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ABSTRACT 

 

 

The purpose of this study was to examine neuropsychological performance by the 

number of PVT failures and the extent of failing performance on a PVT. Previous 

research has demonstrated that in relevant patient samples, performance validity tests 

(PVT’s) account for a significant amount of the variance in neuropsychological test 

performance, with relevant factors including the number of PVT failures and designated 

cut scores. The literature is unclear regarding recommendations for whether testing 

should continue despite evidence of test invalidity early in an assessment. However, 

patients with poor PVT performances often still perform within at least the average range 

on some measures (i.e., within normal limits, WNL), implicating the possibility of ruling 

out frank neuropsychological impairment despite PVT failures. 257 OEF/OIF/OND 

Veterans with a history of mild traumatic brain injury (mTBI) were seen for a 

comprehensive clinical neuropsychological evaluation. Standardized neuropsychological 

test scores were utilized to calculate global deficit scores (GDS), which were then used to 

classify individuals as neuropsychologically impaired or WNL. Placement in a PVT 

“pass” or “fail” group was determined by cutoffs of between 1 and 4+ out of 5 PVT fails. 

GDS was also compared when failure on the WMT or TOMM was determined by 

common cut scores or at-or-below chance level of performance. While chi-square 

analyses demonstrated significant relationships between GDS and PVT performance, 

moderately high rates of individuals with WNL GDS occurred among those failing 

multiple PVTs. The relationship between GDS and PVT failure severity was also found 
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to be significant, and more modest yet notable rates of GDS falling WNL were observed 

even when PVT performance was at-or-below chance level. This study demonstrated that 

despite the relationship between PVT failures and poor neuropsychological performance, 

multiple PVT failures and at-or-below-chance level PVT performance may coincide with 

sufficient effort on other tests. These results demonstrate that neuropsychological test 

data may still be clinically useful even when multiple PVTs are failed even at-or-below 

chance level of performance.   
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Introduction 

 Performance validity tests (PVTs) have been shown to be a necessary aspect of a 

neuropsychological test battery across multiple clinical settings (Larrabee, 2012). There 

is evidence of a link between invalid test performance determined by failure on PVTs 

with poor performance on cognitive measures, potentially leading to inaccurate diagnoses 

or misguided conclusions regarding the relation between neuropsychological test 

performance and neurological standing (Lange, Pancholi, Bhagwat, Anderson-Barnes, & 

French, 2012; Meyers, Volbrecht, Axelrod, & Reinsch-Boothby, 2011). Due to this risk, 

PVTs are administered to provide a tool of inference for validity in a neuropsychological 

battery. The outcome of “passing” or “failing” a PVT (given the chosen cutoff) and, in 

some cases, how severely a PVT is failed is therefore crucial to interpretation of 

neuropsychological performance. 

 As association has been demonstrated between PVT failure and decreased 

neuropsychological test scores among patients reporting cognitive impairment symptoms. 

For example, invalidity on the Word Memory Test (WMT) was found to significantly 

predict overall neuropsychological test performance better than severity of brain injury in 

a large sample of head injury and neurological patients (Green, 2001). These results were 

replicated by Meyers, Volbrecht, Axelrod, & Reinsch-Boothby (2011), who also 

demonstrated that 50 percent of the variance in neuropsychological battery performance 

was accounted for by embedded validity measures. Due to the increased prevalence of 

failed PVT performances and the relationship with neuropsychological performance, the 

American Academy of Clinical Neuropsychology (AACN) and the National Academy of 

Neuropsychology (NAN) have both published position papers recommending that PVTs 
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should be included in all clinical neuropsychological assessments with few exceptions 

(Heilbronner et al., 2009). Despite these recommendations and a body of literature 

linking poor neuropsychological performance with PVT failures, there are not currently 

clear recommendations on how clinicians should interpret neuropsychological data 

falling within normal limits (WNL) when there are PVT failures. 

In order to amend the lack of concrete guidelines regarding whether 

neuropsychological testing should continue despite failure of PVTs early in an 

assessment, a more in-depth inquiry into WNL neuropsychological performance among 

patients with failed PVTs is required. External pressures to stop testing could have 

consequences for patients, who may lose the opportunity to demonstrate WNL 

neuropsychological performances that would allow for a rule out of frank impairment, as 

well as clinicians, who may be restricted in their ability to provide as specific 

recommendations as possible and may face financial consequences by losing billable 

hours. These reasons demonstrate the potential clinical utility of an empirical analysis of 

the frequency of WNL neuropsychological performances when PVT failures are present.  

 Although PVT failures typically have been associated with poor scores on 

neuropsychological tests, this relationship does not imply that PVT failures uniformly 

predict impaired performance on neuropsychological measures. Even in studies where 

overall neuropsychological performance (i.e., when test scores are averaged to provide a 

single value for test performance across multiple tests and domains) is lower among those 

failing PVTs, it can be observed that individuals with failing PVT scores still perform at 

normal levels on some individual measures. For example, Jak et al. (2015) demonstrated 

that patients with failed PVT performances were more likely to perform worse on many 
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neuropsychological tests compared to PVT-passing counterparts. However, this study 

also reported that the majority of individuals who failed at least 1 of 2 PVTs performed 

within normal limits (WNL; while definitions for WNL vary, here it was defined as an 

individual performing no lower than -1 SD below average performance on all or all-but-

one measure) on a neuropsychological battery (Jak et al., 2015). It could be argued that 

this provides evidence that individuals who failed PVTs in this study did not uniformly 

underperform to a significant degree on neuropsychological measures, at least to the 

extent that many still performed at broadly normal levels. Of potentially greater 

importance and clinical relevance is that largely average performance on cognitive 

measures, in the context of PVT failure, still serves to rule out the presence of frank 

cognitive impairments. 

 In the examination of average neuropsychological test performance in the 

presence of PVT failures, it is crucial to recognize that truly feigned performance on 

neuropsychological testing can only lead to unidirectional results (i.e., lowered test 

scores). Performance in the opposite direction (i.e., higher test scores), has been 

discussed previously in the context of psychiatric symptom self-report measures, which 

has been observed among individuals seeking external gain (e.g., release from a 

psychiatric hospital) by reporting a falsely high level of functioning (Franzen, Iverson, & 

McCracken, 1990). However, an analogous performance validity profile would not be 

possible, as an individual can only perform on neuropsychological measures as well as 

their true upper limit of cognitive ability allows. A performance on a neuropsychological 

measure can at the very least serve as a marker of a patient’s potential performance, even 

if the patient’s ceiling of level of performance is in fact higher. Regardless of the 
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influence of performance invalidity or the presence of PVT failures, neuropsychological 

performance falling in the average range can at the very least be interpreted to rule out 

the presence of frank cognitive impairment. 

 In cases where clinicians must interpret neuropsychological presentation when 

performance invalidity is possible, the number of PVTs failed should also be taken into 

consideration. This issue of interpreting multiple PVT failures and/or identifying other 

corroborating evidence of underperformance has been addressed frequently in the 

literature. Included in the criteria for the diagnosis of malingered neurocognitive 

dysfunction (MND) established by Slick and colleagues (1999) is the need for 

corroborating evidence of purposeful performance invalidity from multiple sources of 

data, which may include failure on multiple PVTs. Larrabee, Greiffenstein, Greven, & 

Bianchini (2007) demonstrated that a cutoff of at least 2 well-validated PVTs or SVTs is 

sufficient for determining probable MND according to the Slick criteria, while they 

suggested that at least 3 PVT or SVT failures evidenced definite MND. Larrabee (2003) 

and Victor et al. (2004) found that 2 compared to 3 PVT fails yielded greater sensitivity 

rates in identifying malingerers, while 3 PVT fails yielded greater specificity. The 

relationship between the number of PVTs failed by a patient has also been examined for 

prediction of poor neuropsychological test performance. For example, Meyers et al. 

