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Abstract

ELECTROPHYSIOLOGICAL IDENTIFICATION OF MALINGERED
EXECUTIVE DYSFUNCTION

by

Steven A. Hoover, M.A.

Adviser: Jillian Grose-Fifer, Ph.D.

Traditional evaluation of cognitive functioning is based on the assumption that the
individual being assessed is responding to the best of his or her abilities. Howexer, w
individuals have external incentives to appear more impaired, such as those involvdadm civi
criminal litigation, the results of these evaluations may be questionable.forbgreeasures
designed to assess malingering have become an integral part of many rehniogssal
evaluations, particularly in forensic settings. However, these malingaegagures have been
demonstrated to be vulnerable to both manipulation and coaching. Consequently, receht resear
has attempted to identify physiological indices of cognitive functioningatfealiess susceptible
to overt manipulation. Previous physiological studies have focused on assessallityeo?
an individual's memory impairment, however, this study evaluates the effecttveha
physiological measure of frontal lobe executive functioning.

This study used EEG recording in conjunction with a three stimulus oddball design to
compare differences in neural responses in simulated malingerers and corteols. T

experimental group was tasked with simulating the cognitive deficivgiassd with traumatic



brain injury (TBI). Specifically, the study was designed to compareamt-eelated potential
(ERP) known as the P3a, which is elicited by irrelevant distracter stimdlioanvestigate its
resilience to intentional manipulation. The P3a is believed to be an index of frontal lobe
executive processes, specifically the attentional orienting response.

The results of this study demonstrated that simulated malingerers did not paoduce
physiological P3a response that was significantly different from cqpdirticipants.
Furthermore, the P3a in simulated malingerers did not demonstrate any of tioéogioa
indicators demonstrated to be present in prior studies with mTBI patients. Noteyely w
malingerers unable to produce a significant change in their basic orienfiogsesbut the very
process of attempting to employ additional strategies to appear impaired prothee
physiological markers of deceptive responses. Therefore, the P3a congyureared to be
unaffected by an individual’s motivation or overt performance, thus making it aflesic
candidate for measures differentiating between malingerers aedtpatiith genuine TBI.

The results are discussed in comparison to traditional behavioral measurdis @ red
executive deficits, and serve as a pilot study for future development of phisablogasures of

cognitive functioning that span multiple cognitive domains.



Vi

ACKNOWLEDGMENTS

| would like to dedicate this dissertation to my beautiful wife, whose continued love,
support, and encouragement made this endeavor possible. She remained by my giu@uthrou
my graduate education and was not only my partner, but my own personal cheertbtaer, e
and therapist. She has sacrificed right alongside me, and | will be fardwaardebt for her
patience and support throughout what was a long and arduous process for us both.

In addition, | also have to dedicate this accomplishment to my advisor Jill Gifese-
Despite her hectic schedule, she always made me feel as if | waddegsponsibility. She
provided me with limitless attention and feedback (often more than was requastedjorked
tirelessly on a project that aligned much more closely with my interesthéraown. Her
support and dedication as a teacher and a mentor is a model for the type of profesaronal
only aspire to become.

My gratitude also goes out to my fellow graduate students who provided theipgeerts
(and counseling) that made this process possible. Particularly, | have to thardofioli, my
lab partner and friend, who had to talk me back from the edge on more occasions than | would
like to recount. | must also thank my parents. They made me the person that | aemtbday
words cannot express the appreciation | have for the sacrifices and supporvthpyolhaled
me with throughout the years.

| would also like to thank the Forensic Psychology Research Institute for providing

funding and making this project possible.



vii

TABLE OF CONTENTS

CHAPTER 1: INTRODUCTION....ooi ittt et e st s s s e e s snaeesnee s 1
Traditional Behavioral Measures of MaliNngering ............uuuuuiiiiiiiiii e 3
Behavioral Assessment of Malingered Executive DefiCitS.........ccooveeeiiiiiiiiiieiiicicis e, 8
Physiological Measures of MaliNngEIiNg ..........uuuuuuuuuiiiiiiiieeeeeeeeeeeeeeeeetaess s e e e e e e e e eeeaeeeeaasennnn 13
Event-Related Brain Potential (ERP)........cooiii e 14
Physiological Identification of Malingered Memory Deficits USINgRER..............oeeeeeeeeeee. 15
Application of ERP Measures of Malingering to an mTBI Population...............ccceevvvvviiinnnnnnn. 18
TBI and EXeCUtiVe DYSTUNCLION...........coiiiiiieieee e e e e e e e e e e e e aeeeeeesannnes 19
T TSR TPPPP 20
P3a and EXeCUtiVe FUNCHIONING ....cooiiiiiieeeieeeeeee ittt e e e e e e e e e e e e e eeeeeeeenee 27
P3a and TraumatiC Brain INJUIY ......ccooooi oo e e e et s e e e e e e e e e e e e eeeeenennnnnes 29
Rationale and Hypotheses for the Current StUY.........ccooeeieeeiiiiiiieceeecer e 33

CHAPTER 2: METHODS ...ttt sttt na e snn e ennes 35
o T (ol o =T o1 PRSPPI 35
SCIEENING MEASUIES ...ttt et e e e e e e e e et et e eeeeeeaat e st e e e aaaeeaaeeeeeaeesessssss i aaaaeaaaeaaeaeeeessesnnsnnnnnns 36
[ o ToTTo (1 (PSSP PP TP TRTPPPPI 37
Wisconsin Card SOrtiNg TASK (MWEC ST ). .uuuuuuiiiiiieeee ettt e e as 39
ERP SHUMUIL ... e e e e e e e e e et e e e e e easa e e e e e eataeaaaeenns 40
e 1= 1] PSR SOPPPRRR 41
[q=Toto] o [T To [ md (o ToT=To U1 =TS 41
DALA ANAIYSIS ..o e e e e e e e e e et et et ettt b ab b e e e e e e e aaaaaeaeeeerrnes 42

(08 o N e I e i g i U R I SR 44
100 10 o] 1 (1 o [ 44
e {010 B = (< o [ PSP PPTUPPPTR PPN 46
o el =12 o F= 1Y o] = L D | - TP 47
W ST RESUIS .ottt e e e e e e e e e e e e e e e e et e ae et bbb a e e e e e aeeeaaas a7

CHAPTER 4: DISCUSSION ..ottt sttt s e e s e s s e ssessenes 49

APPENDI X ..ottt sttt b et b At e Rt ARt Re et e e e neebenee e enenaeneas 59

REFERENCES...... . ot 70



viii

LIST OF TABLES

JLIE= 1 01 SR P P TP PRI 59
Table 1
Beta weights included in the WCST logistic regression equations developeaiiardet
al. (1996) and Suhr and Boyer (1999) .......ciiiiiiii e e e s 59
Table 2
Suhr and Boyer (1999) cutoff values for malingering using the WCST ............coeviiiiiiinnnnns 60
Table 3
Cutoff values and sensitivity/specificity for different combinations of WW@fslicators
using the two sets of cutoff criteria (Greve et al., 2002)............ceuviiiiiiiiiieeeeeeieeeeeen 61
Table 4
The diversity of study characteristics of those examining P3a amplitooiegapatients
110 R = RPN 62
Table 5
Participant demMOgrapPICS ... .. oottt e e e e e e e e e e e eeeaaaee 63
Table 6
Bernard et al. (1996) criterion utilized in the current study to compare marsgard
honest responders USING the WECST ... e s 64
Table 7

WCST malingering results comparing honest responders and malingerers ...........ccccceeeeeee. 65



LIST OF FIGURES
T T =1 66
Figure 1
Example of both P3a and P3b COMPONENTS.........ooiiiiiiiiiiiiiii e 66
Figure 2
Grand average ERPs elicited by the two stimuli types (target and tlistriac both
malingerers and NONESE FESPONUEIS .......uuuuuuiiiiiie e 67
Figure 3
Scalp distributions for honest responders and malingerers for distractergeicdstanuli .68
Figure 4
Scalp distribution for malingerers in response to target itemsS..........ccoevvviiiiiiiiiinieeeeeeeeeeeeeee 69



CHAPTER 1: INTRODUCTION

Many neurological conditions, especially in their early stages, mresthout
physical manifestations that can be verified through laboratory testsgingna
techniques (Lezak, Howieson & Loring, 2004). This issue is particularly sedieases
of traumatic brain injury (TBI). TBI is often characterized by both vdyiédocal
injuries, which do not necessarily directly correlate with specific fonat impairments,
anddiffuse axonal injury caused by the stretching of brain tissue (Levin, 1990), which
cannot be detected using brain imaging techniques such as computed tomography (CT)
scans, single-photon emission computed tomography (SPECT), or magnetic resonance
imaging (MRI) (Ichise, Chung, Wang, Wortzman, Gray & Franks, 1994). Therdiere, t
onus of assessing the cognitive deficits associated with brain injuriely calefs on
traditional behavioral measures of neurocognitive functioning (for a review,ezak et
al., 2004). However, standard measures of cognitive functioning are often grounded in
the assumption that an individual is putting forth their best effort, and therefore have bee
demonstrated to be susceptible to both careless responding (low effort) and the
intentional exaggeration of symptoms (malingering; Larrabee, 2007; VaBeimy,
Clark & Jiang, 2008). Traditionally, the task of determining whether the testsraseil
an accurate representation of a person’s abilities has been left purehnioian’s
judgment, based on impressions formed during testing. However, a significant risk
remains that individuals who are careless in their responses may be nfisdiesti
cognitively impaired. These problems are compounded in forensic settings when
assessing populations who have an external incentive to appear impaired, such as those

involved in legal proceedings.



For the past decade, clinical neuropsychology has increasingly moved into the
private sector, and the majority of private practice referrals now hasesior
applications (Sweet, Moberg & Suchy, 2000). Other than divorce actions, personal injury
cases represent approximately half of all remaining civil casgatét within the
American court system (Modlin, 1983), the majority of which involve reports of TBI
(Miller, 1993). General damages awarded to personal injury claimantgemded to
correlate with the degree of impairment, pain and suffering, and futureuspems
associated with their injuries (Greenberg, 2003). This provides substantialtrontiea
a plaintiff to intentionally exaggerate the degree of their impairnmeottder to receive
higher compensation.

Precise base rates of malingering are difficult to determine sipcfimition,
malingerers do not admit their deception (Greiffenstein, Baker & Gola, 1994). vidgwe
a recent survey of American Board of Neuropsychology diplomats in forensiceract
estimated that as many as 30% of disability cases, 29% of personal irgesy @ad 19%
of criminal cases were suspected of exaggerating or fabricatingyhgtoms
(Mittenberg, Patton, Canyock, and Condit, 2002). This survey placed particular emphasis
on the high proportions (38%) of malingered neurocognitive deficits suspected in
personal injury claims of mild head injuries. This estimate was latercmdiby
Larrabee (2003) in a meta-analysis of 11 studies investigating matiggenmild TBI
(mTBI). Using cutoff scores on established measures of both cognitivediuingtiand
malingering, they estimated that 40% of mTBI patients who were seeking iceatipa
were identified as having performance deficits suggestive of maliggeArevalence

estimates from individual studies within this meta-analysis ranged frén(Ifueblood



& Schmidt, 1993) to as high as 64% (Heaton, Smith, Lehman & Vogt, 1978). Similarly,
a high prevalence of exaggeration of cognitive complaints has also beend@parte
sample of whiplash patients who did not appear to have significant injuries; 61% of them
complained of cognitive symptoms with severity scores comparable to thbseaydr
closed head injuries (Schmand et al., 1998).

Despite the apparently high base rate of symptom exaggeration in forensic case
little is known about the abilities of clinicians to reliably identify maliggs. A survey
of neuropsychologists revealed that when they were presented with a comprehensive
battery of test data from an individual feigning cognitive deficit, thegewwunable to
identify the results as “fake” (Faust, Hart, Guilmette & Arkes, 1988). Giveset
findings, it is not surprising that clinicians are continually exploring nethoas to
assess the veracity of an individual’s reports of cognitive deficit, parficwaen
assessing populations without quantifiable injury, such as those with mild to moderate
TBI.
Traditional Behavioral Measures of Malingering

To date, clinicians have relied on behavioral measures of effort to assist them in
making a determination of malingering. In a recent survey, 84% of nechapsyists
reported including malingering measures in their assessment ba({&aetand &
Gfeller, 2007). Typical tests used in clinical practice to detect maingger suboptimal
effort on neuropsychological measures frequently employ a paradigmedeferas
Symptom Validity Testing (Sharland & Gfeller, 2007). Symptom ValiditytinggSVT)
is based around the idea that when faced with a forced-choice task, even those with

severe cognitive impairment should not score significantly below chareeprimary



appeal of such tests lies in their ability to quantify the probability of poor peaifure on
a particular measure since the cutoff scores for determining malingeerzased on
statistical confidence intervals. Below chance performance on this typst stiggests
an intentional effort to avoid what is known to be the correct response. This type of
behavior meets one of the diagnostic criteria for Malingered NeurocogDysfeinction
proposed by Slick and colleagues, as evidence of a “definitive negatiomsedpas”
(Slick, Sherman & Iverson, 1999). Several variations of SVTs are used inlclinica
practice and are considered by many clinicians to be the most valid indicators of
malingering currently available (Sharland & Gfeller, 2007). The nmeguently
encountered SVTs in clinical practice (and those believed to be the most reialtleg
Test of Memory Malingering (TOMM; Tombaugh, 1996), the Word Memory Test
(WMT; Green, 2005) and the Validity Indicator Profile (VIP; Frederick, }9Sharland
& Gfeller, 2007).

