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Abstract

Objective: The current study examined the effects of applying various performance validity test
(PVT) failure criteria on the relationship between cognitive outcomes and posttraumatic stress
(PTS) symptomology.

Method: One hundred and ninety-nine veterans with a history of mild traumatic brain injury
referred for clinical evaluation completed cognitive tests, PVTs, and self-report measures of post-
traumatic stress symptoms and symptom exaggeration. Normative T-scores of select cognitive tests
were averaged into memory, attention/processing speed, and executive functioning composites.
Separate one way analyses of variance assessed differences among high PTS (n = 140) versus low
PTS (n =59) groups and were repeated excluding participants based on varying combinations of
PVT failure criteria.

Results: When no PVTs were considered, the high PTS group demonstrated worse performance
across all three cognitive domains. Excluding those who failed two or more standalone, or two or
more embedded validity measures resulted in group differences across all cognitive composites.
When participants were excluded based on failure of any one embedded and any one standalone
PVT measure combined, the high PTS group performed worse on the executive functioning

and attention/processing speed composites. The remaining three proposed methods to control

for performance validity resulted in null PTS - cognition relationships. Results remained largely
consistent after controlling for symptom exaggeration.

Conclusions: Methods of defining PVT failure can greatly influence differences in cognitive
function between groups defined by PTS symptom levels. Findings highlight the importance of
considering performance validity when interpreting cognitive data and warrant future investigation
of PVT failure criteria in other conditions.
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Clinical neuropsychology continues to evolve towards optimally valid and reliable
assessment of cognitive and emotional functioning, to assist in etiological clarification,
treatment planning, and functional prognosis of cognitive disorders. However, the integrity
and utility of a neuropsychological evaluation can be considerably limited when results
of cognitive testing are determined to be invalid. Variable and/or inadequate effort exerted
during the evaluation can reduce the reliability of cognitive data and is usually assessed
via performance validity tests (PVTs) which indicate whether results depict an accurate
representation of an examinee’s true abilities (Larrabee, 2012). Negative impression
management (i.e., over-reporting or magnification of cognitive, emotional, and physical
symptoms) has also been identified as a form of response bias and is evaluated using
symptom validity tests (SVTs; Larrabee, 2012).

The need for PVTs as part of a comprehensive neuropsychological evaluation has been

well articulated (Bush et al., 2005; Heilbronner et al., 2009); however, establishing
standardized protocols for implementing such procedures (including but not limited to

the types, number, and order of measures used) has proven to be a challenge. A 2015

survey of neuropsychologists found that nine out of ten neuropsychologists utilize embedded
or standalone PV Ts and administer four to six PVTs, on average (Martin et al., 2015).
However, in the event of discrepant PVT performance, there was variability in criteria for
identifying suboptimal engagement and procedural steps. For example, respondents varied
in their threshold for determining performance invalidity: 35% used a failure of two PVTs,
27% combined one failed PVT measure and one indicator of poor engagement outside of
validity testing (e.g. behavioral observations); and 10% of the sample reported reliance on
clinical judgement, failure of one well-established PVT, or a ratio of failed PVTs to number
administered as the criterion for identifying performance invalidity. Further, interpretation of
cognitive results varied depending on the type of PVT administered (i.e., embedded versus
standalone), such that when results from standalone and embedded validity measures were
incongruous, neuropsychological test data were more likely to be considered unreliable if
standalone PVTs were failed but embedded measures were passed, compared to when the
inverse was true (54% versus 23%; Martin et al., 2015).

When multiple PVTs are administered, it is most common for neuropsychologists to
conclude that cognitive data is unreliable when there is failure of =2 PVTs (Martin,
Schroeder, & Odland, 2015; Schroeder & Marshall, 2011). Although many studies support
the finding that >2 PVT failures results in excellent specificity (e.g. Chafetz, 2011; Larrabee,
2003; Meyers & Volbrecht, 2003; Sollman, Ranseen, & Berry, 2010), failure of one PVT
may convey important information in certain circumstances (Proto et. al., 2014). Lippa
(2018) concluded that when PVTs have been validated in samples similar to the population
of interest (and in the absence of significant neuropathology or other explanation for PVT
failures), clinicians should feel confident in their determination of invalid responding in
many cases when a single PVT is failed and in most cases when two or more PVTs
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are failed. Gaining a clearer understanding of the effects of specific PVT failure criteria
may have considerable implications for research on the relationship between cognition and
various neurologic and psychiatric conditions, especially where there is reason to suspect
higher base rates of performance invalidity.