(2011) found that among patients with a range of reported TBI severity history, the 

differences in neuropsychological performance between patients who failed 0, 1, 2, and 3 

embedded PVTs yielded high effect sizes. However, there is also evidence that a single 

PVT failure may be related to neuropsychological test outcomes. Proto et al. (2014) 

found that patients with a history of mTBI failing 1 vs. 0 PVTs had statistically 
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significant differences (with greater effect sizes) in more individual neuropsychological 

test performances than between 1 vs. 2 PVT failures or 2 vs. 3 or more PVT failures. This 

could also potentially serve as evidence that population variables such as type of injury 

might contribute to the determination of the number of PVT failures used to designate 

performance invalidity. Taken together, the results of these studies imply that while a 

relationship between the number of PVTs failed and neuropsychological test 

performances may be present, a strict cutoff of 2 or more PVT failures to determine 

performance invalidity may not be advisable. Furthermore, it is unclear if failing 2 or 

more PVTs is associated with levels of underperformance so egregious as to warrant not 

completing an assessment.  

The severity of PVT failure has also been addressed in the literature, although the 

number of studies examining this aspect of PVTs is far exceeded by those studies that 

look at PVTs from a dichotomous perspective of pass or fail. The Slick criteria for 

definite MND includes below-chance performance on a single PVT (Slick et al., 1999). 

Additionally, many in the PVT literature have stated that below-chance performance on 

forced choice PVTs provides unique evidence for intentional malingering, as an 

individual would need to know the correct answer and purposefully choose the incorrect 

answer to perform significantly below chance (Bianchini, Mathias, & Greve, 2001; 

Tombaugh, 1996). Greve, Binder, & Bianchini (2009) found that in a large cohort of 

patients with a history of mTBI, there was a greater likelihood of patients failing multiple 

PVTs below chance level than patients failing only one PVT below chance level, 

suggesting that failed PVT performance of greater severity may predict uniformly weaker 

performance. PVT failure severity has also been examined for its relationship to 
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neuropsychological performance. For example, Green et al. (2001) found that overall 

neuropsychological test battery means were significantly worse among the 78 individuals 

(4.4% of the total sample) who failed the WMT below chance level compared both to 

those who passed the WMT and those who failed the WMT above chance. This evidence 

suggests that below chance level failure of PVTs may predict underperformance across 

neuropsychological measures. However, more exploration of this relationship is required 

to determine if the level of lower neuropsychological performance justifies prematurely 

ending testing, and if there is a chance that WNL neuropsychological performances may 

still be elicited in these cases. 

The purpose of this study is to employ a veteran sample with a history of mTBI in 

a clinical setting to investigate the occurrence of WNL overall neuropsychological 

performance despite the presence of PVT failures. It is hypothesized that there will be a 

significant relationship between the presence of PVT failures and impaired 

neuropsychological performance, with individuals failing an increasing number of PVTs 

having a greater likelihood of performing at impaired levels across a neuropsychological 

battery. However, it is predicted that despite this relationship, a substantial portion of 

individuals failing multiple PVTs will nonetheless perform WNL across the 

neuropsychological assessment. Additional analyses will examine the occurrence of 

WNL neuropsychological performance despite greater severity of PVT failure. The 

relationship between PVT failure severity and WNL neuropsychological performance 

will be examined when using typical cut-scores to denote PVT failure and when using 

performance at-or-below chance level to denote PVT failure. It is hypothesized that 

individuals who fail PVTs at-or-below-chance level will be less likely to perform WNL 
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on the neuropsychological battery. It is predicted that some individuals failing PVTs at-

or-below chance level will still perform WNL on the neuropsychological battery. The 

results of this study will provide clinicians a reference for making informed decisions 

about whether continued testing is likely to produce clinically meaningful data when 

there is objective evidence of performance invalidity.  

Method 

Patients 

 This study included 257 OEF/OIF/OND Veterans, all of whom were referred for 

neuropsychological evaluation following a Comprehensive TBI Evaluation at one of the 

participating VA hospitals. Individuals were referred for the follow-up evaluation based 

on perceived clinical need. Informed consent was obtained from all individuals prior to 

participation in this study. This study was prospectively designed by 6 collaborating 

neuropsychologists at 5 different VA hospitals in the Southern, Western and Midwestern 

regions of the United States and was approved by the Institutional Review Boards at each 

respective site. Neuropsychological testing was administered by licensed psychologists or 

trainees under the direct supervision of licensed psychologists. The evaluation consisted 

of a standard neuropsychological assessment battery, during which time demographic and 

injury characteristic information was collected via semi-structured interview. Criteria 

used to classify mTBI in this study were consistent with the criteria of the American 

Congress of Rehabilitation Medicine (ACRM, 1993), including a head injury resulting in 

loss of consciousness (LOC) lasting approximately ≤30 min, a reported altered mental 

state at the time of injury, and/or post-traumatic amnesia lasting no more than 24 hours. 

Individuals with a reported history of head injury more severe than mTBI either before, 
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during, or after deployment will be excluded from analyses, as will individuals who did 

not report a history of deployment mTBI. While individuals between the ages of 18 and 

64 were enrolled, analyses for the current study will only include individuals between the 

ages of 18 and 50 in order to eliminate participants with greater potential for decrements 

due to a mild cognitive impairment rather than deployment-related injuries. Also, only 

individuals with no missing data for the PVT and neuropsychological measures were 

included in this study. A history of any psychotic disorder was also screened for prior to 

enrollment in this study, thus no participants have a history of psychotic disorder 

diagnosis. Given these exclusion criteria, 54 individuals were excluded due to not 

meeting deployment mTBI criteria, 6 individuals were excluded due to age greater than 

50, and 30 individuals were excluded due to missing data. Given that some individuals 

met multiple exclusion criteria, a total of 177 individuals were included in these data 

analyses. 

Measures 

 Clinical Interview. 

 All sites participating in this study used the same format of semi-structured 

clinical interview, which was modified from the structured clinical interview typically 

used by the VA Polytrauma Network System of Care (Belanger, Uomoto, & 

Vanderploeg, 2009). Information collected during clinical interviews included 

demographic information as well as characteristics, numbers, types, and dates of head 

injuries occurring during, before, and after deployment (see Tables 1 and 2). 
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Table 1. Demographic and injury characteristics by number of PVT failures. 
 Entire 

Sample 
0 PVT 
Fails 

1 PVT 
Fail 

2 PVT 
Fails 

3 PVT 
Fails 

4 PVT 
Fails 

5 PVT 
Fails 

Age (years), mean 
(SD) 31.4 (6.3) 

30.3 
(5.9) 
n=60 

32.1 
(6.7) 
n=49 

32.53 
(6.5) 
n=32 

29.73 
(5.7) 
n=22 

33.0 
(7.2) 
n=11 

37.0 
(3.6) 
n=3 

Education (years), 
mean (SD) 13.1 (1.6) 13.3 

(1.7) 
13.1 
(1.8) 

13.0 
(1.4) 

12.86 
(1.6) 

13.1 
(1.3) 

13.7 
(0.6) 

Gender 8f 2f 1f 2f 2f 1f 0f 

Ethnicity 

19 Black 
123 White 
28 Latino 
2 Multi 
5 Other 

4 
46 
6 
1 
3 

7 
28 
13 
0 
1 

2 
25 
4 
0 
1 

3 
14 
4 
1 
0 

1 
9 
1 
0 
0 

2 
1 
0 
0 
0 

Number with reported non-deployment mTBIs, mean (SD)   
  Pre-deployment 38 17 12 5 2 2 0 
  Post-deployment 21 5 7 2 4 3 0 

 
 
 
Table 2. Demographic and injury characteristics by severity of PVT failure. 