The TOMM is a memory task that was designed to produce high accuracy
performance even in neurologically impaired populations (Larrabee, 20@&). Af
viewing a series of line drawings, participants are presented witldaand a new item
and have to identify which one they saw previously. Individuals suffering from
documented aphasia, TBI, and cognitive impairment are typically able talpromirect
responses on over 97% of the items, when responding to the best of their abilities.
those suffering from dementia are able to achieve 92% accuracy on thiseneasur

(Tombaugh, 1996).

Even

The TOMM remains the most commonly used instrument to assess malingering,

with regular use by 75.3% of neuropsychologists surveyed (Sharland & Gfeller, 2007).



Its popularity, however, makes the TOMM a very recognizable instrument anaidexb r
concerns that this measure may be too easy to identify and manipulate. $ohaseal
criticized for being too simple, with a lower hit rate than other measureslioferang
(Larrabee, 2007).

The Word Memory Test (WMT) is also a direct measure of malingeringsthat i
frequently used in clinical settings, which is similar to the TOMM but uses wastisad
of pictures. Like the TOMM, even patients with severe cognitive impairmedtipe
relatively high accuracy scores on this measure (Sharland & Gfeller,. 200¥®n the
WMT was administered to a population of TBI patients with identifiable brain injury
accuracy scores still exceeded 90% (Sharland & Gfeller, 2007). Howevatedhe
relative simplicity of this measure, patients with mild traumatic brguries actually
scored significantly worse than those with more severe injuries (Greesprv&rAllen,
1999). In a sample of patients referred for personal injury or disability elaisiathe
WMT was shown to make determinations of malingering in 32% of the sample, in
comparison to 11% who were identified as “faking” by the TOMM (Gervais, Rohling,
Green & Ford, 2004). This draws attention to the possible simplicity of the TOMM, and
its tendency to underestimate the presence of more subtle malingeringvercave
concern that the WMT may have a tendency to produce false positives is pdyticula
troubling for forensic application.

In contrast, the Validity Indicator Profile (VIP) offers a more sophitdita
measure of malingering than either the TOMM or the WMT, but is also based on a two
alternative, forced-choice design. In contrast to many other methods, webi@ither

verbal or visual memory, the VIP assesses both vocabulary knowledge and nonverbal



problem solving abilities. Administering both verbal and non-verbal subtests therefore
improves the chances of detecting malingering by testing multiple domasogmtive
functioning, because a sophisticated malingerer will only feign on those ree#satr
appear consistent with their reported deficits. The VIP subtests can be aghexdhist
separately, or as companion measures. The VIP has been reported to &iave gre
incremental validity and sensitivity than another popular measure of mahiggine Rey
15-Item Test (Frederick & Crosby, 2000). When used alone, the VIP-V reportedly
correctly classifies 75.5% of malingerers. While the ability of this oreas positively
identify malingerers is relatively weak (only 67% sensitivityhas the advantage of
producing a relatively low number of false positives (83% specificity). TReNA has
shown slightly better classification accuracy (79.8%), with 74% seitgiéind 86%
specificity (Frederick, 1997). The results of the two VIP subtests camalsombined

in one of two different ways. First, protocols indicative of malingeringdematified if
performance on either one of the two subtests is invalid. This approach resnlts in a
overall classification rate of 77.7% (78% sensitivity and 77.5% specifi€itgpeérick,
1997). In order to achieve increased specificity, which is particularly tfacifrensic
application, the second approach requires both subtests to be invalidated to make a
determination of malingering. Doing this maintains the overall classdicadite

(77.7%), while increasing specificity to 91.9% (sensitivity of 62.7%; Frederick, 1997).
While the ability of the VIP to differentiate between malingerers andsteesponders is
slightly less effective than some measures like the TOMM (with a repspeecificity of
100% and sensitivity of 82%; Tombaugh, 1996), the advantage of the VIP over either the

TOMM or the WMT lies in its structure and complicated analysis. This makesyi



difficult for participants to either be coached in advance or to successfatlipulate
their performance to appear impaired.

Although forced-choice SVTs are by far the most common malingering msasure
used by clinicians (Larrabee, 2007; Sharland & Gfeller, 2007), numerous critiofsm
these measures have been voiced. Larrabee (2007) points out that given theysimilarit
among test formats, and the fact that often the same ability (memoringsassessed,
forced choice measures are increasingly likely to correlate withather. In addition,
the tendency of these measures to focus on malingered memory impairmenthdimits
application, as they will likely be ineffective for cases where no memoigitdefre
reported. Furthermore, while the majority of test developers report thgeelat
sensitivities and specificities of their various measures, very fewtnepsitive and
negative predictive accuracies. This is probably due to the uncertainty regaeling
precise base rates of malingering in different populations (Rosenfeld, Sands Gbna
2000). While instrument sensitivity quantifies the proportion of malingerers in aesampl
positive predictive accuracy may be a more clinically relevant measgeeisestimates
the proportion that is truly malingering (Rosenfeld et al., 2000). This figure vieowe
useful, remains somewhat unreliable until accurate base rates for mafincgn be
determined.

The relatively limited pool of malingering instruments and their commonrelbty
makes them easy to anticipate and subsequently identify. Information reghaadiag t
tests is readily available to the general public. Bauer and McCaffrey (200&)oinyng
the internet, were able to locate information about the most commonly used tests

including their purpose and format, how malingerers and non-malingerers typezadt



during the test, who should be able to perform well on these tests and, perhaps most
damaging, exact cut-off scores indicative of questionable effort. Attomayslso
provide similar information to their clients. Victor and Abeles (2004) reported fat
of attorneys who were members of the National Academy of Neuropsychology (NAN)
and the Association of Trial Lawyers, spent 25-60 minutes with their £ldstussing
details of the evaluation process, including providing information about spesfscand
suggesting how best to respond. Furthermore, 44% of these attorneys requested to know
exactly which instruments would be administered to their client, and the majbtitem
were provided with this information prior to the assessment.
Behavioral Assessment of Malingered Executive Deficits

To help address some of the concerns about traditional malingering measures,
malingering has also been assessed using atypical response patterfftsrafpee on
standard measures of cognitive functioning (e.qg., intelligence tests)ngdatg
measures have been developed using popular cognitive measures such as pabigit
subtest of the Wechsler intelligence tests (Axelrod, Fichtenberg, Blilli&ertheimer,
2006; Greiffenstein, Baker & Gola, 1994; Iverson and Tulsky, 2003), the California
Verbal Learning Test (CVLT-II; Delis, Kramer, Kaplan, & Ober, 2000lisiPutnam,
Adams, & Ricker, 1995), and the Wisconsin Card Sorting Test (WCST) (Heaton,
Chelune, Talley, Kay & Curtiss, 1993; Bernard, McGrath, & Houston, 1996; Grelg et a
2002; Suhr and Boyer, 1999).

Of particular relevance to the current study are the malingering instrsiment
proposed to detect malingered executive dysfunction. A recent survey atoknic

reported that the most frequently used measure to assess malingered esetiaiise



was the WCST (Sharland & Gfeller, 2007). However, when considering all measure
malingering, these same clinicians rated its accuracy in identifiyailopgering as

relatively poor, ranking it 250f the 29 instruments evaluated. This suggests that despite
the fact that the measure shows poor discrimination ability, its popularigingntikely

due to a lack of more reliable measures.

For the standard administration of the WCST, individuals are presented with four
“target” cards, and each card has a different number of shapes in variosgiceloone
red triangle, two green stars, three yellow crosses, four blue cifekasicipants are then
presented with a succession of test cards (e.g., one green triangle), whibhta to
match with one of the target cards. Therefore, cards can be matched alonghoee of
different dimensions, color, shape, or number of symbols. The participant is not told
about the sorting rule, but after each response, individuals are told whethersihanse
was correct or incorrect, and have to figure out the sorting criterion throabartd
error. Once 10 correct responses are made, the category is consideredecancpiiet
sorting criterion changes. The WCST therefore requires adaptability andl ment
flexibility; cognitive functions that have been reliably associated wathtél lobe
executive functioning.

In general, multivariate analysis of WCST results has been used to identify
malingerers; however, there has been some debate as to which variables peobvest t
sensitivity and specificity. Bernard and colleagues (1996) admirdstieee VCST to a
sample of college students (21 responding honestly and 24 simulating cognitive
impairments), and compared the results to those obtained with neurological pattents w

TBI with no other evidence of neuropathology70), and those with mixed neurological
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deficits not caused by TBh€89). They subsequently developed a series of discriminant
function equations to identify which indices would differentiate between simulated
malingerers and those with genuine impairments in each of these categories. The
results showed that the best variables to use were the number of categopiesecband
the number of perseverative errors. This supported their hypothesis that while a
malingerer may be aware of relatively obvious indicators of brain injury, suble &stal
number of categories completed, they are unlikely to be aware that thbsmgnitive
deficits frequently perseverate or repeated the same types &f eBemard et al. created
a series of discriminant equations that could be used to classify participhotseas
responders, malingerers, or neurological patients, either with or without géweaide
injury (the coefficients for these equations and directions for their usagaecseen in
Table 1). The formulae were found to yield an overall hit rate of 91% (setysii86%,
specificity = 94%) when attempting to distinguish between malingeraishase with
genuine TBI.

Suhr and Boyer also attempted to refine the WCST indicators used to distinguish
between groups, by using logistic regression analyses to compare WCSmpaderin
four groups of participants: simulated malingerersd(), honest responders=@1),
patients with TBI (=16), and a sample of workers compensation litigants with additional
indicators of malingeringne17). Subsequently, Suhr and Boyer developed two
regression equations, the first was used to discriminate between simuditegeners
and honest responders in an experimental setting, and the second was used to identify
suspected malingerers in a clinical setting.

While Bernard and colleagues used categories completed and persever@ative e
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as the critical variables to classify participants, Suhr and Boyer foahth#ése two
indicators were highly correlated and, as a result, proposed “failure mbamaset” as a
different index of “subtle” cognitive impairment. The number of failures tmtaia set
is defined as the number of times participants lose track of the current sarizigler
(i.e., they make several consecutive correct responses, but make an errathbgfare
able to make the 10 correct responses needed to complete the category). Usiag the t
equations outlined in Table 1, Suhr and Boyer accurately classified 77.8% of their
undergraduate sample (controls versus simulated malingerers), with 70.%isens
and 87.1% specificity. The authors reported comparable accuracy within the patie
sample (TBI versus suspected malingerers), with a classificat®onfr87.5%
(sensitivity = 82.4%, specificity = 93.3%). A list of cutoff scores to a@iarying
levels of sensitivity and specificity can be found in Table 2.

More recently, Greve and colleagues (2002) attempted to further refirez earl
efforts to use the WCST as a malingering measure by adding a third fdsiog a
population of TBI patients, participants were classified as either homesgignding or
malingering using the Slick et al. (1999) criteria for Malingered Neagoitive
Dysfunction (MND). These criteria require the presence of externaitiaedor
malingering, and atypical or inconsistent response patterns on either nebopgical
tests, and/or inconsistency in behavior or self-reported symptoms (and not fully
accounted for by other psychiatric, medical, or developmental factors) (8ttk e
1999). Accordingly, participants were classified as controls (did not meeitdreador
MND) (n=17), “probable” malingering (had external incentive with multiple indicatbrs

atypical or inconsistent testing and/or self-report inconsistencie32), “suspect”
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malingering (had external incentive and one indicator of testing or selftrep
inconsistency)r=30), and “incentive-only” (had external incentive with no other
indicators) (=10). This method of utilizing actual clinical samples and speculating about
the presence of malingering is similar to the patient comparison madénbgr&LBoyer
(1999). However, in addition to analyzing the number of categories completed and eithe
the number of perseverative errors (Bernard et al., 1996) or failures to maib{@uolse

and Boyer, 1999), Greve et al. also included the number of “unique responses” as a
variable. A unique response was considered to occur when a participant failedi@amat
test card with its identical target card. Greve et al. compared theeeaaturacy of the
various methods, in conjunction with various combinations of the two equations and the
number of unique responses, in accurately classifying patients as mabngeney also
explored the classification accuracy of their measures using two auefél The first
threshold (cutoff #1) was determined by calculating the cutoff values neegdeatitice a
specificity of at least 90%. In an attempt to improve the measure’s sensitidit

decrease the number of false positives, the authors also calculated the tugsff va
needed (cutoff #2) to improve the sensitivity to above 90%. Multiple comparisons were
made using these different criteria, and the relative sensitivity andispgaif the

different combinations varied significantly (see Table 3 for completets¢sdihe

authors did not attempt to make determinations regarding which combination of
indicators would be best due to the inherent trade-off between sensitivity andcggecifi
(an area of particular concern for forensic application). However, from #seilts it

appears that the most effective measure for identifying the highest nafmbalingerers

was the requirement of an individual to meet criteria (using cutoff #1) for eithgue
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responses OR Suhr and Boyer’s criterion (sensitivity = 66%). However, it should be
noted that in order to achieve this moderate level of sensitivity, thereaviigga number
of false positive errors (specificity = 82%). The same results were alsnezbhy
requiring patients to meet criteria for either unique responses OR Suhr yersBo
equation OR Bernard et al.’s equation, suggesting that the use of the Bernard et al
equation did not add anything beyond what was obtained with the Suhr and Boyer
equation.
Physiological Measures of Malingering

The possible fallibility and limitations of behavioral methods has resulted in the
exploration of physiological markers for detecting the malingeringghitive deficits.
These provide a more objective approach to identifying malingering thabverlags
susceptible to the effects of coaching and overt manipulation, and can be used to
supplement traditional behavioral assessments for cases in which ac@iegminations
of symptom validity are particularly crucial. However, the questionretitiains as to
whether there are reliable neural correlates of neurocognitive functidrangre
unaffected by malingering, or actual physiological markers of derefhtat that can aid
in the detection of malingering. In addition, attempts to identify the neurological
correlates of malingered responses have only focused on a single domainitdfecog
functioning: identifying malingering in cases of feigned memory inmpant (Abe et al.,
2006; Browndyke et al., 2008; Farwell & Donchin, 1991; Lee et al., 2002; Rosenfeld et
al., 1987, 1995, 1998, 1999; Tardiff et al., 2000, 2002).