The relationship between Post-Traumatic Stress Disorder (PTSD) and cognition has received
a great deal of attention and provides an important opportunity to explore the implications
of using various PVT failure criterion. Many studies have found that individuals with PTSD
perform significantly worse on measures of memory than those without (for a review,

see Vasterling & Brailey, 2005). These findings appear to persist after controlling for the
influence of attentional difficulties (Johnsen, Kanagaratnam, & Asbjgrnsen, 2008; Yehuda,
Golier, Tischler, Stavitsky, & Harvey, 2005). Other studies have concluded that PTSD is
also associated with poorer performance on tasks of immediate and sustained attention
(Vasterling et al., 2002), as well as measures of working memory (Brandes et al., 2002;
Jenkins et al, 1998, Vasterling et al., 1998, 2002), and phonemic and semantic fluency (Gil,
Calev, Greenberg, Kugelmass, & Lerer, 1990). The topic of test validity in these studies,
however, was largely unaddressed. It has been suggested that failure to formally assess
respondent validity may, in some cases, lead to the erroneous impression that PTSD is
associated with cognitive impairment and neurological changes (Rosen, 2006).

Addressing this concern, Sullivan and colleagues (2003) applied a cut-score of 45 on Trial
1 from the Test of Memory Malingering (TOMM) and found no significant differences

in cognitive performance among veterans with and without PTSD diagnoses. Similarly,
Demakis and colleagues (2008) reported that the severity of PTSD symptoms among

their large sample of Canadian litigants did not have any effect on cognitive ability after
individuals who failed PVTs were removed. In contrast, Marx et al., 2009 reported a
relationship between cognition and PTSD severity among a sample of active duty Army
members; however, it should be noted the authors applied a cut-score of 38 for the
TOMM Trail 1 to determine invalid performance, which may have resulted in an increased
number of false negatives among this relatively young (mean reported age of 25 years),
independently functioning sample (Denning, 2012; Martin et al., 2020).

The comorbidity between PTSD and Traumatic Brain Injury (TBI) has also received
increased attention. A 2010 examination of 13,201 US military administrative records
found that Veterans with positive TBI screens and confirmed TBI status were more

likely than those without confirmed TBI status to have diagnoses of PTSD, anxiety, and
adjustment disorders (Carlson, et al., 2010). Performance invalidity appears to at least
partially account for cognitive findings among these clinical groups. An investigation

of 142 active-duty service members evaluated following suspected or confirmed history
of mild traumatic brain injury (46% with comorbid anxiety/PTSD diagnoses) found that
PVT results accounted for the most variance in cognitive test scores, above demographic,
concussion history, symptom validity, and psychological distress variables (Armistead-Jehle,
Cooper, & Vanderploeg, 2015). Furthermore, Wisdom and colleagues (2013) examined
possible cognitive impairments correlated with PTSD among veterans with a history of
mild traumatic brain injury after excluding individuals who failed a single, well-validated
PVT. Results revealed that failure on the Word Memory Test (WMT) was associated with

Neuropsychology. Author manuscript; available in PMC 2024 January 01.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Tierney et al. Page 4

significantly poorer performance on almost all cognitive tests administered. Additionally, no
significant differences were detected between individuals with and without PTSD symptoms
after controlling for suboptimal effort (i.e., failure on the WMT).

Despite recognizing PVT failure is associated with significant declines in cognitive testing
performance, the question remains as to how research and clinical data should be interpreted
in the context of these findings, especially among samples where neurologic injury (and
therefore, cognitive dysfunction directly related to neurologic injury) is believed to be
relatively limited. While ample research has examined the classification accuracy of PVTs
and their cutoff criteria (e.g., at least two failures) in various samples, we are not aware

of any studies that have examined the influence of varying PVT failure criteria on the
interpretation of clinical relationships often assessed in neuropsychological evaluation (e.g.,
post-traumatic stress symptoms and cognition).

The purpose of the current study was to examine the effects of differing but commonly used
PVT failure criteria on the relationship between Post-Traumatic Stress (PTS) symptomology
and cognitive domains thought to be impacted in PTSD - specifically, attention/processing
speed, memory, and executive functioning. The relationship between cognition and PTS
symptoms was examined for demonstrative purposes among a sample of veterans with
history of mild traumatic brain injury (TBI), though the results should have broader
implications for other health conditions, especially those associated with elevated rates of
symptom invalidity. It was hypothesized that when no PV Ts were considered, significant
relations would be detected between cognition and PTS symptom level. Broadly speaking,
as PVT requirements varied by administration method (e.g., embedded versus standalone)
and number required to meet failure criteria (e.g., one versus two or more), it was
hypothesized that the observed relationship between PTS symptom level and cognition
would vary as well. We speculated that validity groupings with the most “strict” failure
criteria (e.g., PVT classification schemes that exclude relatively more participants) would
result in the greatest exclusion of participants and would be less likely to demonstrate
significant relations between PTS symptom level and cognition. In contrast, validity
groupings with “lenient” failure criteria (e.g., PVT classification schemes that exclude
relatively less participants) would result in the least exclusion of participants and therefore
would be more likely to demonstrate cognitive differences between individuals with low and
high PTS symptom levels (similar to incorporating no PVT).