 TOMM Trial 1 WMT 

 Pass Cut-Score 
Fail 

At-or-
Below 
Chance 

Level Fail 

Pass 
Cut-

Score 
Fail 

At-or-Below 
Chance 
Level 

Age (years), 
mean (SD) 31.1 (6.3) 33.0 (6.7) 31.0 (5.6) 30.3 (6.1) 32.2 (6.5) 32.5 (6.4) 

Education 
(years), mean 
(SD) 

13.2 (1.7) 13.0 (1.4) 13.2 (1.8) 13.2 (1.6) 13.2 (1.8) 13.0 (1.4) 

Gender 5f 3f 0f 3f 3f 2f 

Ethnicity 

13 Black 
91 White 
21 Latino 
1 Multi 
0 Other 

4 
22 
7 
0 
1 

2 
10 
0 
1 
0 

6 
56 
10 
1 
3 

7 
33 
13 
0 
2 

6 
34 
5 
1 
0 

Number of reported non-deployment mTBIs, mean (SD) 
Pre-deployment 2.7 (3.0) 2.0 (1.0) 2.3 (2.3) 3.2 (3.6) 2.0 (1.3) 2.0 (1.5) 
Post-deployment 1.6 (2.3) 1.3 (.5) 1.0 (0) .86 (.38) 2.2 (2.9) 1.2 (.4) 

 
 Neuropsychological Measures. 

 Veterans in this study were administered a standard, comprehensive battery of 

neuropsychological tests, completed during a single assessment day. Statistical analyses 
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for this study will utilize standardized scores of 11 neuropsychological measures, chosen 

to reflect the array of cognitive domains assessed during the evaluation (see Table 4 for 

the test battery order, including measures that will not be included in data analyses for 

this study). 

 Coding subtest of the Wechsler Adult Intelligence Scale-IV (WAIS-IV). 

 The Coding subtest of the WAIS-IV measures processing speed via a 

graphomotor task. Patients must copy symbols to their corresponding numbers from a 

provided key within a 120-second time limit. Standard scores are determined by the total 

number of correct symbols copied within the time limit, accounting for age (Wechsler, 

2008). 

 Visual Puzzles subtest of the WAIS-IV. 

 The Visual Puzzles subtest from the WAIS-IV provides a measure of visuospatial 

reasoning. Patients are briefly shown a completed puzzle, then must select three shape 

options to reconstruct the puzzle. Age-adjusted standard scores were calculated from the 

total number of correct responses completed within a specified time limit (Wechsler, 

2008). 

 California Verbal Learning Test-II (CVLT-II). 

 The CVLT-II is a verbal learning task, in which patients are read a list of 16 

words and are instructed to repeat as many words back as they can remember. The total 

number of words correctly recalled across five trials provides a measure of immediate 

verbal recall. The total number of words recalled following a 20-minute delay provides a 

measure of delayed verbal memory. T-scores are calculated that adjust for age and years 

of education (Delis, Kramer, Kaplan, & Ober, 2000). 
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 Letter Fluency (FAS). 

 The Letter Fluency task provides a measure of phonemic verbal fluency. Patients 

are instructed to say as many words as they can think of on three 1-minute trials 

beginning with a specified letter (F, A, and S, respectively). The total number of correct 

words generated across the three trials are summed and this score is adjusted for age and 

years of education (Gladsjo et al., 1999). 

 Category Fluency (Animals). 

 On the Category Fluency task, a measure of semantic verbal fluency, patients are 

instructed to say as many words as they can think of belonging to a specified category 

(i.e., Animals) in one minute. The total number of animals said within the time limit is 

tabulated and this score is adjusted for age and years of education (Gladsjo et al., 1999). 

 Trail Making Test (TMT), parts A and B. 

 Part A of the TMT is a timed-measure of visual attention and processing speed, 

on which patients must quickly draw lines connecting numbers on a page. Part B 

provides a measure of set-shifting (a subdomain of executive function), where patients 

must quickly draw lines, alternating between connecting numbers and letters, in order. 

The total time taken to correctly complete the task is used as the performance measure for 

each respective part. Scores for TMT Part A and Part B are age- and education-adjusted, 

yielding T-scores (Reitan & Wolfson, 1985). 

 Wisconsin Card Sorting Test (WCST). 

 The WCST provides a measure of set-shifting, a sub-domain of executive 

function. Patients must sort a pile of cards with pictures of objects on them by either 

shape, color, or number of objects. Patients are not told how to sort the cards; the sorting 
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category changes throughout the task, and patients must alter response methods to 

correctly follow the changing sorting rules. The total number of perseverative responses 

(when the patient continues sorting incorrectly according to the previous rule following a 

set shift) is age- and education-adjusted to obtain T-scores (R. Heaton, Chelune, Talley, 

Kay, & Curtiss, 1993). 

 Paced Auditory Serial Addition Task (PASAT). 

 The PASAT is a test of working memory and auditory processing speed. A series 

of single digits are presented via audio recording, and the patient must add each new digit 

to the digit preceding it. Four trials of 50 digits are administered. The total correct 

responses from the first and second trials are summed, and T-scores are calculated 

adjusting for age, education, and ethnicity (Gronwall & Sampson, 1974, as reported in 

Diehr, Heaton, Miller, & Grant, 1998). 

 Stroop Color-Word Interference Task (CWIT). 

 The CWIT, also referred to as the Stroop Task, is a commonly used test of 

executive function and selective attention. Three 45-second trials are administered, 

during which the patient is shown a page with 100 written stimuli. During trial 1, a page 

of color words written in black ink is shown; in trial 2, a page with X’s written in 

different colored ink is shown; and in trial 3, a page with color words written in a colored 

ink that does not match is shown. In trial 1, patients are instructed to read the words as 

quickly as they can in the allotted time, while in trials 2 and 3, patients are instructed to 

say the color of the ink the X’s or words are written in as quickly as they can. Total 

scores are the total number of words or colors said correctly in 45 seconds, and T-scores 

are calculated from normative data stratified by age and years of education. The T-score 
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for the color-word performance (trial 3) will be used in analyses for this study (Golden & 

Freshwater, 2002). Although an interference score, derived by subtracting the color-word 

score from the color-word predicted score, is often utilized, this score may be less ideal 

than the color-word score when examining performances with questionable validity, as 

the interference score essentially controls for time spent on the task (Egeland & 

Langfjaeran, 2007). 

 Performance Validity Tests (PVTs) 

 This study included 5 commonly used stand-alone and embedded PVTs during 

the neuropsychological assessment. Standard, conservative cut-scores will be used in 

these analyses to determine pass or fail of PVTs (summarized in table 3), yielding a 

number of PVTs failed per individual. 

 Word Memory Test (WMT; computerized version). 

 The WMT has a forced-choice paradigm in which patients are tested on word 

recognition. Two learning trials consisting of 20 pairs of semantically related words are 

administered, followed by an immediate recognition trial where patients must 

discriminate previously seen words from foils. A delayed recognition trial in a similar 

format to the immediate recognition trial is administered after 30 minutes. A consistency 

score is calculated based on the number of words recognized during both trials. A score at 

or below 82.5% accuracy on the immediate recognition trial, delayed recognition trial, or 

consistency score is considered a failure (Green, 2003). For analyses of severity of 

failure, a score at or below 60% accuracy (i.e., ≤24 out of 40 trials) will be considered at-

or-below chance level of performance based on the binomial distribution. 
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Test of Memory Malingering (TOMM). 