While previous research has attempted to utilize numerous different imaging

techniques in order to identify malingered impairments (e.g. Abe et al., 2006ndrksv
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et al., 2008; Lee et al., 2002), electroencephalography (EEG) techniques and, more
specifically, event-related potential (ERP) recording, have been used enpsritly
(e.g. Farwell & Donchin, 1991; Rosenfeld et al., 1987, 1995, 1998, 1999; Tardiff et al.,
2000, 2002), and have shown the most potential for future development.
Event-Related Brain Potential (ERP)

ERPs represent the summed post-synaptic electrical activity of fohglam
neurons, measured at the scalp, in response to a stimulus or event (Luck, 2005). Changes
in electrical activity in the brain that are associated with cognitivegsising occur on
the order of milliseconds, while the resultant regional hemodynamic changer much
slower, on the order of seconds (Langleben, 2008). ERPs, therefore, provide a direct
measure of voltage change associated with neural activity, while fMRPET are
indirect measures in which neural function is implied by changes in blood oxyena
levels in different brain areas. This makes ERP recording a more appaopeitiod for
evaluating both information processing and other underlying cognitive precesse
involved in the production of a feigned response, as physiological data is seen in ‘real-
time.” This technique also allows for determinations to be made on a case-lbasisse
by comparing an individual’s profile to that of both a malingerer, as well asswn
with genuine impairments. This feature is particularly crucial for egipility to a
clinical setting (Andreassi, 2000).

While there are competing theories regarding the underlying mechanisiR®of E
generation (e.g., the phase-shift model proposed by Sayers, Beagley, andlHenshal
1974), the predominant theory states that the EEG consists of both the stimulus-related

ERP waveform, as well as random noise generated from other biological and/eognit
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processes unrelated to the task or stimulus. A reliable ERP component remains
consistent in its timing in relation to a stimulus or event across humerous thaés, w
background EEG noise is random with respect to the time-locked event (Luck, 2005). In
order to isolate an ERP waveform, numerous trials are averaged togethekgtbbad
noise is in fact random, when averaged over multiple trials the net effectrafitieewill
be gradually reduced, leaving only the ERP (Luck, 2005). The components in the ERP
waveforms are typically labeled as either positive (P) or negative @¢flan the
direction of the deflection, and by the timing at which the peak occurs (e.g. P300 is a
positive peak occurring approximately 300 milliseconds after the stimuluspmmse).
Physiological | dentification of Malingered Memory Deficits Using ERP

Prior research using ERPs to detect malingering has focused on the idigonific
of feigned memory impairment, frequently using the P300 paradigm. The brain is
particularly adept at the detection of different classes of stimuli ticat oarely in a
series. Therefore, the presence of an infrequent but meaningful stimulus dgainst t
background of frequent but meaningless stimuli results in the generation of alRB00 E
component. Rosenfeld and colleagues (1995) used a P300 paradigm to assess the
veracity of an individual's autobiographical memory. Within this study, P300 amdest
over midline electrodes were analyzed in a sample of undergraduates signahatiesia.
Using an oddball paradigm, autobiographical information (i.e., their own phone number,
birthday, or mother’'s maiden name) was presented infrequently among frequent but
irrelevant similar stimuli (other meaningless phone numbers, dates, or,names
respectively). Group analysis showed that the P300 could be used to detect 77% of

malingerers when the stimuli included the participant’s mother's maa®e nand 92%
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of those simulating memory impairment for their own birthdates or phone numbers. The
authors attribute this discrepancy between stimuli as a reflection in theedife
between the over-learned nature of the birth date and phone number items in comparison
to less frequently retrieved information (mother’'s maiden name). This ss@gest
possible limitation of this procedure. Since P300 amplitude is potentially influegiced b
the relative degrees of familiarity with the “known” information, malinggfor less
well-memorized stimuli might be more difficult to detect (Rosenfeld.efl@b5).

While Rosenfeld et al. (1995) did not collect the single sweep data necessary to
conduct a within-subject analysis; the authors later conducted a follow-upirstordier
to make such a distinction (Ellwanger et al., 1996). In this study they also explered t
possible utility of the procedure to assess malingering memory deficrig\idy
acquired information. Validation of these paradigms with anterograde stimuli is
particularly crucial for clinicians, as the majority of patients in chhpractice report
deficits in their ability to learn and remember new information, but not amioesia
autobiographical details (Lezak et al., 2004). The stimuli included autobiographica
details (birthday), as well as knowledge of the experimenter's name aathad list of
14 words. Participants were given various degrees of instruction reghodutg
malinger, “sophisticated” simulators were provided with specific infdomatgarding
what deficits would be anticipated following a head injury. Comparable to thesrefult
Rosenfeld et al. (1995), identification of malingering was most accurate folodte m
salient items (birthdates; 86% of sophisticated malingerers were idénptiith the
more novel and less automatically remembered stimuli (list-learning, 53% of

sophisticated malingerers) providing the weakest discrimination betwdggyenars and
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honest respondents. However, since the majority of memory deficits involve déBcult
in learning and remembering new information, a 53% hit rate achieved with the list
learning task significantly limits the practical applications of susteasure.
Additionally, this rate is substantially below many of the behavioral meastires
malingering.

Rosenfeld and colleagues (1998) also investigated how simulated malingering
influences P300 using a match-to-sample task in which participants vesen{ad with a
three-digit number. The behavioral hit rate for malingerers was manipuatedulate
the different (and more sophisticated) strategies employed by actiradjenafs. Not
only did the malingering strategies of the different groups have an infloante
overall amplitude of P300, but the unrehearsed nature of this repetition task alsd resulte
in hit rates that were somewhat lower than in previous studies. Accurate odeiotifi
occurred for only 69% of those with the highest rate of malingering (those instroicted t
achieve a 75-80% hit rate). When the proportion of malingered responses decreased
further (85-95% accuracy group), identification rates dropped to only 38%. These
findings suggest that in order to make reliable distinctions, malingereosiyateed to
be relatively familiar with the encoded stimuli, but they must also feign medadicits
on a high proportion of the items.

Increasing concerns have been expressed regarding the application of P300 as a
reliable method for identifying malingered memory deficits. As disaligseviously, the
relative amplitude of P300 and its subsequent reliability appears to be a functien of t
familiarity and accessibility of the information. The relative amplitofitne P300

component is also significantly influenced by the difficulty of the task tr thie
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requirement to allocate resources to multiple tasks such as those requirelingenng
(Kok, 1997). When participants simulating memory impairment were presented with
personal information, the additional requirement to malinger actually dedrie368
amplitude (Johnson, Barnhardt & Zhu, 2003; Johnson, Henkell, Simon & Zhu, 2008;
Miller, Rosenfeld, Soskins & Jhee, 2002; Rosenfeld et al., 1999). This difference is often
attributed to a dual task effect or an increase in workload that becomes neaéssa
being required to both monitor your natural response, as well as produce a faissees
(Miller et al., 2002).
Application of ERP Measures of Malingering to an mTBI Population

While modest gains have been achieved by exploring the use of memory
paradigms to identify malingering within patients reporting brain injuadditional
development is necessary in order to improve the clinical utility of such techniques.
Particularly, given the limitations of prior research, future attemptspioexthe utility
of a physiological measure of malingered cognitive dysfunction maj/todecus on
domains of cognitive function other than memory. While memory dysfunction is the
single most common neurocognitive complaint among those being referred for
neuropsychological assessment (Lezak et al., 2004), it is rarely the onlyn@gnit
symptom reported. Other frequently cited complaints include impairmerttemtien
and concentration, verbal retrieval problems, sensory/perceptual and motor problems, as
well as diminished processing speed (Lezak et al., 2004). In addition, impairments in
attention and processing speed can actually impact an individual’'s perceivenlyme
function, drawing additional attention to these areas of functioning as primary

contributors to overall cognitive dysfunction (Lezak et al., 2004). Therefore, it would be
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beneficial to establish whether ERPs can be used to assess performanyarvalider
domains of cognitive functioning, besides memory. This would not only allow for
evaluation of cases in which memory impairments are not present, but would also provide
additional information for individuals reporting multiple cognitive deficits.
TBI and Executive Dysfunction

The cognitive deficits associated with TBI typically depend on the typew¥inj
The physiological consequences associated with penetrating woundsilgnel eatsfied
through imaging procedures such as magnetic resonance imaging (MRI) a
computerized tomography (CT) (Lezak et al., 2004). However, the majoritylsf TB
occur as a result of closed head injuries in which no penetration has taken plaadedL
al., 2004). Damage to the brain tissue is sustained either through direct impaenhbetwe
the brain and the interior of the skull, or by diffuse stretching and tearingeasltaf the
rapid acceleration-deceleration forces (Kaipio, Alho, Winkler, Escera, Samm&
Naatanen, 1999). Consequently, closed head injuries typically result in fadatorthe
frontal poles, as well as diffuse axonal injury between frontal regions andtipgiorting
networks (Kaipio et al., 1999; Levin, 1990). Subsequently, it is believed that the majority
of TBI cases involve some level of disruption in frontal-subcortical systemBd¢Naid,
Flashman & Saykin, 2002). Specifically, attention and executive functioning have bee
shown to be particularly sensitive to frontal lobe damage of the dorsolatert|, @hd
medial structures of the prefrontal cortex (McDonald et al., 2002; Stablum, Né&gént
Umilta, 1996). Not surprisingly, the second most frequent cognitive complaint in a TBI
population (after memory impairments) are difficulties in executivetiomag such as

deficits in self-direction, self-control, cognitive flexibility, planningpplem solving and
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attention (Lezak et al., 2004). In addition, as discussed earlier, deficitsnitoatiznd
organization may actually contribute to perceived difficulties in learanmgmemory
that are typically associated with cases of TBI (Lezak et al., 2004). Aopbnyisal
measure of malingered executive dysfunction would prove to be a valuable instnument i
assessing those with reported TBI, and for other patients reportingdefiattention
and concentration, organization, or planning.
P3a

The P300 is a potential candidate for assessing the underlying cognitivesesoce
associated with attention and executive functioning. The P300 is the most widiebgl st
ERP component (Luck, 2005) and has been reliably linked to resource allocation,
attention, and memory (Solbakk, Reinvang & Nielsen, 2000). As discussed earlier, P300
is typically elicited through an “oddball” paradigm when stimuli of interespaesented
infrequently such that they are perceived as “novelties” among a seriesrefis¢he
identical items (Courchesne, Hillyard & Galambos, 1975). The P300 is elicited i
detects a change in the stimulus series (e.g. Johnson et al., 1985; Karis et al., 1984). Thi
experimental design also has the advantage of being applicable to tap sefezeatdif
underlying cognitive processes. For example, when stimuli differ onlynrstef their
simple physical characteristics, such as when occasional high-pitchectempesesented
among a series of identical low-pitched tones, the P300 reflects the atéstidt that
occurs when the infrequent (high pitched) stimulus is encountered (e.g. Friedman,
Cycowicz & Gaeta, 2001; Knight, 1984; Solbakk, Reinvang, Svebak, Nielsen & Sundet,
2005). This perspective, based on context-updating theories of attention, states that if a

change is identified between new stimuli and a prior representation stored ingvorki
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memory, the attentional processes involved in the subsequent “updating” of thimschem
produce the resulting P300 (Polich, 2007).