Methods

Participants

The original study sample included 261 (Bodapati et al., 2019) veterans with a history of
mild TBI (mTBI) referred for clinical treatment and neuropsychological evaluation at one of
four Veterans Affairs (VA) hospitals and medical centers located in the Western, Southern,
and Midwestern United States. All participants completed a standard neuropsychological
assessment battery, which included administration of standalone (TOMM, WMT, Rey
Memory for Fifteen Items Test (MFIT)) and embedded PV Ts (California Verbal Learning
Test-Second Edition (CVLT-1I: Forced Choice (FC), Wisconsin Card Sorting Test (WCST):
Failure to Maintain Set (FTMS), Wechsler Adult Intelligence Scale -1V (WAIS-1V):
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Reliable Digit Span (RDS)), PTSD Checklist-Civilian version (PCL-C) and the Minnesota
Multiphasic Personality Inventory-2 (MMPI-2). This study was approved by the Institutional
Review Boards of all participating entities and informed consent was obtained prior to the
evaluation. All assessments (or evaluations) were performed by licensed psychologists or
trainees under the direct supervision of licensed psychologists and occurred between May
2011 and December 2013.

Information regarding loss of consciousness (LOC), confusion, or posttraumatic amnesia
(PTA) was obtained through a semi-structured interview modeled after the VA
Comprehensive TBI Evaluation (Belanger, Uomoto, & Vanderploeg, 2009), which was

then translated into TBI severity based on the American Congress of Rehabilitation
Medicine (American College of Rehabilitation Medicine, 1993) guidelines (Bodapati et

al., 2019; Head Injury Interdisciplinary Special Interest Group of the American Congress
of Rehabilitation, 1993). Veterans with a history of mTBI were included in the study, as
indicated by an external force to the head followed by 30 min or less of LOC, 24 hours or
less of PTA, or 24 hours or less of alteration in mental state. On average, the time between
most recent mTBI and clinical assessment was 63 months within the total sample. There
were no significant differences in the time from last reported injury between the high PTS
and low PTS symptom groups. Participants whose self-report did not meet criteria for mTBI
(n=41) as well as participants with incomplete MMPI-2 profiles (n= 4), or evidence of
inconsistent or fixed responding (failure of Variable Response Inconsistency; VRIN and
True Response Inconsistency; TRIN) scales (7= 7) were excluded from this investigation.
Data from participants missing any of the required PVT measures were also excluded (7
=10). The final study sample included 199 participants. The PCL-C (DSM-1V version;
Weathers, Litz, Huska, & Keane, 1994) was used to characterize high PTS and low PTS
symptom groups using a cut-score of 50 (e.g., Kang et. al., 2003, Tanielian & Jaycox, 2008).
Veterans who endorsed symptoms at a score of 50 or higher on the PCL-C were included

in the high PTS group (7= 140) and those scoring 49 or lower were classified as the low
PTS group (7= 59). There were no significant groups differences across sex, ethnicity,
branch of service, education, single word-reading scores or marital, student, or occupational
status. The low PTS (6/5/2022M = 33.47, SD = 8.05) group was slightly older than the

high PTS group (M= 31.30, SD = 6.39; p=0.04). Importantly, age adjusted normed scores
were used in composites and data analysis to minimize concerns for age effects. Participant
demographic data is shown in Table 1.

Cognitive functioning: All veterans were administered a standardized
neuropsychological battery. The Wide Range Achievement Test 4 (WRAT-4; Wilkinson &
Robertson, 2006) was included as a measure of global premorbid cognitive functioning (see
Table 1). Normative T-scores of select neuropsychological tests were averaged into three
composites of cognitive domains commonly thought to be affected by PTSD. Measured
domains and associated tests included: (1) memory - assessed via Trials 1-5 raw sum (Total
Learning, or TL), short delay free recall (SD), and long-delay free recall (LD), from the
CVLT-II (Delis, Kramer, Kaplan, & Ober, 2000) (2) attention/processing speed — assessed
via the WAIS-IV coding, symbol search, and digit span subtests (Wechsler, 2008) and Trail
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Making Test (TMT) Part A (Reitan & Wolfson, 1985) and (3) executive functioning —
assessed via TMT Part B, Stroop Color-Word Interference index (Golden & Freshwater
1978; Stroop, 1935), and total score for letter fluency (FAS; Gladsjo et al., 1999). Of note,
cognitive data for the CVLT-11 was normed using the CVLT-11 manual (Delis, Kramer,
Kaplan, & Ober, 2000; age and sex). Cognitive data for the WAIS-1V subtests was normed
using the WAIS-1V manual (Wechsler, 2008; age). Trail Making Test and Total Letter
Fluency were normed using Heaton Comprehensive Norms (Heaton et al.., 1991; age, sex,
race, education). Stroop data was normed with the manual (Golden & Freshwater 1978;
education and age).