 The TOMM is a forced-choice test of recognition of line drawings of common 

objects. Patients are first shown 50 drawings one at a time, and then are asked to select 

the previously seen drawing among the correct drawing and a foil. A second trial is 

administered in the same fashion, with the same drawings presented in different order. A 

retention trial is also administered following a 15-minute delay, during which patients are 

again tested on recognition of the drawings, however this time without first being shown 

the drawings. Typically, performance is considered invalid if scoring at or below 44 out 

of 50 correct on Trial 2 (Tombaugh, 1996). However, there is evidence that using a cut-

score of ≤40 on Trial 1 of the TOMM (TOMM T1) yields higher sensitivity while 

maintaining high specificity compared to the former guideline (Denning, 2012). Since 

this study seeks to use more stringent criteria for pass or fail designation on validity 

measures, the cut-score of ≤40 out 50 correct on TOMM T1 will be used to determine 

failure on this PVT. For analyses of severity of failure on the TOMM T1, a score at or 

below 29 out of 50 will be considered at-or-below chance level of performance in 

accordance with the binomial distribution. 

 Reliable Digit Span from the Digit Span subtest of the WAIS-IV (RDS). 

 The RDS is an embedded measure of performance validity within the Digit Span 

subtest of the WAIS-IV, a test of verbal memory and working memory of digit strings.  

Digit strings are verbally administered beginning with just two-digit long strings, and 

increasing in stream length every two trials. First, the patient is instructed to verbally 

repeat the digit string in the same order presented (Forward). In the second part, patients 

are instructed to repeat the digit string in backward order (Backward; Wechsler, 2008). 
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RDS is calculated by summing the longest digit string performed correctly on two trials 

of the Forward and Backward trials (Greiffenstein, Baker, & Gola, 1994). An RDS cut-

score of 6 or less will be considered a failure on this PVT, as this cut-score has been 

shown to increase specificity rates compared to a less conservative cut-score of 7 or less 

(Schroeder, Twumasi-Ankrah, Baade, & Marshall, 2012). 

 CVLT-II, Forced Choice (CVLT-II FC). 

 The CVLT-II FC is a forced-choice PVT given as a delayed trial of the CVLT-II 

(please see neuropsychological measures section for more detail about this test). It is 

frequently used as a PVT in clinical settings because the CVLT-II is a commonly 

administered test. The Forced Choice Trial is administered after a 10-minute delay 

following the Delayed Recognition Trial. Patients are read 16 pairs of words, each pair 

containing a word from the original list as well as a foil. Patients are instructed to respond 

with the correct word that was in the original list (Delis et al., 2000). A cut-score of ≤14 

will be considered a fail on the CVLT-II FC. This task is considered to be relatively easy 

and has been demonstrated to be unrelated to verbal memory ability, and has been shown 

to be a relatively insensitive measure of performance validity (Larrabee, 2007). A cut-

score of ≤14 has been demonstrated to yield high specificity (93%) while maintaining 

greater sensitivity compared to a cut-score of ≤13 (44% compared to 36%; Root, 

Robbins, Chang, & Van Gorp, 2006), and will thus be the most ideal cut-score for the 

purpose of this study. 

  Rey Fifteen-Item Test (Rey-15). 

 The Rey-15 is a non-forced-choice PVT requiring visual shape recall and 

recognition. Patients are shown a page with 15 items (including letters, numbers and 
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shapes) for 10 seconds, then are asked to reproduce as many items on a piece of paper as 

possible by memory (Rey, 1964). Boone, Salazar, Lu, Warner-Chacon, & Razani (2002) 

added a recognition trial to improve sensitivity. The recognition trial requires the patient 

to correctly select the 15 items on a page with all items plus 15 foils. A combination 

score is then calculated by adding the total correct scores from the recall and recognition 

trials and subtracting the number of false positive errors from the recognition trial. In this 

study, a score of ≤19 will be considered a failing score on the Rey-15. 

Table 3. Summary of cut-scores for failure and chance-level failure on performance 
validity tests. 

PVT Cut-Score for PVT Failure 
Word Memory Test (WMT) ≤ 82.5%a 

Test of Memory Malingering, Trial 1 
(TOMM T1) ≤ 40b 

Reliable Digit Span (RDS) ≤ 6c 
California Verbal Learning Test-II,         
Forced Choice (CVLT-II FC) ≤ 14d 

Rey Memory for Fifteen Items Test (Rey-15) ≤ 19e 

a. Green (2003) 
b. Denning (2012) 
c. Schroeder, Twumasi-Ankrah, Baade, & Marshall (2012) 
d. Root et al. (2006) 
e. Boone, Salazar, Lu, Warner-Chacon, & Razani (2002)  

Self-Report Measures 

 Post-Traumatic Stress Disorder Checklist—Civilian (PCL). 

 The PCL is a 17-item self-report questionnaire assessing current levels of PTSD 

symptoms (Blanchard, Jones-Alexander, Buckley, & Forneris, 1996). Participants are 

asked to rate the subjective severity at which each symptom has been experienced on 

average over the previous month. The PCL was designed to reflect the symptoms 

included in the diagnostic criteria of the DSM-IV. The total score will be used as a 

measure of PTSD symptom severity. 
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 Neurobehavioral Symptom Inventory (NSI). 

 The NSI is a 22-item self-report measure of post-concussive symptoms (Cicerone 

& Kalmar, 1995). Participants rate the severity over the previous two weeks of symptoms 

classified as one of three types, including affective/psychological/stress, 

somatic/physical, and cognitive symptoms. This study will use the total score of the NSI 

as a measure of post-concussive symptom severity.  

 Pittsburgh Sleep Quality Index (PSQI). 

 The PSQI is a 10-item self-report measure assessing quality of sleep (Buysse, 

Reynolds, Monk, Berman, & Kupfer, 1989). This study will only utilize Item 4 from this 

measure, which assesses average number of hours of sleep per night, which has been 

demonstrated to relate specifically to health and psychological factors in combat-exposed 

veterans (Luxton et al., 2011). 

 Brief Pain Inventory Short Form (BPI). 

 The BPI is a self-report measure asking participants to rate their pain, including 

severity, relief of pain from medication, location of pain, and pain interference with 

activities (Cleeland & Ryan, 1994). This study will calculate a subjective pain 

interference score by averaging across ratings of pain interference with various activities, 

including general activity, interpersonal relations, sleep, enjoyment of life, and normal 

work (items 9a-9g).  
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Table 4. Order of all PVTs and neuropsychological and psychological tests administered. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Bolded text = tests included in data analyses for this study. 

Analyses  

In order for these analyses to be as clinically applicable as possible, 

neuropsychological performances will be examined by calculating Global Deficit Scores 

1. Clinical Interview 
2. Mayo-Portland Adaptability Inventory—Participation Index (MPAI) 
3. WMT 
4. WAIS-IV Digit Span (Reliable Digit Span) 
5. WAIS-IV Symbol Search 
6. WAIS-IV Visual Puzzles  
7. Headache Impact Test – 6 (HIT-6) 
8. WMT (Delay) 
9. WCST 
10. Deployment Risk and Resilience Inventory (DRRI), Unit Support and Post-

Deployment Support Sections 
11. CVLT-II, Trials 1-5, List B, Short Delay Free Recall (SD), SD Cued Recall 
12. TOMM (Trials 1 and 2) 
13. CWIT 
14. CVLT-II, Long Delayed Recall (LD) 
15. Trails A 
16. Trails B 
17. Pittsburgh Sleep Quality Index (PSQI) 
18. ASSIST 
19. CVLT-II FC 
20. Brief Pain Inventory (BPI) 
21. WAIS-IV Coding 
22. Rey-15 
23. FAS 
24. Animals 
25. Neurobehavioral Symptom Inventory (NSI) 
26. Wide Range Achievement Test 4 (WRAT-4) 
27. Post-traumatic Stress Disorder Checklist-Civilian Version (PCL-C) 
28. Satisfaction with Life Scale 
29. PASAT 
30. Minnesota Multiphasic Personality Inventory-2 (MMPI-2) 



UTILITY OF NEUROPSYCHOLOGICAL DATA WITH PVT FAILURES 

 

26 

(GDS), as described by Heaton et al., (1995). GDS is calculated by converting 

standardized scores into deficit scores, with greater weight attributed to performances of 

greater deficit, and lesser weight to performances falling within the average range or 

better (i.e., within normal limits, WNL). Deficit scores will then be averaged together 

across all 11 neuropsychological measures to calculate an individual’s GDS.  It has 

previously been shown that a GDS ≥ .5 is predictive of overall impairment, and indicative 

of impaired performance on at least half of neuropsychological measures. Because of 

this, individuals with a GDS ≥ .5 will be classified as “Impaired,” while those with a 

GDS < .5 will be categorized as falling within normal limits (WNL). 