Through these paradigms, P300 has been further delineated into two distinct
subcomponents labeled P3a and P3b (Squires, Squires & Hillyard, 1975). P3a is always
elicited when a change in stimulus is detected (such as novel and unexpected tones),
while P3b requires more conscious task relevant processing such as respmading
specific ‘target’ tone (Polich, 2007). Therefore, both P3a and P3b can be observed in
response to unforeseen changes in stimuli; however, the P3a component is not dependent
on an overt response (Fjell, Walhovd, Fischl & Reinvang, 2007; Luck, 2005). Within the
context-updating theory of attention discussed earlier, P3a is therefore thétieve
represent the initial processing and subsequent updating in response to novel stimuli
(Kok, 2001; Polich, 2007). Specifically, P3a is believed to reflect the executive orienting
response to a novel stimulus, an involuntary shift in attention that is believed to be an
innate survival mechanism (Friedman et al., 2001; Knight, 1984). By alerting an
individual to a change in the environment, they are subsequently able to make a
conscious evaluation of whether behavioral action needs to be taken as a resylt (Lu
1976).

Within a traditional two-stimulus oddball paradigm, where participants are asked
to respond in some way to the infrequently presented target stimuli, discriminat
between the P3a and P3b components is often difficult since P3b often overlaps P3a at
most scalp positions (Solbakk et al., 2000). Consequently, although the P300 elicited by
the response to a target is often measured as a single component, it is aothyaby li

contain an overlap of both the P3a and P3b waveforms (Luck, 2005). However, when
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perceptually novel distracters to which no response is required are introdudediona
to the target and background stimuli, a "pure" P3a component is reliably elicited over
frontal/central scalp locations (Polich, 2007). The ERP components elicited by this
design can be seen in Figure 1. The distracters elicit a P3a component, while the P3b is
only observed in response to recognized task-relevant target items to whiblakee
responded. The amplitude of the P3a component is greatest over fronto-central regions
with a relatively short latency (250-300 ms from stimulus onset), while P3b is otbserve
at a later time (280-1000 ms from stimulus onset), primarily over pariets af the
scalp (Harris, 1998; Luck, 2005).

Previous research varies regarding the precise location of neuraltgenéra
P3a, which is likely due to the small sample sizes and disparate localieatimigues
(e.q., intracranial research, lesion studies, functional imaging technibaeg)ere
employed in these studies. However, the frontal/central localization of P&atyes
has been supported by numerous studies employing an auditory oddball design (e.qg.,
Berti, Roeber, & Schriéger, 2004; Friedman & Simpson, 1994; Knight, 1984; Schroger,
Giard, & Wolff, 2000). Furthermore, patients with frontal lobe lesions either produce a
diminished P3a, or no P3a at all, in response to novel distracters (Knight, 1984; Knight,
Grabowecky, & Scabini, 1995). More recently, Linden (2005) used converging evidence
from multiple studies that used various intracranial recording and imaging
methodologies, to try and localize the neural generators of P3a. His anadysasad
that the P3a, which has maximum amplitude over frontal/central scalp sitgshake
multiple generators including the lateral prefrontal cortex, inferior {@rie

lobe/temporoparietal junction, and medial temporal lobe structures, as wedl as t
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possible involvement of the inferior frontal gyrus/insula and the anterior ctegidaex.
The combined activation in these areas is believed to represent the executgsgsoc
involved in the involuntary orientation of attention to salient changes in stimuli
(Courchesne et al., 1975) and the assessment of those stimuli for any necessary
behavioral response (Friedman et al., 2001). While there is some overlap in neural
generators for P3a and P3b, P3b has been more specifically localized to therposter
cingulate/superior parietal lobe, inferior parietal lobe/temporoparietaigunanferior
frontal gyrus/insula and the anterior cingulate (Linden, 2005).

Activation in the inferior parietal and temporal-parietal regions arghgwan
auditory oddball design is likely to reflect the sensory processing of the imgatmuli
associated with activation of the auditory association cortex, and is presertlasgaf
the auditory stimulus type (Friedman et al., 2001; Katayama & Polich, 1998; Knight
Scabini, Woods, & Clayworth, 1989; Opitz, Mechlinger, Friederici, & von Cramon,
1999; Polich, 2007). However, when an individual’s attention is sufficiently engaged in a
primary task (requiring the task to be somewhat difficult), and the distreaters
distinct enough to capture attention, then the subsequent orienting response will cause
P3a activation with maximal scalp distribution over frontal/central scalpngg
representing the executive attentional shift that has taken place (Bnedral., 2001;
Polich, 2007). This shift of P3a from more parietal to frontal/central scalpdosas
therefore dependent on stimulus context (Katayama & Polich, 1998). In a thrakistim
auditory oddball task conducted by Katayama and Polich (1998), P3a localization was
influenced by varying the degree of difficulty (and subsequent focal attentgjoine@) to

complete a task. The relative difficulty was manipulated by utilizing tonearafus
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pitches. Varying the pitch difference between the target and standarateatsl both
‘easy’ and ‘difficult’ conditions. When the target and standard tones weyaligerepant
(50% pitch deviation between standard and target tones), the task was redatsyeind
Katayama and Polich hypothesized that relatively little focal attentas being engaged

in the primary task. Under these conditions, it appeared that comparatiely lit
orienting to the distracter tones took place, resulting in a larger P3a over metal par
scalp sites. However, when task difficulty was increased by requirrtigipants to
differentiate between target and standard tones that are more simitahiopily 3%
difference between standards and targets), the amount of cognitive load (and subseque
hypothesized attention) required to complete the primary task increased. When
participants were presented with a highly distinct distracter under tbed#ians, there
was sufficient disruption in the primary task to elicit a significant shifttiention. The
subsequent orienting response resulted in increased P3a amplitude with a shiét to mor
frontal locations over frontal/central electrode sites. The finding tHatlEaeands must

be sufficient to engage the individual and necessitate an attentional shift whemiazhf
with distracter items supports the application of frontal/central P3a aasuraeof
executive functioning.

While P300 has been reliably observed in response to a perceived change in
stimuli (Polich, 2007), the relative amplitude and latency of the P300 component has
been demonstrated to be influenced by a number of additional factors. P300 latency is
believed to correlate with the processing speed and the individual's subsequéitrdetec
and classification of the stimuli (Magliero, Bashore, Coles, & Donchin, 1984HRoli

2007). In addition, as discrimination between the standard and the target becomes more
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difficult, the latency of both P3a and P3b components increases (Wronka, Kaiser, &
Coenen, 2008). P300 amplitude, however, is inversely related to the relative probability
of an item occurring, with the amplitude increasing as the probability oém@n i

occurring decreases (Luck, 2005). As the distinctiveness of the distratt@néteases,

so does the degree of subsequent attentional disruption that occurs as a redoia(ri

et al., 2001, Polich, 2007). Consequently, the amplitude of P3a increases with distracter
distinctiveness. While the threshold for this attentional disruption to occur appéars t
somewhat low (with some studies demonstrating the effect with distréateldsd

differences of only 3%; Berti et al., 2004), the relative amplitude of P3a contmues
increase as these distracter items become increasingly distinch(R607). Berti and
colleagues (2004) required participants to distinguish between tones with short J200 ms
and long (400 ms) durations. For the majority of trials (84%), participants were
presented with a standard frequency tone; however, occasionally tones wittaat'de
frequency were presented (ranging from a 1 to 10% difference from the staordgrd t

A consistent trend was observed over frontal/central electrode sites, witmplBade
steadily increasing as deviant tones became more distinct. These fisggugst that

the P3a component is not a dichotomous event, but rather exists along a continuum, thus
emphasizing the appropriate selection of stimuli in order to maximize the gmmegadf

the effect. A similar finding was also demonstrated by Yago, Corral, &&%2001), in

a study where participants attempted to discriminate between a vig@laad standard
shapes, while being presented with infrequently occurring task-irrelevdithrgittones

of various frequencies. P3a amplitude again increased over frontal scalg ites a

distinctiveness of the distracter items increased. Distracter itartiss study ranged
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from a frequency difference of 5% to 80%, without any indication that the effetieca

a ‘plateau’ before reaching the 80% deviation. This again supports the notion that whe
using tonal stimuli, increasing the distinctiveness of the deviant items wadupe a

more robust frontal/central P3a.

A model of the mechanisms underlying P3a generation has been proposed by
Polich (2003). As discussed, when an individual is engaged in a task and distracted by a
task-irrelevant deviant stimuli, the attentional focus required to redirectatbention
and evaluate the relevance of this new stimuli activates frontal lobe regitrshyain
(Katayama & Polich, 1998; Polich, 2003; Posner, 1992). This finding is further
corroborated by ERP and neuroimaging research demonstrating frontal lobe irertlvem
in the detection of rare or alerting stimuli (e.g. McCarthy, Luby, Gbi@pldman-

Rakic, 1997). The subsequent frontal lobe activation generates the P3a when the
incoming distracter stimulus replaces the prior representation for thastandhe
target currently being held in working memory (Desimone, Miller, Chelazzi, &
Lueschow, 1995; Polich, 2003). Consequently, when a frontal/central P3a component is
present, it likely reflects the presence of executive and attentionakpnoge However,
in order for a task to result in the generation of a P3a component that refledisagigni
frontal lobe executive involvement, its demands must require the involvement of
sufficient attentional focus on the primary task (Polich, 2003, 2007). Within a three-
stimulus oddball design, this requires that the target and standard tone stimuli are
perceptually similar to each other, making the differentiation betweentthiestimuli
difficult enough to demand the required attentional shift when a distractesenjed.

In addition, the distracter stimulus must also be comparatively distinct frostatheard.
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As the distinctiveness of this tone increases (as well as the degree of snbseque
“Interruption” that occurs as a result), the relative amplitude of P3a alsasey
(Polich, 2003).
P3a and Executive Functioning

As a result of its localization to frontal and prefrontal regions of the brain, and its
strong associations with innate attentional shifts, the P3a component has bemhasiliz
a measure of executive function in a variety of clinical populations. Barcelo (20@3) use
the P3a component as a neural correlate of attention switching to asseb&xeeuive
function during a modified version of the Wisconsin Card Sorting Task (WCST; Heaton
et al., 1993). When healthy participants shifted to using a new sorting principgi@ea hi
amplitude P3a response was elicited. This shift was hypothesized to regresent t
executive functioning associated with the requirement to “think differentig’ta
flexibly adopt a new solution. Friedman and colleagues (2008) also utilized P3a to
examine executive function in elderly adults by exploring the reallocatiateotian in
a task-switching paradigm. Participants were presented with singl@dingbers and
were asked to make one of two judgments, whether the number was less thateor gre
than five, or whether it was an odd or even digit. Participants completed one of these tw
tasks until they were prompted to switch to the alternative. In comparison tgeyoun
individuals (mean age = 23.1 years), older participants (mean age = 71.0 years)
demonstrated a significant decrease in P3a amplitude over midline fronteddds for
switch trials. The authors concluded that as we age, there is a decline in higher-ord

executive processing, as evidenced by a decrease in P3a amplitude on theialsitch t
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Fjell and colleagues (2007) recorded P3a over frontal electrodes in response to a
three-stimulus visual oddball task. Two differently sized blue ellipsesdsasvthe
standard and target stimuli; distracter items were infrequently prddgoesquares.
Fjell et al. (2007) demonstrated correlatiors 35, P<0.05 ) between P3a amplitude in
response to the distracter stimuli, and the outcomes on several traditional
neuropsychological measures of executive functioning including the Stroop Coldr-Wor
Interference Test, the Digit Span Backwards test, the Trail Makisg flegonemic
fluency, and Corsi Block Tapping Test. The authors concluded that as executive
functioning decreased, so did the associated P3a amplitude. A similar relatioaship w
also demonstrated by Fabiani and colleagues (1998), who showed that P3a amplitude is
correlated with performance on the Wisconsin Card Sorting Task (Heaton et al., 1993), a
measure of frontal lobe functioning that is often considered to be the “prensieof te
executive functioning (Malloy et al., 2006). The authors reported that as welgeaot
executive functioning decreases (as assessed by the WCST), so to dogdithdeaai
P3a (Fabiani et al., 1998). While these studies support the notion of P3a as an indicator
of overall executive functioning, they also demonstrate a strong correlatioedneP 3a
amplitude and traditional behavioral measures of executive functioning.

The correlation between a diminished P3a and declining executive function has
also been associated across many different conditions including: amyotedphat |
sclerosis (ALS) (Hanagasi et al., 2002), oppositional-defiant disorder (ODRin(Ba
Rellum, Laucht & Schmidt, 2006), and bipolar Il disorder (Andersson, Barder, Hellvin,
Lavdahl & Malt, 2008). Hanagasi and colleagues (2002) used a three-stimulus auditory

oddball design, to elicit the P3a in response to “environmental sounds” distractei. stim
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The amplitude of the P3a was also determined to be correlated with numerous
neuropsychological measures of executive functioning, and it was determingtetha
decreased executive functioning associated with ALS resulted in both ddcrease
amplitude, and increased latency of the P3a component.

In a cued Continuous Performance Test (CPT-AX) similar to a visual oddball
paradigm, Baving et al. (2006) presented participants with letter cues (Enede#s the
standard condition. When the cue was followed by the letter X, participants were to
make a behavioral response as quickly as possible (target). For some ofghe trial
however, participants were presented with an alternate cue as a digthactetter H).