Performance validity: The present study included a total of six standalone and embedded
performance validity measures. Standalone PVTs included the WMT (Green, 2003; Green,
Allen, & Astner, 1996), TOMM (Tombaugh,1996), and the MFIT (Rey,1964) recognition
trial. Embedded PVTs within the current study included the WCST (Heaton, Chelune,
Talley, Kay,& Curtiss, 1993) FTMS, WAIS-IV RDS (Greiffenstein, Baker,& Gola, 1994),
and the CVLT-Il FC. Recommended manual-based cut scores from primary scales/trials
were used for the WMT. Cutoff values for the TOMM (Trial 1 = 41 or less; Martin et

al., 2020), MFIT free recall and recognition combination score (Boone, Salazar, Lu, Warner-
Chacon, & Razani, 2002), RDS (6 or less; Greve, Bianchini, & Brewer, 2013; Meyers &
Volbrecht, 2003), WCST (FTMS = 3 or more; Greve & Bianchini, 2007; Greve, Heinly,
Bianchini, & Love, 2009), and CVLT-Il FC raw score (14 or less; Root, Robbins, Chang, &
Van Gord, 2006) were based on published values aimed at maximizing specificity. Varying
combinations of these measures were used to form “failure criteria” groups modeled after
ways in which researchers and/or clinicians may choose to exclude “PVT fails” in practice.

Six groups defined by various PVT failure patterns were considered: (1) any standalone—
classified as failure on at least one of the identified standalone PVTs (either WMT, TOMM
Trial 1, or MFIT), (2) two or more standalone — classified as failure on two or more of the
identified standalone PV Ts (either WMT, TOMM Trial 1, or MFIT), (3) any embedded —
classified by c (either RDS, WCST FTMS, or the CVLT FC), (4) two or more embedded-
classified as failure on two or more of the identified embedded PVTs (either RDS, WCST
FTMS, or the CVLT FC), (5) combination of at least one embedded and one standalone —
classified as failure on at least one of the embedded and one of the standalone PV Ts, and (6)
any combination of two or more—classified by failure on two or more of the identified PVTs
(embedded or standalone).

Data Analysis

Separate one way analyses of variance (ANOVA) were used to assess differences among the
high PTS (7= 140) versus low PTS symptom groups (7= 59) across three composites

of cognitive domains thought to be impaired among individuals with PTSD: memory,
attention/processing speed, and executive functioning. Analyses were repeated, excluding
participants based on combinations of “failure criteria” described above. Additionally, effect
sizes (Cohen’s d) of the various significant and non-significant between-group differences
on cognitive testing performances for each of the six PVT failure levels were calculated
based on group means and SDx.
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As over-reporting may influence characterization of the PTS symptom groups determined
by the PLC-C, analyses were rerun with consideration of scores on the MMPI-2-RF
Infrequent Responses (F-r) scale. The F-r scale serves as a general over-reporting measure
and comprises 32 items that are rarely endorsed in the MMPI-2-RF normative sample (i.e.,
were answered in the keyed direction by 10% or less). As the scale has demonstrated

utility in assessing symptom misrepresentation (Sellbom and Bagby, 2010, Sellbom et al.,
2010), participants with a T-score of 120 on the F-r scale (which was felt to convey a high
likelihood of symptom invalidity) were excluded based on standard interpretive guidelines.
This set of analyses included 117 adults in the high PTS group and 46 adults in the low PTS

group.

Transparency and Openness

Results

We report how we determined our sample size, all data exclusions (if any), all
manipulations, and all measures in the study, and we follow Journal Article Reporting
Standards (Kazak, 2018). All data and materials (as well as software application or custom
code) support the claims herein and comply with field standards. Data sharing may be
requested (but cannot be guaranteed, based on institutional polices): The data that support
the findings of this study may be available upon submission of a reasonable request and
the receipt of necessary approvals. Data were analyzed using JMP, version 14.0.0 statistical
program. This study’s design and its analysis were not pre-registered.