Participants will be categorized into a “pass” or “fail” group based on the number 

of PVTs failed, using a cutoff of between 1 PVT fail (i.e., any PVTs failed) and 4 PVT 

fails (at least 4 out of 5 PVTs failed) to be classified as in the fail group. As these 

analyses will be contrasting PVT pass and fail at different cutoffs, some individuals with 

test performance considered a pass at a lower PVT fail cutoff will be placed in the fail 

group when using a higher PVT fail cutoff. Due to the likelihood of decreased group 

sizes as the number of PVT fails increases (Berthelson, Mulchan, Odland, Miller, & 

Mittenberg, 2013) which was found in a previous study utilizing this patient sample 

(Proto et al., 2014), individuals failing many-to-all PVTs will be categorized together to 

allow for more similar group sizes (i.e., individuals failing 4 or 5 PVTs grouped as 4+ 

PVT Fails). This will result in PVT Fail cutoffs split by those failing ≥1, ≥2, ≥3, or ≥4 

PVTs to determine invalid test performance. 
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GDS by Performance Validity. 

The relationship between invalid test performance and WNL performance will be 

analyzed at each cutoff for number of PVT fails by calculating chi-square (χ2) 

distributions. This will address the hypothesis that global neuropsychological 

performance is significantly related to performance validity. False-positive rates will be 

calculated to assess the power of these relationships, addressing the hypothesis that lower 

cutoffs for number of PVT fails will yield more false positives than more stringent 

cutoffs. McNemar’s tests (χ2) will be conducted to determine significant differences 

between false positive rates, correcting for continuity in cases of small group sizes (i.e., 

N≤20; Edwards, 1948). To determine if demographics, psychiatric, or injury 

characteristics are correlated with test invalidity, Kendall’s tau b (τ) will be calculated at 

each PVT cutoff. Additional analyses will examine for significant correlations between 

GDS and demographic, psychiatric, and affective variables among those with 2+ PVT 

fails. Finally, confirmatory post-hoc analyses will be conducted using Wilcoxon rank-

sum tests, determining if there was a significant difference in GDS between 

neuropsychologically WNL individuals who either passed or failed PVTs, at each PVT 

cutoff. 

GDS by Severity of PVT Failure. 

Global neuropsychological impairment will also be examined by severity of 

failure on the WMT and the TOMM Trial 1, addressing the relationship between GDS 

and severity of PVT failure. This study will assess for differences in likelihood of 

performing at globally impaired levels on neuropsychological tests when a PVT is 

passed, failed above chance level, failed at-or-below chance level. Although below 
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chance performance has more frequently been used as a cut point in analyzing severity of 

PVT failure, the frequency of below chance performance on forced-choice PVTs is much 

lower than the frequency of performances below typically used cut-scores, decreasing 

sensitivity and limiting the utility of this classification scheme in statistical models 

(Greve et al., 2009). Taking this issue into account, this study will utilize a cut point of 

at-or-below chance level. 

Separate analyses will be performed for the TOMM and the WMT. As a result, 

failure severity groups may differ in terms of where individuals are placed as some 

individuals may perform at different levels of severity between tests. The “pass” group 

will be based on typically used cut-scores for the WMT (passing score >82.5%) and the 

TOMM T1 (passing score >40; see Table 2 for a summary of PVT cut-scores). Failure 

below cut-score but above chance-level will be scores below pass but above the upper 

limit of chance-level according to the binomial distribution (WMT: ≥62.5%; TOMM: 

≥30). Failure at-or-below chance-level will include all patients with a score falling below 

the cut-score group (i.e., WMT: ≤60%; TOMM: ≤29). 

Additional analyses will examine the occurrence of WNL neuropsychological 

performance despite greater severity of PVT failure. The relationship between PVT 

failure severity and WNL neuropsychological performance will be examined when using 

typical cut-scores to denote PVT failure and when using performance at-or-below chance 

level to denote PVT failure. It is hypothesized that individuals who fail PVTs at-or-

below-chance level will be less likely to perform WNL on the neuropsychological 

battery. It is predicted that some individuals failing PVTs at-or-below chance level will 

still perform WNL on the neuropsychological battery. The results of this study will 
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provide clinicians a reference for making informed decisions about whether continued 

testing is likely to produce clinically meaningful data when there is objective evidence of 

performance invalidity.  

The relationship between severity of PVT failure and globally impaired 

neuropsychological performance will be analyzed by calculating chi-square (χ2) 

distributions between test invalidity and impairment designations. It is expected that 

some individuals failing PVTs at-or-below chance level will still perform WNL on the 

neuropsychological battery.  This will address the hypothesis that individuals who fail 

PVTs at-or-below-chance level will be less likely to perform WNL on the 

neuropsychological battery. False-positive rates will be calculated to assess the power of 

these relationships, addressing the hypothesis that greater severity of PVT failure will 

yield smaller false positive rates. The significance of the differences between these false-

positive rates will be assessed with McNemar’s tests(χ2) with continuity corrections for 

comparisons with small group sizes. To determine if demographics, psychiatric, or injury 

characteristics are correlated with test invalidity, Kendall’s tau b (τ) will be calculated at 

each PVT cutoff. Finally, Wilcoxon rank-sum tests will be calculated to determine 

whether there was a significant difference in GDS between neuropsychologically WNL 

individuals who either passed or failed PVTs, at each severity cutoff. Finally, 

confirmatory post-hoc analyses will be conducted using Wilcoxon rank-sum tests, 

determining if there was a significant difference in GDS between neuropsychologically 

WNL individuals who either passed or failed PVTs, at each PVT failure severity cutoff. 
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Results 

GDS by Performance Validity 

  There were no significant relationships between test invalidity and 

demographics or injury characteristics regardless of PVT cutoff (see Table 5). However, 

statistically significant relationships were found between test invalidity and psychiatric 

symptom self-reports at all PVT cutoffs, excluding self-reported subjective pain ratings at 

1+ PVT cutoff (τ=.09, p=.12). These significant correlations were in expected directions, 

with those failing PVTs at each cutoff reporting greater levels of post-concussive 

symptom burden (range of τ=.24–.33), PTSD symptom severity (range of τ=.23–.28), and 

subjective pain ratings (range of significant τ=.15–.23). Individuals failing PVTs at each 

cutoff reported fewer hours of sleep per night on average (range of τ=-.16– -.23). Follow-

up analyses were conducted to determine if demographic, psychiatric, and affective 

symptoms were correlated with having WNL or impaired GDS among those with 2 or 

more PVT fails (n=71). As demonstrated in Table 6, demographic and injury 

characteristics were found to not significantly correlate with GDS impairment. Among 

psychiatric symptoms, GDS impairment was found to be significantly more associated 

with higher levels of reported PTSD symptoms on the PCL, τ = .24, p < .05, as well as 

with higher levels of reported post-concussive symptom burden, τ = .21, p < .05. This 

meant that among individuals with 2 or more PVT fails, those with an impaired GDS 

were significantly more likely to have reported higher levels of post-concussive symptom 

burden and PTSD symptoms. 
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Table 5. Kendall’s tau b (τ) correlations between demographics and injury and 
psychiatric characteristics with PVT failure cutoffs. 