P3a for distracter items was determined to be of lesser amplitude in chiltmedDD.
This finding was correlated with impairments in both the orienting response,laswel
executive target processing (Baving et al., 2006).
P3a and Traumatic Brain Injury

Numerous studies have also attempted to explore the relationship between P3a
and mTBI (e.qg. Elting, et al., 2008; Gaetz, Goodman, & Weinberg, 2000; Kaipio, et al.,
1999; Knight, 1984; Potter & Barrett, 1999; Potter, Bassett, Jory, & Barrett, 2001;
Reinvang, Nordby, & Nielsen, 2000; Rugg, et al., 1993; Segalowitz, Bernstein, &
Lawson, 2001; Sivak, et al., 2008; Solbakk, et al., 2000). These are summarized in Table
4. However, the results of these studies are often difficult to interpretyaaréhplagued
by methodological problems that have resulted in inconsistent findings. Firetg, th
studies are hindered by difficulties in recruiting a clinical population, asehrehers
have often been forced to utilize extremely small sample gizd9 (n some cases;

Segalowitz et al., 2001). These small sample sizes are particularly patiblernen
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coupled with imprecise inclusion criteria for defining the sample. Considdadilele

has been applied when defining the populations for these studies. Some studies made
determinations based on medical records using established criteria $hiobeas

developed by the Mild Traumatic Brain Injury Committee of the Head Injury
Interdisciplinary Special Interest Group of the American Congress of Rieditadn

Medicine (1993; Solbakk et al., 2000). Others relied solely on patient report and used
inclusion criteria for mTBI such as “any blow to the head forcing one to stopwehate

one was doing” (Segalowitz et al., 2001), which leaves considerable uncertamty as
precisely who is being included in these studies.

Consequently, among the current literature examining P3a in TBI patients, there
is no consensus in the definition of TBI or mild TBI, and these studies include
participants with a variety of injuries and defining characteristics asithe
presence/duration of loss of consciousness and post-traumatic amnesia. &hezejor
heterogeneous groups have been studied in very small numbers. In addition, most of
these studies did not report the existence of cognitive impairment or what types of
cognitive sequelae resulted from the injuries. In fact, not a single itpdsted that
cognitive impairments were present in the majority of their sample. drafe=study
disclosed that 87.5% of their sample reported no impairments in attention at ait éPott
al., 2001). This makes it very difficult to determine whether decreased P3tudmpl
would even be expected within these samples, regardless of their reporteqjymies.i
The various studies also examined their participants at various post-injergenods.
Some included patients as long as five years following the self-reportafci head

injury or post-concussive syndrome (Gaetz et al., 2000; Potter et al., 2001). For cases of
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mild TBI or post-concussive syndrome, the majority of cognitive rehabilitation
improvement occurs within the first two years following an injury, with matyrning

to their baseline level of functioning (Lezak et al., 2004). Again, this makes it very
difficult to interpret what physiological correlates would be expectduimihese
samples. These studies did not make any attempt to quantify the presence of an
accommodation that may have taken place since the time of the injury and, coupled with
the questionable presence of cognitive impairments to begin with, it becomed tchidfi
form reliable hypotheses about these samples. In addition, despite the known (or
believed) prevalence of malingering within a TBI population (as discusdes)eaot a
single one of these studies made any attempt to assess symptom validityrbgtadng
behavioral measures of malingering. In fact, none of the studies even acknaowtlezige
possibility of participants within their sample exaggerating either ths=poe or the
effects of an injury.

With these concerns in mind, while some variability in results is expected due to
methodological concerns, the study results suggest definite trends in ERP tata tha
consistent with previous literature. The majority of mTBI studies show thahfsat
demonstrate decreased P3a amplitude relative to healthy controls €Ekilng2008;

Knight, 1984; Potter & Barrett, 1999; Reinvang et al., 2000; Segalowitz et al., 2001,
Solbakk et al., 2000). However, a few have reported disparate results. Two studies
report comparable P3a amplitude between mTBI and control groups, citing the
distinguishing characteristic between these two groups as an increaseg tatthe P3a
within the mTBI population (Gaetz et al., 2000; Rugg et al., 1993). This latency increase

was attributed to their diminished speed in orienting attention to novel stimuli (Rugg et
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al., 1993). Two studies have reported no difference at all between mTBI patients and
healthy controls in either P3a amplitude or latency (Potter et al., 200k; Siah, 2008).

A single study has even reported that patients with mTBI demonstrated @it R2e
amplitude (Kaipio et al., 1999). The authors of this study attributed this finding to the
possible enhanced processing that was necessary for the more distracting sounds
suggesting a difficulty in suppressing irrelevant stimuli. In addition, cktlseudies
reporting counterintuitive findings, only a single study (Potter et al., 200lihestened

any neuropsychological measures to their sample in order to assess whétlis in
attention and executive functioning were actually present. Within this stugythoeé

of 24 participants reported deficits in attention, and test results comparing their
experimental and control groups produced mixed findings regarding whether or not any
attentional differences between these two groups were present. These i@stleesults
may have been the reason that no differences between the two groups in P3a amplitude or
latency were noted within this study.

As discussed, while still plagued with many of the same methodological flaws
outlined above, the majority of research has reported that those with mTBI deteonstra
significantly diminished P3a amplitude (e.g. Elting et al., 2008; Knight, 1984y Rotte
Barrett, 1999; Reinvang et al., 2000; Segalowitz et al., 2001; Solbakk et al., 2000). As
deficits in attention and executive functioning are well documented within a TBI
population (Lezak et al., 2004), these findings are consistent with the prioul¢erat
associating these abilities with P3a magnitude (e.g. Andersson et al., 20&8pBar
2003; Baving et al., 2006; Friedman et al., 2008; Hanagasia et al., 2002). In contrast to

the studies described above, significantly more of these studies made atteemnsure
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neuropsychological deficits were present by administering standard bethaveasures
of attention to their participants, further validating their findings (Eléngl., 2008;
Potter & Barrett, 1999; Reinvang et al., 2000; Segalowitz et al., 2001). Given these
results, it appears reasonable to conclude that for those with deficits utiexend
attentional processing, whether by TBI or any other cause, decreased P 3adansli
likely to be seen as a result.

All of the studies producing a decreased P3a over frontal/central scalp sites
employed very similar oddball designs. They all presented auditory Stuaitini
standard, target, and distracter tones. The target tone deviation from the standard tone
(which determines the relative difficulty of the primary task) ranged from @&%ght,
1984; Potter & Barrett, 1999) to 50% (Solbakk et al., 2000). Distracter stimuli were
either tones with a highly deviant pitch (Segalowitz et al., 2001; Solbakk et al., 2000), or
environmental sounds/simulated dog barks (Knight, 1984; Potter & Barrett, 1999). These
results demonstrate the sensitivity of the three-stimulus auditory oddhgh fies
assessing executive and attentional shift within an mTBI population.
Rationale and Hypotheses for the Current Study

Previous research has utilized P3a as a measure of executive dysfungtion (e
Andersson et al., 2008; Barcelo, 2003; Baving et al., 2006; Friedman et al., 2008;
Hanagasia et al., 2002), as well as associating it with the relativenmepés in
executive and attentional processes among those with mTBI (e.g. Knight, bé@4 8P
Barrett, 1999; Reinvang et al., 2000; Segalowitz et al., 2001; Solbakk et al., 2000). As
the orienting response (and subsequent P3a) is believed to represent the executive

functioning involved in the automatic and involuntary response to novel stimuli
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(Courchesne et al., 1975; Daffner et al., 2000), the current study attempts to thelore
applicability of this component as an implicit measure of symptom validity for

complaints of inattention and executive dysfunction. It is hypothesized that fotlibse
intact cognitive functioning who are attempting to malinger cognitiieitie their
physiological response to distracter items will be comparable to thqgeend#sg

honestly, despite their attempts to appear impaired. This procedure would bdanseful
any population for which diminished executive function is observed as a consequence of
disease or injury, including those with mTBI. The current study will determinether

the simulation of impairments in attention and concentration by healthy individuals

influences P3a amplitude.
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CHAPTER 22 METHODS

Participants

A priori power analyses using GPOWER 3 softwanev.psycho.uni-
duesseldorf.de/abteilungen/aap/gpowsvgye performed to estimate the required sample
size. Sample sizes were calculated using powgj 61-80% ang=0.05, and were
explored using a medium effect siZe=(0.5), which is typically found in between-group
ERP studies. Due to the proposed hypotheses, a modest correlation was assumed (
0.5). Using these parameters, a total sample size of 26 (13 per group) is required in order
to detect a reliable difference in the ERPs between the two gre\fpsZ4) = 4.26,
actual power = 80.6%)The participants for the current study consisted of 45 adults and
all provided informed consent. Participants were recruited through public adwestit
(i.e., Craigslist) as well as from the John Jay College Research ExqeeReogram
(REP). All received $40 or course credit for their participation in the study.
participants denied any history of psychiatric or neurological illnessuyjrgnd met all
of the inclusion criteria for the study based on their performance on behaviosairesea
of premorbid intellectual and executive functioning (specific measurageiebelow).
However, data recording difficulties resulted in the exclusion of 9 participants
Consequently, data from 36 adults (13 males) between 20 and 36 years of age were
included for analysis (M = 24.9 years, SD = 4.7). After screening, partisipané
randomly assigned to either the control condition (M = 24.2 years, SD 5 4.143; 8
males), or the experimental (malingering) group (M = 25.6 years, SD r5.18; 5

males).
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Screening Measur es

A number of screening measures were administered to ensure adequate premorbid
functioning. The first of these was the Wechsler Test of Adult Reading (WTAR
Psychological Corporation, 2001), a measure designed to estimate an individualls overal
level of intellectual functioning (Strauss, Sherman & Spreen, 2006). The WTARagqui
participants to read a series of irregularly spelled words (e.g. candh¥ an established
measure for estimating premorbid intelligence (Strauss et al., 2006ke Wmdiny
aspects of intellectual functioning, reading recognition is relativalylestn the presence
of cognitive decline associated with normal aging or brain injury (Strawas 2006).
As deficits in attention and executive functioning have been correlated witigariek
and mental retardation (e.g. Bergen & Mosley, 1994), all participants wereecktji
have a full-scale score of 80 or higher.

Additionally, in order to screen for pre-existing deficits in executive fanuig,
all participants were asked perform to the best of their ability on a measwedafl
fluency (FAS) (Strauss et al., 2006) and the Stroop Color-Word Interfereate Te
(Golden, 1978). Verbal Fluency is an established measure of executive funcéinding
has been demonstrated to be particularly sensitive to the frontal lobe debiciadiyy
observed in cases of TBI (Strauss et al., 2006). Participants were told tatgerser
many words as possible beginning with a given letter (F, A, or S), withime aninute
time period. Participants were scored on the total number of words generatsdalicros
three conditions.

The Stroop Color-Word test has been demonstrated to be a reliable measure of

response inhibition, attention, and distractibility (Lezak et al., 2004). The Strddpaizhs
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three trials. In the first, participants had to read a list of color namesddeblue, or
green) as quickly as possible. In the second trial, participants were pdeséhta

series of “XXX” each printed in a different color (either red, blue, or gramh}lze
participant had to name the color of the ink that the X’s are printed in. In the third and
most difficult trial, participants were presented with a list of color ngaes trial 1),

but each was printed in a different color ink (as in trial 2) and participanéstasked to
name the color of the ink that the words were printed in as quickly as possibken@gno
the word). In general, it is difficult to inhibit the tendency to say the word rdtherthe

ink color. The critical measure used for screening was the time that it tooknplete

trial 3, the color-word interference trial.

For both the FAS and Stroop tests, the scores described above were compared to
demographically adjusted norms (FAS: Heaton, Miller, Taylor, and Grant, 2004, Stroop:
Stoelting Co.). Scores below th® gercentile are suggestive of borderline impairment in
executive functioning; therefore, a cut-off score above thee®centile (based on the
respective norms) oat least oneof these measures was required for participation in the
study.

Procedure

All participants successfully met all screening criteria and wdrsexjuently
enrolled into the study. Eligible participants were randomly assigned to one of tw
conditions, either the control group £ 18, honest responders), or the experimental
group 0 = 18, malingerers). The two groups showed no significant differences in age;
t(34) = .877p = .387, educatiort(34) = 1.364p = .182, gendett34) = 1.027p = .312,

IQ; t(34) = 1.090p = .283, or executive function (Fluend{84) = .409p = .685;
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Stroop;t(34) = .119p = .906). Participant demographics (see Table 5) demonstrated
average range 1Q and executive functioning. The control group was instructed éo answ
honestly and complete all further tasks (WCST and ERP) to the best of thaesbilit
whereas the experimental group completed the experimental tasks (both WCSRPnd E
while simulating cognitive impairments. Malingerers were provided withnisteuiction
“pretend that you experienced an accident at work when you fell from a |anli#@nrgs

your head on the floor. While you did not experience any cognitive impairment
following the event, you have chosen to pursue civil litigation and sue your emjployer
order to obtain compensation.” In order to do so, “you have subsequently been referred
for an evaluation in order to determine the extent of your impairments, and yowhave t
fake poor performance during this evaluation in order to continue with your dase.”
addition, participants were provided with the following information about the tyfpes
cognitive deficits associated with mTBI. “People who have traumatic imjaimes

typically have problems with memory, problem solving, processing speed, and
maintaining their attention. For example, tigyically have trouble remembering new
information, are easily distracted, and it often takes them longer to do thingsdihn it
before their injuries.” Malingerers were instructed to manipulate theurssat® the best

of their abilities so as to appear impaired. In order to simulate moreicealist
circumstances associated with malingering they were also providednatidéional
incentive. Participants were instructed that their test results would bdedclvith those
from a sample of patients with legitimate mTBI. “A reviewer, who is unawofre

whether your data comes from a patient with legitimate mTBI, or from someone

attempting to fake an injury, will attempt to identify whether you have kaend your
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symptoms.” Participants were instructed that those who are able to sucgéegsiiill
the reviewer into thinking their profile was produced by a patient with mT&uhjdvbe
entered into a lottery at the completion of the study for an additional $100. ity, real
comparison was made and all experimental participants were entered idtavirgg.

