in thgtimal and GMIP groups

obtaining significantly lower scores on most measuhan patients in the optimal group.
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Notably, the sample was not as cognitively impaasdvould be expected given a
majority (70%) pre-surgical sample. The lack ofgmgicantly cognitively impaired
sample may have accounted for the lack of pratyisainificant difference on some
variables among performance groups.

Finally, preliminary support was found for theidély of the GMIP in identifying
WMT scores below failure cutoff due to significanemory impairment. More
specifically, patients in the GMIP performance gr@averaged LM scores in the
borderline range — indicating the presence of &ant impairment — compared to non-
GMIP group patients who averaged LM scores in tlegage range. Although a slight
threat was identified regarding the validity of tBB®IP in this sample, this threat should
be interpreted with caution as the finding may hiafkected the regression model’s
inaccurate representation of the sample data.

Overall, results of this study encourage the ishkeoWMT and GMIP analysis in
patients with epilepsy. It should be noted, thought similar to extant PV research with
various patient populations, the majority of vadam cognitive domains and overall
neuropsychological profile remained unaccounted@her possible explanatory
variables (e.g., seizure and medical data, AEDs;apathology, psychopathology,
disability status) were not included in currentressgion models because they were
considered to fall outside the focus area of thidys Thus, the unexplained variance in
neuropsychological performance should be investtyat future studies that include a
wide range of possible explanatory variables. Farrtheuropsychologists should be
aware that WMT scores do not likely explain the onigy of variance in cognitive

domain scores or overall neuropsychological peréoroe in patients with epilepsy.
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Therefore, neuropsychologists should continue tesicter the impact of clinical history
and medical status, current level of functioning (eability to live independently,
perform basic activities of daily living, etc.),yzhological status, behavioral
observations, and demographic factors, along Wi Scores, on neuropsychological

performance in patients with epilepsy.
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