  1+ PVT 
Fails  

2+ PVT 
Fails  

3+ PVT 
Fails  

4+ PVT 
Fails  

Age 0.1 0.04 -0.02 0.1 
Education -0.05 -0.06 -0.05 0.02 
Time Since Most Recent 
TBI -0.13 -0.11 -0.15* -0.13 

History of LOC (yes/no) 0.06 -0.03 -0.01 -0.01 
Post-concussive symptom 
burden (NSI) .28** 0.29** 0.33** .24** 

Average hours slept per 
night (PSQI)  -0.23**  -0.18**  -0.18**  -.16* 

PTSD symptom severity 
(PCL) .25**  0.23**  0.27**  0.28** 

BPI Subjective Pain Rating 0.09  0.17**  0.23**  0.15* 
*p<.01, **p<.001 

Table 6. Kendall’s tau b (τ) correlations between demographics and injury and 
psychiatric characteristics and WNL or impaired GDS among those with 2+ PVT fails. 
 Correlation Coefficient (τ) with WNL/Impaired 

GDS Score (n=71) 
Age -0.15 
Education -0.14 
Time Since Most Recent TBI 0.16 
History of LOC (yes/no) -0.01 
Post-concussive symptom burden 
(NSI) 0.21* 

Average hours slept per night 
(PSQI) -0.18 

PTSD symptom severity (PCL) 0.24* 
BPI Subjective Pain Rating 0.06 
*p < .05 
Note: Due to the method of coding  GDS for statistical analyses (i.e., WNL GDS=0, 
Impaired GDS=1), a positive correlation between a self-reported symptom score and 
GDS would imply directionality towards impaired GDS with higher level of reported 
symptom severity. 
 
 The rates of failure for each PVT are presented in Table 7, stratified by rate of 

failure at each number of PVTs failed. Overall, the PVT with the highest failure rate was 

the WMT, followed by TOMM T1, CVLT-FC, RDS, and the Rey-15. The WMT and 

TOMM T1 consistently yielded higher rates of failure than the other 3 PVTs across fail 
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groups at each PVT fail cutoff. As expected, differences in pass and fail group sizes 

increased with PVT fail cutoff, with fewer individuals in the fail group as PVT fail 

cutoffs became more stringent. 

Table 7. PVT failure rates by cutoff group. 
  Overall rate 

(N=177) 
1 PVT Fail 

(n=49) 
2 PVT Fail 

(n=33) 
3 PVT Fail 

(n=24) 
4+ PVT Fail 

(n=14) 
WMT n=104 

(58.8%) 
n=34 

(69.4%) 
n=33 

(100%) 
n=23 

(95.8%) 
n=14 

(100%) 
TOMM T1 n=76 

(42.9%) 
n=9 

(18.4%) 
n=31 
(93.9) 

n=22 
(91.7%) 

n=14 
(100%) 

CVLT-FC n=31 
(17.5%) 

n=0 
(0%) 

n=1 
(3.1%) 

n=16 
(66.7%) 

n=14 
(100%) 

RDS n=21 
(11.9%) 

n=4 
(8.2%) 

n=0 
(0%) 

n=9 
(37.5%) 

n=14 
(100%) 

Rey-15 n=14 
(7.9%) 

n=2 
(4.1%) 

n=1 
(3.1%) 

n=2 
(8.3%) 

n=14 
(100%) 

 The distributions of individuals with valid or invalid test performance at each 

PVT cutoff with impaired or WNL GDS are presented in Table 8. As predicted, there was 

a significant relationship between test invalidity and overall neuropsychological 

impairment at each PVT cutoff. The power of these relationships was determined by 

calculating false positive rates, under the assumption that placement in the PVT fail 

group typically predicts impaired GDS performance. Therefore, false positive rates were 

the rate of WNL GDS performances among individuals in the PVT fail group at each 

cutoff, and greater false positive rates were interpreted to mean a greater level of power 

in the relationship between PVT performance and GDS at a given PVT fail cutoff. There 

was an inverse relationship between false positive rates and PVT cutoff, with high false 

positive rates at 1+ and 2+ PVT cutoffs, a moderately high false positive rate at 3+ PVT 

cutoff, and a low false positive rate at 4+ PVT cutoff. Essentially, this was interpreted to 

mean that there was a high likelihood of an individual performing WNL across 
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neuropsychological measures despite placement in the PVT fail group at the 1+ and 2+ 

cutoff, and a decreasing likelihood of WNL performance as PVT fail cutoff raised to 3+ 

and subsequently 4+ PVT fails. McNemar’s tests (χ2) demonstrated that the differences 

between all false positive rates were statistically significant, confirming that the co-

occurrence of WNL GDS with performance invalidity decreased continuously as number 

of PVT fail cutoff increased (see Table 9). 

Table 8. Number of individuals with impaired or WNL GDS scores by PVT fail cutoffs. 

  
 

Impaired WNL Total 
False Positive 

Rate^ 

Chi-Square 

(χ2) 

1+PVT Cutoff 
Pass 8 52 60 

63.25% 10.61* 
Fail 43 74 117 

2+PVT Cutoff 
Pass 21 88 109 

55.88% 12.61** 
Fail 30 38 68 

3+PVT Cutoff 
Pass 31 110 141 

44.44% 15.76** 
Fail 20 16 36 

4+PVT Cutoff 
Pass 40 123 163 

21.43% 18.35** 
Fail 11 3 14 

*p<.01, **p<.001 
^False positive rates were calculated as the number of individuals with WNL GDS 
performances divided by the number of individuals in the PVT fail group at each cutoff 
(e.g., 1+ PVT Cutoff False Positive Rate = 74/117 = 63.25%). 
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Table 9. Comparison of false Positive rates between number of PVT fail cut-offs. 
		 2+ Fails 3+ Fails 4+ Fails 

1+ Fail 11.57** 37.38** 65.47** 

2+ Fails 
	

8.96* 29.88** 

3+ Fails 
	 	

7.58*^ 

* p<.01, **p<.001 
^Continuity correction applied due to small group sizes (i.e., N≤20; Edwards, 1948). 
 
 Wilcoxon rank-sum tests were calculated as a nonparametric confirmatory 

measure to determine if individuals in “PVT fail/WNL GDS” groups with WNL GDS 

had a GDS closer to the .5 cut-score denoting impairment (i.e., higher GDS) compared to 

GDS of those in “PVT pass/WNL GDS” groups. In these analyses, the null hypothesis of 

the Wilcoxon rank-sum test would be that no significant difference in GDS was found 

between individuals in the “PVT pass/WNL GDS” group and individuals in the “PVT 

fail/WNL GDS” group. The results of these analyses were statistically significant at the 

1+ PVT fail cutoff, meaning the GDS among individuals in the “1+ PVT pass/WNL 

GDS” group (Med=.08) was significantly lower than the GDS among individuals in the 

“1+ PVT fail/WNL GDS” group (Med=.19), suggesting that failure of 1+ PVTs was 

related to more impaired GDS even when GDS was WNL, Ws = 2606.5, z = -3.5, p < 

.001 ,r = − .31. However, at cutoffs of 2+, 3+, or 4+ PVT fails, these relationships were 

found to be not significant, suggesting that GDS at these higher number of PVT fail 

cutoffs was similar for WNL individuals regardless of placement in the PVT pass or fail 

group, 2+ PVT Fail Cutoff: Ws = 5242, z = -1.9, ns, r = -.17; 3+ PVT Fail Cutoff: Ws = 

6779, z =    -1.544, ns, r = -.14; 4+ PVT Fail Cutoff: Ws = 7792.5, z = -.30, ns, r = -.03. 
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GDS by Severity of PVT Failure 

 Similar to the results of Kendall’s tau b (τ) correlations between number of PVT 

fail groups, psychiatric and behavioral measures were significantly correlated except for 

that between the TOMM at cut-score with average hours slept per night. Age was 

significantly correlated with WMT groups at cut-score, meaning older age was correlated 

with WMT failure at cut-score. Upon closer analysis of this relationship, it was found that 

the difference in mean age between those who passed vs. failed the WMT using the 

typical cut-score was 2.1 years (Pass: M = 30.25 years, SD = 6.1; Fail: M = 32.3 years, 

SD = 6.4), therefore this correlation is likely not due to any difference in neurological 

functioning between groups. Time since most recent TBI was significantly related to 

WMT failure groups at cut-score, meaning less time since the most recent TBI was 

correlated with WMT failure at cut-score (see Table 10). 