Each participant completed the behavioral task (WCST) before participating in
the EEG portion of the study. All tasks and measures were identical across both groups
and took approximately two hours to complete.

Wisconsin Card Sorting Task (WCST)

The WCST (Heaton et al., 1981) is a standard behavioral measure of executive
function in a neuropsychological evaluation. The measure was administered ynanuall
using 128 cards. Participants were required to place test cards onto tatget ca
according to one of three different sorting criteria (shape, color, numberjngdeed by
the examiner (myself), who gave feedback after each response. Therefooetjrige s
criterion was learned through trial and error. After 10 correct responsasytimg
criterion changed without the participant knowing. Individuals had to integrate the
feedback and determine the sorting criteria to the best of their abiliteesm&asure was
administered to both malingerers and honest responders to assess execuiknrerfgnct
under these response conditions (i.e., malingerers simulated deficits oraisisre), and
was administered primarily as a manipulation check to ensure that malsngerer
demonstrating relatively impaired performance. The data were scored ametinging
a computerized scoring program designed for the WCST (PsychologicakAsss
Resources, Inc.). The indices used for the current study to assess theotleggedtive

“impairment” were the number of categories completed (i.e., the number af time
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participants correctly identified the sorting rule and made 10 correct ciiveesorts),
and the number of perseverative errors (i.e., the number of times that thegdepeat
same type of error on consecutive trials).

In addition, in order to assess how traditional measures of effort comparéavith t
proposed physiological measure, participants in the current study werenegaming
the WCST malingering criteria proposed by Bernard et al. (1996). This meassir@ us
series of discriminant analysis equations utilizing the number of cagegmmpleted on
the WCST and/or the number of perseverative errors. Details of these equa&tions ar
provided in Table 6. Comparisons were made to examine the utility of these equmtions i
discriminating between the malingering and the honest responding participres i
current study, and differentiating malingering participants in the current 8tud the
TBI patients reported on by Bernard and colleagues.
ERP Stimuli

The experimental paradigm consisted of an auditory three-stimulus oddball task
similar to that utilized by Katayama and Polich (1998), in which infrequentiyrong
target tones and distracter stimuli were presented among a background oflidentica
standard tones. All stimuli were presented using E-prime 2.0 (Psychology &oftwa
Tools, Inc.). Target stimuli were 1900 Hz tonesH6, p=.14) presented within a series
of 2000 Hz standard tones=296,p=.73). A simulated dog bark was used as the
distracter stimuliff=56, p=.14) in a similar design to that employed by Knight (1984).
All stimuli for the ERP study were presented using headphones (SennheiseHBodel
25-1 1) in order to insure a consistent decibel level (77dB), as well as to mgnimi

possible distractions. Stimuli (408 total) were presented over eight blocks, @altsbr
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between blocks as needed. All stimuli were pseudo-randomly presented for a duration of
100 ms each, with a 1.5 second inter-stimulus interval.
ERP Task

During the ERP task, participants were instructed to respond as quickly as
possible to the infrequent (lower pitched) target tones by pressing a dedigntibn on
the computer mouse. No response was required for either standard or distraster tone
To ensure that a participant’s attention was actively engaged, the stieneldesigned
such that the difference between the target and the standard was retaia#|(5%
deviation). The ability to make a discrimination at this level has been demeddtrdtte
achievable, even within a TBI population provided the auditory system has not been
compromised as a result of injury (Jay, 2000). In line with this, previous research ha
demonstrated that patients with a history of mild to moderate head injuries do not miss
substantially more target items than those in the control groups (Elting, et al., 2008;
Knight, 1984; Potter & Barrett, 1999; Potter et al., 2001; Rugg, et al., 1993; Segabwit
al., 2001; Solbakk et al., 2000). Therefore, those malingering executive impairment,
were provided with the additional information that even patients with TBI ardable
distinguish between the stimuli and are able to complete the task with a high degree o
accuracy.
Recording Procedures

While participants were performing the oddball task, tk&6 was recorded
using a Neuroscan Synamps RT system and Neuroscan acquisition softwawa (vers
4.4), with a 64-channel electrode Quikcap with silver-silver chloride sintézeticeles

(Neuroscan, Inc.). Electrodes within the cap are positioned according toethmatitnal
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10-20 system (Jasper, 1958), and were referenced to a midline central electfdde. EE
data was continuously sampled at a digitization rate of 1000 Hz, and electrode impedance
was kept below 5®. All analyses were performed offline using Neuroscan 4.4 Edit
software.
Data Analysis

Data were re-referenced to averaged mastoids. Individual trials weedlylig
filtered with a band pass of 1 to 30 Hz. Sweeps consisted of 1201 data points, which
were sampled from 200 ms preceding the stimulus to 1000 ms after the onset. Baseline
correction was performed using the averaged EEG in the 200 ms prior to the stimulus
onset. Automatic artifact rejection was used to exclude any sweeps wheEGhe E
exceeded plus or minus p¥. Individual averaged files were created for each stimulus
type. In addition, in order to better isolate the P3 waveform by removing aapesus
ERP components, two difference waves were created for each participabtiagisng
the response from the standard tones from both the target and distracter toneggti.e. ta
minus standard and distracter minus standard (Luck, 2005). Separate grand average
waves were compiled for each subtraction wave (target and distracteacfogroup
(malingerers and controls). Visual inspection of these waves, helped tdyitdeati
location and timing of the P3 wave. For the distracter stimuli, the P3 was iele ausfi
the most positive peak following the stimulus in the 250-450 ms window. Similarly, for
the target stimuli, the P3 was identified as the most positive peak aftalustim
presentation in the 250-550 ms range. To investigate how stimulus type and participant
response characteristics affected the timing of the P3 over anterior aedgpastalp

sites, the latency of the P3 component was measured both at frontal (Fz) ant(Pajieta



43

midline electrode sites, for both stimulus types, for all participants. tegadak

amplitudes for P3 were measured over frontal/central electrode& 1. &2, Fz, FC1,

FC2, FCz, C1, C2, Cz, CP1, CP2, CPz, P1, P2, Pz), to both distracter and the target, for
all participants.

Two separate repeated measures ANOVAs were performed on the ampidude a
latency of the P3, respectively. The comparison of amplitude used within-subjects
factors of Stimulus (target, distracter) and Electrode (F1, F2, Fz,IRC2, FCz, C1, C2,
Cz, CP1, CP2, CPz, P1, P2, Pz), with Group (malingerers, honest responders) as the
between-subjects factor. Similarly, latency data were entered into @vANvith
within-subjects factors of Stimulus (target, distracter) and Ant@asterior location (Fz,
Pz), and Group (malingerers, honest responders) as the between-subjects factor.

Greenhouse-Geisser corrections were used where required.
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CHAPTER 3: RESULTS
P300 Amplitude

The grand averaged waveforms for both malingerers and honest responders for
both stimulus conditions and across all 15 electrodes can be seen in Figure 2. P3
amplitude was significantly larger for the distracter stimuli (M = 9.55731.25)
compared to target stimuli (M = 1.74. SD = 1.84(1,34) = 100.21,p<.001,r|p2 =.747.
There was also a significant interaction between Stimulus type (tdigfeacter) and
Electrode locationf-(3.1,4.6) = 8.00,p<.001,np2 =.190. Visual inspection of the grand
averaged waveform revealed that the P3 elicited by distracter itemarago be
maximal over more anterior electrode sites, while the P3 to target W greatest over
more posterior regions. A post-hoc ANOVA using within-subjects factors otisism
type (target, distracter) and Anterior/Posterior electrode locatiom@Pz) and a
between-subjects factor of Group (malingering, honest responding) wasypet ftur
verify this finding. There was a significant interaction between Stimupesand
Anterior/Posterior locatiorf:(1,34) = 13.78,p:.001,np2 =.288. Additional ANOVAs
examined the anterior/posterior distribution for each stimulus type sdpanéthile
there was a non-significant trend for greater P3 amplitudes elicitdz lwydtracter over
anterior (M = 9.46, SD = 3.56) versus posterior (M = 8.52, SD = 3.23) B(te85) =
3.06, p:.089,r|p2 =.083, the P3 to the targets was significantly greater in amplitude over
posterior (M = 2.63, SD = 2.09) versus anterior (M = .99, SD = 1.66) electrode sites;

F(1,35) = 10.71,p<.005,1,° = .240.

When group membership (i.e., malingerers versus honest responders) was

included in the analysis, relatively few differences were observed begna@ps. There
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was no main effect of Group on P3 amplitude and no interactions with Group with
Stimulus or Electrode (all at thpee. 1 level). Similarly, the post hoc ANOVA used to
investigate the Stimulus by Electrode interaction described above reveategin effect
of Group, nor a Group by Stimulus interactipe.(l). However, there were some
differences observed in the topographical distribution of the effects between (geeps
Figure 3). This was evidenced by a non-significant trend towards a Stinyulus b
Anterior/Posterior location by Group interactidéi{l,34) = 3.50,p:.070,np2 =.093.
Figure 3 shows that for malingerers there was little difference itogographical
distribution of the P3 for targets and distracters. In contrast, for the honest responder
the P3 was more anteriorly distributed for the distracters but was maxintediqdg for
targets. These results were confirmed using additional posthoc analys@$OaAA
using Anterior/Posterior distribution (Fz, Pz) as the within-subjecterfacid Group as
the between-subjects factor for each Stimulus type separately revesldiere was no
effect of Group on the anterior/posterior distribution of P3 for distracter igemE), but
there was a trend for the effect of Group for target stirfki(li;34) = 3.50,p:.070,np2 =
.093. Further ANOVAs for each Group separately indicated that this anterieripost
difference in P3 distribution to the targets was driven primarily by honest responding
participantsf(1,34) = 10.73,p<.005,np2 = .387, as the difference in distribution for
malingerers to target items was non-significgt 1). Given the atypical distribution of
the malingerer’s response to target items, additional analyses evaheateddgraphy of
the P3 for only the target items for which malingerers made correct res|fthresesvere
inadequate trials to look at the P3 to incorrect trials). The resulting topoglaphicaf

the P3 for correct hits can be seen in Figure 4. Figure 4 shows that even on tisdse tria
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which a correct response was made, the topographical distribution of the P3 response
showed comparatively more activity over more fronto-central electrodesite

comparison to the honest responders.
P300 L atency

The P3 waveform for distracter stimuli averaged across both electrodasdFz
Pz) had a significantly shorter latency (M = 357.01ms, SD = 29.92) than that for the
targets (M = 410.25ms, SD = 55.9E)1,34) = 29.6O,p<.001,np2 = .465. The latency of
the P3 was also shorter at Fz (M = 379.69ms, SD = 25.69) than at Pz (M = 387.57ms, SD
=23.88);F(1,34) = 6.82,p<.05,np2 =.167. These effects were qualified by an
Anterior/Posterior by Stimulus interactidf(1,34) = 5.83,p<.05,r||02 =.146. Post-hoc
ANOVAs with Anterior/Posterior location as the within-subjects factarevearried out
for each Stimulus type separately and revealed that there was no diffier&ateacy
between anterior (M = 356.42ms, SD = 23.84) and posterior (M = 357.61ms, SD = 20.84)
electrode sites for distracter itenps>(1), but there was for the target with the latency at
anterior electrodes being significantly shorter (M = 402.97ms, SD = 41.50) thremreat

posterior sites (M = 417.53ms, SD = 39.46)1,35) = 8.34p<.01,np2 =.192.