Table 10. Kendall’s tau b (τ) correlations of PVT fail severity with demographics and 
injury and psychiatric characteristics. 

 TOMM T1 WMT 
 

Cut-Score 
Fail (n=177) 

At-or-Below 
Chance Fail 

(n=143) 

Cut-Score 
Fail (n=177) 

At-or-Below 
Chance Fail 

(n=122) 
Age .08 -.01 .13* .14 

Education -.01 .04 -.03 -.06 

Time Since Most Recent TBI -.05 .00 -.18* -.17 

History of LOC -.02 .101 .00 -.03 

NSI (Total) .31** .25** .32** .47** 
Average hours slept per 
night -.12 -.16* -.25** -.31** 

PCL (Total) .28** .24** .31** .48** 
BPI Subjective Pain Rating .18** .16* .13* .21** 

*p<.01, **p<.001  
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 As shown in Table 11, there was a statistically significant relationship between 

GDS groups and WMT and TOMM severity groups when using typical cut-scores, as 

well as when using at-or-below chance or below chance to denote PVT failure. A higher 

false positive rate was associated with greater likelihood of an individual having a WNL 

GDS despite failing a PVT at a given level of severity. Among severity of PVT failure 

analyses, the highest false positive rate for WMT failure was determined by the typically 

used cut-score (i.e., 60.4% of individuals failing the WMT at the typical cut-score had a 

GDS that was WNL). Moderately high false positive rates were also found for WMT at-

or-below chance level (47.83%), which was in fact slightly higher than the false positive 

rate for TOMM T1 when fail was at cut-score (46.8%). A moderate false-positive rate 

was also found when using at-or-below chance level to denote failure on the TOMM T1 

(38.46%). This meant that failing the WMT at the typically-used cut-score yielded a high 

likelihood that GDS would still be WNL, while failing the WMT at-or-below chance 

level and failing the TOMM T1 at the typically-used cut-score were nearly equivalent in 

the likelihood that of WNL GDS co-occurring, and failure of the TOMM T1 was 

relatively less likely to co-occur with WNL GDS. McNemar’s tests demonstrated that the 

differences in false positive rates at each level of failure severity for the WMT reached 

statistical significance, meaning false positive rates were significantly smaller as failure 

severity increased to at-or-below chance and below-chance levels, successively. For the 

TOMM T1, the false positive rate when failure was at typical cut-score was significantly 

higher than among those who failed either at-or-below chance level or below chance 

level. However, there was no significant difference between false positive rates at-or-

below chance level compared to below chance level (see Table 12). 
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Table 11. PVT failure severity and GDS. 
  

Impaired WNL Total 
False Positive 

Rate^ 

Chi-Square 

(χ2) 

WMT 

Pass 11 65 76 
60.4% 13.35* 

Cut-Score Fail 40 61 101 

Pass 11 65 76 

47.8% 16.54* At-or-Below 

Chance Fail 
24 22 46 

Pass 11 65 76 

50.0% 7.37* Below Chance 

Fail 
5 5 10 

TOMM 

T1 

Pass 26 104 130 
46.8% 18.54** 

Cut-Score Fail 25 22 47 

Pass 26 104 130 

38.5% 7.33* At-or-Below 

Chance Fail 
8 5 13 

Pass 26 104 130 

25.0% 6.92* Below Chance 

Fail 
3 1 4 

*p<.01, **p<.001 
^False positive rates were calculated under the assumption that placement in the PVT fail 
group typically predicts impaired GDS performance. Therefore, false positive rates were 
the rate of WNL GDS performances among individuals in the PVT fail group at each 
cutoff. 
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Table 12. McNemar’s comparisons (χ2) of false positive rates by PVT failure severity. 

 

WMT TOMM T1 
At-or-Below 

Chance 
Below 
Chance 

Cut-
Score 

At-or-Below 
Chance 

Below 
Chance 

WMT 

Cut-Score 18.33** 47.52** 18.33** 47.52** 58.06** 
At-or-Below 
Chance  10.70* 0.00 10.70* 19.17** 

Below 
Chance   10.70* 0.00^ 1.50^ 

TOMM T1 
Cut-Score    10.70* 19.17** 
At-or-Below 
Chance     1.50^ 

* p<.01 
** p<.001 
^Continuity correction applied due to small group sizes (N≤20; Edwards, 1948). 
 
 As was done with the number of PVT fail analyses, Wilcoxon rank-sum tests 

were calculated as a nonparametric confirmatory measure to determine if individuals in 

“PVT fail/WNL GDS” groups with WNL GDS had a GDS closer to the .5 cut-score 

denoting impairment (i.e., higher GDS) compared to GDS of those in “PVT pass/WNL 

GDS” groups at each level of severity. The comparison demonstrated that the “WMT cut-

score pass/WNL GDS” group (Med. = .09) was significantly lower than the GDS of those 

in the “WMT cut-score fail/WNL GDS group” (Med. = .18), Ws =  5328.5, z = -4.3, p < 

.001, r = .38. A similar, statistically significant relationship was demonstrated when 

comparing the GDS of the “WMT at-or-below-chance pass/WNL GDS” group (Med.= 

.09) with the “WMT at-or-below-chance fail/WNL GDS” group (Med. = .15), Ws = 

10552.5, z = -3.7, p < .001, r = .33. Among the analyses using the TOMM T1 results, 

GDS of those in the “TOMM T1 cut-score pass/WNL GDS” group (Med. = .13) was 

significantly lower than GDS of the “TOMM T1 cut-score fail/WNL GDS” group (Med. 

= .18), Ws = 10299.5, z = -4.3, p < .001, r = .38. This was also the case in comparing the 

“TOMM T1 at-or-below-chance level pass/WNL GDS” group (Med. = .13) with the 
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“TOMM T1 at-or-below-chance level fail/WNL GDS” group (Med. = .15),                   

Ws = 14100.5; z = -2.8, p < .01, r = .25. These results suggested that failure of a PVT at 

each severity level was related to higher GDS, even at sub-impaired levels. 

Discussion 

 This study sought to examine the frequency of individuals performing WNL on 

neuropsychological measures despite evidence of performance invalidity, keeping in 

mind the notion that WNL performance allows for rule-out of frank impairment even 

when PVTs are failed. It was demonstrated that even with multiple PVT failures, there 

were still moderate-to-high rates of individuals performing WNL despite as many as 2 or 

3 PVT failures. When looking at individuals failing 4 or more PVTs, 21.43% of those 

individuals still performed WNL across neuropsychological measures, which some 

clinicians may deem as sufficient evidence for continuing testing regardless of any PVT 

failures. 