There was no main effect of Group on latency (p>.1); however, there was an
interaction between Group and Anterior/Posterior locatg¢h,35) = 4.20p<.05,np2 =
.110, and a Stimulus by Anterior/Posterior by Group interacik@h35) = 5.13p<.05,
an =.131. These interactions were explored using posthoc ANOVAs as described
above, but for each Group individually. For malingerers, the difference irBtlatecy
between Anterior (M = 375.42ms, SD = 36.33) and Posterior (M = 377.11ms, SD =

33.77) electrode sites was non-significg.1); however, P3 reached its maximum
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amplitude for honest responders significantly earlier at more antegirade sites (Fz:
M = 383.97ms, SD = 36.33, Pz: M = 398.03ms, SD = 33M(#)35) = 7.37p<.05,n," =
.302. Additionally, there was a Anterior/Posterior by Stimulus interaction for honest
respondersi(1,17) = 8.95p<.05,np2 = .35, but not for malingerers (p>.1); in
malingerers, distracter stimuli elicited a shorter P3 latency arltecimmpared to

posteriorly, but the P3 latencies at Fz and Pz were comparable for ths.target

ERP Behavioral Data
Participants within the control group identified and accurately responded to

91.9% (SD = .154) of the target tones. In contrast, those malingering cognitive
impairments responded to only 71.8% (SD = .256) of target items, these results show a
significant discrepancy between the two grouf4) = 2.846p<.01]. Malingerers were
also significantly slower to respond to target stimuli (M = 755.74 ms, SD =226.26) than
honest responders (M = 546.06 ms, SD =1181(84) = -3.486p = .001.
WCST Results

Participants’ performance on the WCST also demonstrated significanhddétere
across groups, verifying that the instructions produced significantly pooferrmpance
for those malingering impairments on this behavioral task. Control participasbler
to figure out the sorting rules for an average of 4.72 categories (SD = 1.87) ardirarc
to the instrument norms (Psychological Assessment Resources, Incputheer of
perseverative errors (M = 18.83, SD = 11.91) was at tfi@8fentile. In contrast, those
malingering executive deficits only completed an average of 1.00 cai&jory 1.328),

with perseverative errors at the"™percentile (M = 36.44, SD = 19.51); a level of
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performance that is significantly lower than that of control participantstimdategories
completedi(34) = 6.878p<.001, and perseverative errail§4) = 2.564p<.05.

The malingering criteria proposed by Bernard et al. (1996) produced reasonable
discrimination between honest responders and malingerers in the current study
(sensitivity = 94%, specificity = 78%). These results are displayed ir Tabin
addition, when evaluating malingerers in the current study using the Betradrd e
equations designed to discriminate between malingerers and those withegEBUithe

equations accurately identified 78% of the sample as malingering iggnsit78%").

! The specificity of this equation to discriminatetieen malingerers and those with genuine TBI coatd
be determined in the present study due to thed&eakT Bl population.
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CHAPTER 4: DISCUSSION

Consistent with prior research (e.g., Fjell et al., 2007; Harris, 1998; Luck, 2005;
Polich, 2007; Squires et al., 1975), the results showed that reliable P3 responses were
elicited by both the infrequently occurring target tones and the distractebdddg
stimuli. There were several differences between the P3 elicited bydhgpes of
stimuli, which are explainable by the differences in the physical propefttas stimuli
and the unique task requirements for each stimulus type. The standard and the target
stimuli were somewhat similar; the target stimuli were slightly lopvtiehed tones (1900
Hz) than the standard stimuli (2000 Hz). However, the dog bark distracter stimali wer
highly distinctive. Participants were required to press the mouse button wheredrdy
the infrequently occurring target tone, whereas no response was required to the
distracters. In the current study, the P3 elicited by the distractezomaglerably larger
than that elicited by the target tone. This is not surprising as the dog barkys a ve
distinctive sound and others have shown a positive correlation between P3 amplitude and
the distinctiveness of distracter (Friedman et al., 2001; Polich, 2007). Consiskent wi
prior research (e.g., Harris, 1998; Luck, 2005), the P3 in response to distracser item
tended to be maximal over fronto-central scalp sites, while the P3 to the tasget w
greatest over parietal areas. This fronto-central localization of theed&®racter stimuli
has been suggested to reflect the engagement of executive processeedssiticitne
involuntary capture of attention by highly salient stimuli (Courchesne et al.,.191A8)
P3 latency for distracter items was earlier (approximately 360msynparison to target
items (approximately 470ms), which also confirms the results of others usifay sim

paradigms (e.g., Harris, 1998; Luck, 2005).
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Given the latency and topographical distribution of the observed effects, the
components elicited by the current paradigm appear to be the P3a and P3b components
(in response to distracter and target stimuli, respectively), typiegbyted in the
literature (e.g., Fjell et al., 2007; Harris, 1998; Luck, 2005; Polich, 2007; Squires et al
1975). These results, therefore, support the idea that the P3 to each stimulus type reflec
different cognitive processes, as the task demands for each stimulus wediftprent,
particularly for those responding to the best of their abilities. The P3a component is
believed to represent the initial processing and subsequent updating in responsk to nove
stimuli (Kok, 2001; Polich, 2007), and reflects theoluntaryexecutive orienting
response to a novel stimulus (Friedman et al., 2001; Knight, 1984). In contrast, the P3b
reflectsvoluntaryattention and accompanies task relevant behaviors (Polich, 2007).
Therefore, it appears the primary task of identifying target tones, that3%adiaviation
in frequency from the standard tones, was difficult enough to capture the partcipant
attention (eliciting a P3b), and the distracter stimuli were sufficierstyndt to reorient
their attention (eliciting a P3a).

This conclusion is further supported by the significant interaction that was seen
between stimulus type and the anterior/posterior locations for the lateticy @8
response. While the latency of the P3 response for distracter items wzexr @bl at
anterior versus posterior electrode sites, the P3 for target items wifisaingly shorter
at more anterior sites. A similar finding was also reported by Wronka (@088). This
latency difference is likely the result of the relative task demandbddmno types of
stimuli. The P3b response is elicited by conscious task-relevant processin@s

responding to a specific target tone (Polich, 2007). Therefore, for disttaatst which
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are task irrelevant and require no overt response, one would not expect a P3b wave to be
present. In contrast, P3a is elicited whenever a change in stimulus isdlietegardless
of whether or not that change is task relevant (Polich, 2007). Therefore, target items
should elicit an initial fronto-centrally maximal P3a component when the stgmvds
first perceived, which is quickly followed by the parietally maximal P3paase as the
stimulus is perceived as task relevant (Katayama & Polich, 1998). TherefdPs the
target items is likely to be a combination of the P3a and P3b components. Given that the
P3a is earlier and maximal frontally compared to the more parietallipdisti P3b, this
likely led to the reported result of an earlier positivity to targets abfFwpared to Pz.

When considering Group membership (i.e., malingering versus honestly
responding participants), the results obtained were in line with the hypothdtdesugh
there were some subtle differences in the ERPs between the malingdramast
responderghere were no significant differences in the amplitude or scalp distribution of
their involuntary physiological responses (P3a) to the distracter stintmladdition,
there were no differences in P3a latency at Fz between malingerersnast ho
responders, which provides further evidence that the physiological response to the
distracter was comparable between the two groups.

There were, however, some notable differences observed between the malingerers
and honest responders. Overall, both honest responders and malingerers were able t
perform the primary task with a high degree of accuracy (82% overall hit rate
However, despite the fact that malingerers were instructed that thbse Wil are able
to perform the primary auditory discrimination task without difficulty, the hé far

malingerers in the current study was significantly lower (72%) than fardt@asponders
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(92%). In their attempts to appear impaired, malingerers in the current stoely w
inattentive to the primary task and/or focused on alternative stimuli (e.g., daydg

and as a result, missed responding to many of the target tones. This finding is furthe
supported by the significantly slower reaction times for malingererpad to honest
responders, in response to target items.

This difference in attention during the task appeared to result in differences in the
physiological response to the targets between the two groups with respect tobragh ti
and topographical distribution. For those malingering cognitive impairments, @éheyat
of the P3 elicited by targets was comparable at anterior and posteriosiseEslp
However, the P3 to targets in honest responders was significantly eaglntebr
compared to posterior scalp locations. As discussed above, the results obtained in the
honest responding group are typical for this task (Katayama & Polich, 1998; Wabnka
al., 2008). However, it appears that in the malingering group, the P3 elicited by the
targets is dominated by the earlier fronto-centrally maximal P3a resp&nsce the P3b
is only produced when a response is made (Polich, 2007), no P3b would have been
elicited on trials where malingerers failed to respond (nearly 30% ofrtfet taals),
resulting in a smaller P3b overall. However, if the malingerers were éhnarine target
tone was present on these missed response trials, an involuntary P3a would still have
been elicited. This idea that the P3 to targets is dominated by the P3a resplsose is a
supported by the fact that the P3 response for targets was slightly shortélms) for
malingerers in comparison to honest responders (427.44ms).

The difference in response style between the two groups also appeared to have an

effect on the scalp distribution of the P3 to target items. While there werderenites
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in scalp distribution for distracter items between groups, there was a trehd &dfetct
of Group on the scalp topography of P3 to targets. While honest responders showed
significantly greater P3 amplitude over more posterior electrodes, theediféein
amplitude of the P3 across anterior and posterior electrodes was non-sigroficant f
malingerers. There are two possible explanations as to why the malingesup may
have shown a more frontally distributed P3 to the target stimuli in comparison to the
honestly responding group. While the low response rates discussed earlier may have
contributed to this more anterior pattern of activation for malingerers, post-hosianaly
revealed that even for trials in which correct responses were made, this phtter
activation was still seen. Therefore, it appears as if malingesFesengaging additional
cognitive processes even when they were responding accurately. This finditiges i
with prior research, demonstrating that increased frontal lobe activédyably elicited
when a person successfully engages in independent, purposeful, self-servingrbehavi
(Lezak et al., 2004). The frontal lobes have been demonstrated to be responsible for
developing approach strategies to a task, or planning and carrying out a cogritive tas
(Lezak et al., 2004). For those answering honestly, the primary task of identdyget
tones was not difficult and thus required relatively little contribution from tivedf lobe
executive systems. However, malingerers were attempting to ateitngestimuli and
employ various strategies in order to manipulate the task, which may haasedthae
frontal lobe activation in the primary task.

Overall, the study shows that participants attempting to malinger cognitive
impairment were unable to simulate the P3a deficits seen in those with geraime

injuries. The majority of studies indicate that those with mild TBI show aftigni
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decrease in P3a amplitude to distracter stimuli relative to controlsd[€ltial., 2008;

Knight, 1984; Potter & Barrett, 1999; Reinvang et al., 2000; Segalowitz et al., 2001,
Solbakk et al., 2000). However, within the current study, no group differences were
observed in P3a amplitude, topography, or latency. In fact, not only were malingerers
unable to produce a significant change in their basic orienting response, but the very
process of attempting to employ additional strategies to appear impaired prothee
physiological markers of deceptive responses that were particsédidyt in their
responses to the target items. Malingerers may have actually utilizéer gneecutive
abilities to plan, organize, and implement their strategies, thus incressmtagl fobe

activity and producing a different timing and topographical distribution in resgons
target stimuli in a simple discrimination task. Additionally, their lacktténtion may

also have contributed to the altered timing and topography of the P3 to targets. These
differences in their physiological response to target stimuli not only makediséinct

from honest responders, but it further differentiates them from mTBI paasrwell.

Prior research has typically shown that mTBI patients and controls diffemot@gms of

the amplitude and latency of the P3a component but not the P3b component, (e.g., Elting
et al., 2008; Knight, 1984; Potter & Barrett, 1999; Rugg et al., 1993; Sivak et al., 2008).
In summaryalthough malingerers put forth significantly less effort on the primary ERP
task of responding to the target tones, the physiological response to the distracter, which
can be considered to be an involuntary response, did not @hercurrent analysis
therefore indicates that in a three-stimulus oddball paradigm, the P3a masliabla r
indicator of an individual’s genuine level of underlying executive functioning, as it

appears to be resistant to attempts of manipulation.
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The ERP results are even more salient in comparison to those obtained on the
behavioral index of malingered executive dysfunction (WCST). During the standard
administration of this measure, as used in a traditional clinical evaluatioesthitsr
indicated that those malingering impairments produced significantly worserparfce
for both categories completed and the number of perseverative errors; testhebr
have been demonstrated to be the most sensitive to frontal lobe injury (Lezak et al.,
2004). If these participants were in a clinical setting they would be abrisieing
mistaken as having genuine impairment.

The WCST malingering criteria used by Bernard et al. (1996) wessvb@itn
effective at differentiating between malingerers and honest respondbesdurrent
study, with an overall accuracy of 86%. Nearly all of the malingerers weuveadely
identified as malingerers, and only a single participant was misidenfs@nsitivity =
94%). However, the specificity of the measure was somewhat weaker (f8%).
comparison to the initial validation study by Bernard et al. (1996), the sensitivitis
measure in the current sample was similar, but the specificity was mueh(R2956;
Bernard et al., 1996). This was due to a high number of false positives (22% compared to
8% reported by Bernard et al.). This difference in specificity may be duBeedces
in executive abilities between the control participants in the current ahatthose used
by Bernard and colleagues. In general, the honest responders in the cudiyeshstved
poorer and more variable performance on the WCST than that reported by Bealard et
Within the current sample, the average number of categories completed wagMow
4.72) and showed greater variability (SD = 1.87) than the controls in the sample used by

Bernard et al. (M = 5.6, SD = 0.6). A similar pattern was seen in the number of
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perseverative errors across samples (current sample: M = 18.83, SD = EtrrdRet

al.: M=6.9, SD = 5.6). However, TBI patients are a very heterogeneous group whose
level of impairments can vary significantly (Lezak et al., 2004), therefonaytbe more
ecologically valid to compare them to a more heterogeneous group of controls more
similar to those used in the current study.

When scores from malingerers were compared to published data from patients
with TBI (Bernard et al., 1996), the equations accurately identified 78% of the
participants as “malingering;” however, if used in clinical practice, 22%advoave been
misclassified as having genuine impairment. The sensitivity of this neeasisralso
somewhat lower than that reported by Bernard et al. (86%) in their validatthn s

While the general effectiveness of this WCST malingering measutgemay
similar to other behavioral measures of malingering (e.g., the VIP-NV legoded
74% sensitivity and 86% specificity; Frederick, 1997), there is still coratteeroom for
improvement. It is crucial that malingering measures in general maintasagheity not
only to identify malingerers, but also to ensure the protection of those answering to the
best of their abilities, as well. Misclassification of honest respondershsepnatic,
particularly for measures intended for forensic application. An erragifetason of an
individual with genuine cognitive impairment in a civil case may result in theofoss
treatment, services, or legal entitlement to compensation. The falséicdénti of
malingering in a criminal context carries even greater imptinati A legitimately
impaired individual may be prosecuted despite a lack of competency. The irtability
understand legal proceedings or to consult effectively with one’s attorned/result in

an unfair and biased trial (Rosenfeld et al., 2000). These concerns provide further
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rationale to investigate physiological indicators of effort, such as theesceilokd in the
current study.

A person’s overt behavioral response will always be subject to manipulation and
misinterpretation. Therefore, there is likely to be an increased emphasisetopdey
physiological indices of cognitive functioning in the future, particularlggsist
clinicians in the determination of symptom validity. The strength of physzabgi
indices, much like behavioral measures, lies in their convergent validity. Byogawgl
multiple correlates of cognitive functioning, ideally across multiple dosydhe clinician
can be more confident that the results of a cognitive evaluation are an@ccura
representation of the individual’s abilities. The current paradigm is proposed as a
supplement to the measures being developed to assess malingered menityy Bgfic
utilizing a comprehensive battery of both physiological and behavioral measures,
clinicians will be able to place greater reliance on the validity of tesults and
conclusions. While physiological measures such as the one proposed are unlikely to
achieve widespread use by clinical neuropsychologists due to the time, expédnse, a
expertise required, a reliable physiological measure can serve ast@matltbol to be
used in exceptional cases in which the implications are particularly high (ergnat
cases, high stakes civil litigation, etc.).

The current study was a pilot study intended to investigate the feasilality of
physiological measure of executive functioning, as well as to demonsiatesistance
of the P3a component to participant manipulation. As such, the limitations observed in
the current study will have to be remedied in future validation studies. Firstly, the

present sample had a high number of participants9) that were excluded from the
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study due to recording difficulties. This high number was likely due to the environment
in which the study took place. Participants were run in a non-shielded room on a busy
college campus. Therefore, data collection was at times hindered by liagresidting

in the observation of 60 Hz activity in the majority of the excluded participdritis
variable should be eliminated in future validation studies. The current studyseas al
designed to look for differences at a group level. However, before such mezsubes
used in a clinical setting, future research is needed to ascertain wieethr@gques such

as bootstrapping can be used to accurately discriminate malingerirggppats from

genuine mTBI patients at the individual level.



59

APPENDIX

Table 1
Beta weights included in the WCST logistic regression equations developed by Bernard et
al. (1996) and Suhr and Boyer (1999)

Predicted Group

Bernard et al. (1996) Simulated Malingerers Controls
Categories 0.327 2.321
Constant -0.664 -7.858
Simulated Malingerers TBI Patients
Perseverative Errors 0.306 0.431
Categories 2.731 6.997
Constant -8.027 -22.226
Simulated Malingerers Mixed CNS Patients
Perseverative Errors 0.228 0.304
Categories 1.733 2.899
Constant -6.20 -10.158

Undergraduate sample Patient sample
Suhr & Boyer (1999) (control vs. simulated)  (TBI vs. suspected)

Failures to Maintain Set 0.96 1.01
Categories -0.42 -0.75
Constant 1.36 3.16

Note.Individuals are classified by multiplying the WCST raw scores by the apat®pr
coefficients shown above. The sum of the products is then added to the indicated
constant. For the Bernard et al. criteria, the individual’s scores atdatatt using two
eqguations (on the same line) for each “type” of patient (i.e., either controls, thos
reporting TBI, or those reporting mixed CNS). One equation provides the coefficients
for the selected clinical group (e.g., actual TBI patients), while the other pdaviele
coefficients for the appropriate comparison group of simulating malingerersn ivé
scores from the two equations are compared, the greatest value indicate tfiteiyos
‘group’ membership. For the Suhr and Boyer criteria, the individual's raw saeres a
entered into whichever of the equations is considered to be most appropriate. Different
cutoff scores are then used to determine whether the participants are nrajibgsed

on differing levels of desired sensitivity/specificity (cutoff socan be seen in Table 2).
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Table 2
Suhr and Boyer (1999) cutoff values for malingering using the WCST

Logistic regression score Probability of malingering

4.69 0.99
3.68 0.95
3.16 0.90
241 0.85
1.69 0.80
1.43 0.75
1.17 0.70
0.91 0.65
0.42 0.60
0.16 0.55
0.00 0.50

Note.The specified regression score is used to predict the degree of certanty i
malingering determination (e.g., when a cutoff score of 3.68 is used, there is a 95%
chance that the individual is malingering).
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Table 3
Cutoff values and sensitivity/specificity for different combinations of Wifdators
using the two sets of cutoff criteria (Greve et al., 2002)

Unique
responses Suhr & Boyer Bernard et al.
Cutoff #1 >0 >1.9 >-3.0
Cutoff #2 >1 >3.68 >0.0
Cutoff #1 Cutoff #2
Specificity Sensitivity  Specificity  Sensitivity

Suhr .89 A7 .94 .34
Bernard .89 .38 .94 .10
Unique .94 .35 1.00 22
Suhr OR Bernard .88 .53 .88 41
Suhr OR Unique .82 .66 .94 A7
Unique OR Bernard .82 .53 .94 34
Unique OR Bernard OR Suhr .82 .66 .88 .50
Suhr AND Bernard .88 31 1.00 .09
Suhr AND Unique 1.00 16 1.00 .09
Unigue AND Bernard 1.00 19 1.00 .03

Unigue AND Bernard AND Suhr 1.00 13 1.00 .00




Table 4

The diversity of study characteristics of those examining P3a amplitude among patiemts @i

Increased P3a amplitude Decreased P3a amplitude Increased P3a latency NoP3a d'gzsgge between
11° 14" 16° 3
2; 533 241
! 1 2
Sample Size 597 40'°
10°
40"
“Chronic severe closed head | -“CT scan evidence of unilateral prefrontal lesiohs| - Received “closed head injury” ~“mild TBI” ®
injuries”? -“Mild frontal closed head injury® -“History of head injury” -“mild head injured™!
Iniur -“History of head injury”” -“post-concussive syndrome” cases
jury - “reported a mild head injury on a questionnaire | - “Moderate to severe TB}°
given to an introductory psychology cla&s”
- “Moderate to severe TB}°
-Loss of consciousness (LOC) -No intracranial pressure, midline shift -fulfilled at least one of the following: - “mTBI was defined as any blow
from 10 min to 21 days with | -Left and right sided lesiofr8 GCS <8, intracerebral hematoma, PTA 3 to the head resulting in short-term
post-traumatic amnesia (PTA)| -Intracranial tumors and infaréts 48 hrs3 impairment of neurological
4 days to 3 mds -Reported LOC (<30 mirgr PTA (<24 hrs) “was - “a single episode of a verifiable head | functions (e.g. unconsciousness (f
-Glasgow Coma Scale (GCS)| accepted as evidence of head injdry” trauma with an episode of amnesia or 30 min), confusion, disorientation
range 5 to 1% - 1 with aneurysm, 19 with “varying degrees of unconsciousness” and post-traumatic amnesia (< 24
-Bifrontal contusions, diffuse | traumatically induced frontal brain damage - 66% of sample classified as “mild” (the| hrs) which can be accompanied by
axonal injury (DAI), confirmed by neuroradiological examination rest is uncleaf) other symptoms and signs
hematomas, and hygronias (CT/MRYI) performed within 6 months after traunfa| - < grade 3 concussion and any one of theheadache, nausea, vomiting,
-LOC range few seconds to 60 min with PTA rangg following: LOC < 30 min., GCS of 13-15, drowsiness, dizziness, emotional
Characteristics to 30 mirf PTA < 24hrs., any alteration in mental | changes and cognitive deficit3)”
- “a single episode of a verifiable head traumdwit | state at the time of the accident (e.g. -Normal MRI in 7498
an episode of amnesia or unconscioustiess” feeling dazed, disoriented, or confused),[ofPTA range 1-1320 min. and LO(Q
- 66% of sample classified as “mild” (the rest are | focal neurological deficit(s) that may or | was presentin 9 (range
uncleary may not be transienit. 0.03-20 min}.
- mTBI defined as “any blow to the head forcing ope 29 cases had DAI, 7 cases had focal | -GCS was 15 in 23 patients and 1
to stop whatever one was doifig” injury, 2 cases had acute epidural in 83 ﬂ“
-LOC in 80% of casés hematoma with DAI, and 1 case had acyteLOC range from few seconds to ¢0
- 29 cases had DA, 7 cases had focal injury, 2ap subdural min and PTA ranges from none to
had acute epidural hematoma with DAI, and 1 cagehematoma with DAL 30 mintt
had acute subdural hematoma with DA
1-3 years post injufy > 4 months post injury 6 months to 3 yrs post injufy < 3 yrs post injury
> 6 months post injufy 1-10 years post injury < 5 yrs post injurf
Time Period < 3.5 yrs post injury 19-59 months post injury
1-10 years post injury
1-13 years post injury
All patients had “typical -11 of 14 with no cognitive deficits Neuropsychological deficits: “yes” 3 of 24 report attention problems
Clinical neuropsychological dgficits_ 6 of 20 Wit_h_mil_d to mo_d_erate cognitive complaintp anq 3 of 24 report memory
Sequelae following severe CHI including with no deficits in remaining 14 deficits'
attention memory and - All participants had no “persistent symptorfis”
behavioral change$”

TKnight (1984) “Kaipio et al. (1999) °Rugg et al. (1993) “Solbakk et al. (2000)°Sivak et al. (2008) °Potter & Barrett (1999) 'Reinvang et al. (2000)
8Segalowitz et al. (2001) °Gaetz et al. (2000)*°Naito et al. (2005) *Potter et al. (2001) *Elting et al. (2008)

29
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Table 5
Participant demographics

Estimated Verbal

,(A\I\sl])e Gender Ed?&?tlon Ethnicity IQ Fluency S(tlz/(l))op
(M) (M)
5 White 37(h 50h
Controls 24.2 8 males 14.1 year$§ African American  100.2 : .
percentile percentile
7 Other
5 White 45 50
Malingerers  25.6 5males 15.1 yearss Afrugagtﬁrenrencan 103.5 percentile percentile

Note.All differences between groups were non-significant.
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Table 6
Bernard et al. (1996) criterion utilized in the current study to compare malingerers and honest

responders using the WCST

Predicted Group

Bernard et al. (1996) Simulated Malingerers Controls
Categories 0.327 2.321
Constant -0.664 -7.858
Simulated Malingerers TBI Patients
Perseverative Errors 0.306 0.431
Categories 2.731 6.997
Constant -8.027 -22.226

Note.The two discriminant analysis equations (in the upper part of the table) were used to
classify each individual as a simulated malingerer or a control. For ehcidual, a score for
each predicted group was calculated by multiplying the number of categorie®tzuhpi the
WCST, and then adding the specified constant. The two scores were compared and ttie one w
the greatest value indicated the most likely ‘group’ membership. Similaequoes were
employed for comparing the malingerers in the current sample to the i&itpanalingerers in
the Bernard et al. sample. The WCST data (categories and number of paxseeaas) for
each malingering participant were entered into the two equations cogaBinpatients’ to
‘simulated malingerers’ (in lower part of the table). For each predictegpg"dGST scores
were multiplied by the appropriate coefficients and then the sum of the prediscegided to the
indicated constant. The resultant scores were compared and the greagestdiehted group
membership.
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Table 7
WCST malingering results comparing honest responders and malingerers

Bernard et al. equations

Honest
Malingerers Responders
Correctly
Identified 17 14
Incorrectly 1 4

Identified
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Figure 1

Example of both P3a and P3b components in response to distracter and target items,
respectively recorded of the Fz electrode. P3a (dotted line) is only observed i
response to novel distracter items, while P3b (solid line) is only seen following
identified target items. Adapted from Polich (2007).

THREE-STIMULUS P3a

Difficult Stimulus Distracter S Pib
Stimulus : . /

Discrimination




Figure 2
Grand average ERPs elicited by the two stimuli types (target and distracter) for bot
malingerers and honest responders across the 15 fronto-central electrodes.

= Malingerers — Distracter == = = Malingerers — Target

Contrals — Distracter Controls - Target
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Figure 3
Scalp distributions for both Honest Responders (top) and Malingerers (bottom) for téistrac
(left) and target stimuli (right).
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Figure 4
Scalp distributions for Malingerers in response to target items. Distributions are shoath f
responses (left), as well as for correct responses only (right).
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