 Although worsening GDS scores were seen among those failing 1 or more PVT 

compared to those passing all PVTs (i.e., at 1+ PVT fail cutoff), the moderately high rate 

of WNL GDS co-occurring with failure of any PVT (63.25%) and generally high rate of 

PVT failure regardless of GDS (117/177, or 66%, failed at least 1 PVT) seemed to rule 

out stopping testing after a single PVT failure. This finding, that the majority of 

individuals failing at least 1 PVT performed WNL on neuropsychological measures, 

replicates results from the previous study by Jak, et al. (2015). In addition, the current 

study extended those findings to demonstrate that a cutoff of 2+ PVT fails also resulted in 

a majority of individuals in the fail group performing WNL across the 

neuropsychological battery (55.88%). This provides evidence supporting the hypothesis 
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that a 2+ PVT fail cutoff was also too stringent to justify ending a neuropsychological 

assessment early. As PVT fail cutoffs increased to 3+ and 4+ PVT fails, the likelihood of 

WNL performance dropped increasingly. This relationship supported the hypothesis that 

WNL neuropsychological performance would be less frequent among individuals who 

failed more PVTs, as has been demonstrated previously in the literature (Meyers et al., 

2011). The fact that all the differences in rates of WNL GDS between number of PVT 

fail cutoffs reach statistical significance also supported that this relationship was 

continuous in nature, with WNL GDS decreasing in likelihood as PVT fails increased. 

However, the rates of WNL performance despite PVT fails at these cutoffs could still be 

deemed substantial enough to support the utility of continuing testing despite a number of 

PVT failures falling within these ranges. 

 The hypothesis that GDS and PVT failure severity would be significantly related 

was supported by the results for both the WMT and the TOMM T1. Although WNL GDS 

was less likely to co-occur with PVT failure when using at-or-below chance or 

significantly-below chance level to denote test invalidity rather than typical cut-scores, 

these rates were higher than perhaps expected for both the WMT (at-or-below chance: 

47.8%; below chance: 50.0%) and the TOMM T1 (at-or-below chance: 38.5%; below 

chance: 25%) given the severity of poor performance required to fail within these ranges. 

In addition, there was no significant difference between rates of WNL GDS when failing 

the TOMM T1 at-or-below chance level compared to significantly below chance level, 

the rate of WNL performance co-occurring with at-or-below chance level failure of the 

WMT was slightly higher than the rate of TOMM T1 failure at the typical cut-score 

(46.8%), and slightly lower than rate of WNL GDS when failing significantly below 
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chance level (50.0%). This could potentially suggest that failure as severe as below-

chance level performance on a PVT should not be treated differently than failure below 

typical cut-scores but above chance level when deciding if continuing neuropsychological 

testing is warranted.  

 Analyses for both number of PVT failures and severity of PVT failure showed 

significant correlations with psychiatric and affective variables, including post-

concussive symptom severity, hours of sleep per night, PTSD symptom severity, and 

subjective pain ratings. In addition, analyses of individuals with 2 or more PVT failures 

showed a significant relationship between having impaired GDS and higher reported 

levels of PTSD and post-concussive symptom burden, which may in part reflect previous 

evidence of a relationship between psychiatric symptoms and both PVT failures (Jak et 

al., 2015) as well as neuropsychological impairment (Vasterling et al., 2002). Curiously, 

a significant correlation between older age and WMT failure was found when using the 

typical cut-score. It is unclear how this should be interpreted, but since closer inspection 

of this difference revealed that WMT pass and fail groups at typical cut score differed in 

age by only 2.1 years, it is unlikely that this correlation is due to a difference in 

neurological functioning. It is possible that this effect is merely incidental and might not 

be replicated.  

 The results of this study not only supported the initial study hypotheses, they did 

so in agreement with previous PVT literature. Most of the literature forming the 

foundation for this study sought to identify when evidence of invalid neuropsychological 

performance exists due to PVT failures. This study did not refute previous findings 

suggesting a relationship between poor neuropsychological performance and PVT 
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failures. Rather, this study demonstrated the potential utility of neuropsychological test 

results despite the co-occurrence of test invalidity. 

 Limitations 

 Several limitations are worth noting in examination of this study. This was a 

relatively homogenous sample in terms of demographics; participants were more likely to 

be Caucasian, male, around age 30, and had a high school or higher level of education. In 

addition, injury characteristics were fairly similar across the sample. Resultantly, the 

generalizability of this study is not known in terms of other clinical neuropsychological 

populations. This study sample yielded a PVT fail rate that was similar to other studies of 

patients with history of mTBI (Greve et al., 2009), which is typically higher than the PVT 

fail rate of patients with other neurological etiologies (Green et al., 2001). 

 Additionally, diagnostic information was not provided regarding medical or 

psychiatric comorbidities aside from information relating to exclusionary criteria (i.e., 

history of diagnosis of a psychotic disorder), and lacked some self-report measures that 

may be pertinent with this population (e.g., depression and anxiety questionnaires). This 

study was also susceptible to the issue of determining mTBI history and characteristics, 

which requires self-reported accounts of injuries frequently occurring several years prior 

to testing. While this is an unavoidable issue when assessing for mTBI history, this study 

closely adhered to ACRM diagnostic criteria, the gold standard empirically supported 

diagnostic method for this type of injury. However, it should be cautioned that the results 

of this study were not meant to provide insight into neuropsychological deficits 

associated with mTBI, despite this being the study population. Because the purpose of 

this study was not to assess cognition among veterans with mTBI history, there was no 
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comparison group of individuals without a history of mTBI, so the presented results 

should not be used to make conclusions of this nature. Another limitation to this study is 

the lack of baseline measurements of neuropsychological functioning. This study did not 

have access to prior neuropsychological assessments and it is likely that most individuals 

participating did not have testing prior to their injuries, and the lack of this data decreases 

the certainty of attributing neuropsychological deficits to history of mTBI. 

 In addition, post-hoc Wilcoxon rank-sum tests demonstrated that among WNL 

individuals (i.e., GDS < .5), individuals passing all PVTs had a significantly lower 

median GDS than those who failed at least 1 PVT. Similarly, analyses also revealed that 

among WNL individuals, those who passed the WMT or TOMM T1 had a significantly 

lower median GDS compared to those who failed those PVTs at either typical cut-scores 

or at-or-below chance level. These results could be seen as evidence that utilizing a .5 

GDS cut-score is not adequate in parsing impaired from WNL neuropsychological 

performances. However, when reviewing the median GDS of pass and fail groups in 

these analyses (presented in the Results section), it appears that the fail groups’ relatively 

higher GDS was still within close range to those in the pass groups. This may suggest 

that impaired neuropsychological performance as it relates to PVT performance is better 

suited to a continuous rather than group-based comparison. 

 Implications 

 Due to the prevalence of WNL GDS scores co-occurring with even severe levels 

of PVT failure, these results support the continuation of neuropsychological testing 

despite the occurrence of more severe levels of failure on PVTs. These findings may be 

utilized as evidence for clinicians that even when PVTs have been failed, gathering 
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comprehensive neuropsychological data may nonetheless be clinically useful. As was 

previously discussed, neuropsychological performance can at the very least serve as a 

marker of a patient’s potential level of performance, regardless of the influence of 

performance invalidity or presence of multiple PVT failures. These results do not change 

the fact that the presence of PVT failures impedes a clinician’s ability to meaningfully 

comment on impaired neuropsychological performances. However, this study 

demonstrates that by continuing to collect neuropsychological data in the context of PVT 

failure, there is still an opportunity to rule out frank impairment. 

 While replication of these results in other clinical populations may be warranted 

to aid in generalizability, this demonstration of relatively high rates of WNL 

neuropsychological performance despite the co-occurrence of multiple PVT failures and 

severe levels of PVT failure is a generally useful contribution to neuropsychological 

assessment literature. To the author’s knowledge, the co-occurrence of WNL 

neuropsychological performance with PVT failure has not been directly investigated or 

commented upon in the greater PVT literature, despite being evident upon close 

examination of results sections of prior studies. This study, therefore, may be novel in its 

consideration of this topic, and may have implications for the recommendations provided 

to neuropsychologists regarding the interpretation of WNL neuropsychological 

performance despite evidence of performance invalidity. 
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