When no PVTs were considered, results of one-way ANOVA suggest that individuals with
high PTS symptomology performed significantly worse across all three cognitive domains
(all ps <.05). Similarly, excluding those who have failed two or more standalone validity
measures, as well as two or more embedded validity measures, resulted in significant group
differences such that individuals in the high PTS group performed worse across all three
cognitive composites compared to participants in the low PTS symptom group (all ps <
.05). Mean cognitive composite scores for memory, executive functioning, and attention/
processing speed across PVT groups are shown in Figures 1, 2, and 3, respectively.

Excluding individuals based on the combination of failures on at least one embedded and

at least one standalone PVT measure resulted in group differences on tasks of executive
functioning (p = .048) and attention/processing speed (p = .043), such that individuals in the
high PTS group performed significantly worse compared to veterans in the low PTS group.
Scores on the memory composite did not significantly differ when this PVT failure criteria
was applied (p> .05). There were no group differences observed in the three cognitive
domains when participants were excluded on the basis of any standalone PVT failure, any
combination of two or more failed PVTs (embedded or standalone), or any embedded PVT
failures (all ps > .05). Failure rates across performance validity measure and group are
displayed in Table 2.

Cohen’s deffect sizes were calculated to assess possible influence of sample size. When no
PVTs were considered, findings revealed medium effects of high PTS group membership
on memory, executive functioning, and attention/processing speed composites. When
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performance validity failure was considered, effects of group varied from small to medium
across the three cognitive domains (Cohen’s d'range: 0.08-0.49). Of note, when individuals
failing two or more embedded, or two or more standalone PVTs were excluded (resulting in
varying total number of participants included in analyses), medium sized effects of group on
executive functioning and attention/processing speed measures indicate that findings are not
merely a factor of sample size alone. Table 3 displays Cohen’s d'effect sizes by group across
cognitive domain and exclusion criteria.

After controlling for possible symptom overreporting on the PCL-, analyses performed

on the subset of participants (N =163) with valid MMPI-2-RF F-r scores revealed largely
similar results. Relative to the sample not controlling for symptom overreporting, there were
no group differences in executive functioning scores when participants were excluded based
on the failures of at least one embedded and at least one standalone PVT combined. There
were no differences between groups observed on memory performance when participants
were excluded on the basis of 2 or more embedded, or 2 or more standalone PVT failures.
All other findings remained consistent.

Discussion

The current study examined the effects of different, commonly used PVT failure criteria

on the relationship between cognitive outcomes and health conditions (i.e., PTS symptoms)
among a sample of veterans with history of mTBI. Our initial analyses examined the
relationship of memory, attention/processing speed, and executive functioning without
taking into account performance validity. When no PVTs were considered, our results were
consistent with several previous studies suggesting that PTSD is associated with observable
cognitive weaknesses (for a review, see Vasterling & Brailey, 2005). Scott and colleagues
(2015) presented the first systematic meta-analysis of neurocognitive outcomes associated
with PTSD. The report was based on data from 60 studies totaling 4,108 participants,
including 1,779 with PTSD, 1,446 trauma-exposed comparison participants, and 895 healthy
comparison participants without trauma exposure. In line with current study results when
not considering PVT failure, analyses revealed significant neurocognitive effects associated
with PTSD, across measures of verbal learning, speed of information processing, attention/
working memory, and verbal memory. It should be noted however, these investigations often
highlight the lack of PVT inclusion as a limitation (e.g, Scott et al.,2015). Indeed, the totality
of findings in the current study support this concern.

When controlling for performance validity on the basis of any standalone PVT failure,

any combination of two or more failed PVTSs, or any embedded PVT failures, there were
no differences in cognitive performance between the high PTS and low PTS symptom
groups. Further, Cohen’s deffect size calculations revealed consistently small-sized effects
associated with these analyses suggesting that null results are not attributable to sample
size alone. For example, effect sizes when participants were excluded on the basis of any
combination of 2 or more PVT failures were slightly larger than those when excluding

for any embedded PVT failure, despite the latter grouping retaining more participants.

Of course, the argument could be made that true cognitive deficits in the high PTS

group increased the likelihood of false positive findings on individual PVTs, although it
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is important to note that the participants in the current sample were relatively young and
living in the community, thus mitigating concerns that genuine cognitive impairment was
responsible for elevated false positive findings on PVTs in the high PTS group. In total, 3

of the 6 proposed methods to control for performance validity resulted in null PTS-cognition
relationships. Consistent with Demakis, Gervais, and Rohling, (2008), these particular
findings suggest that observed differences in cognitive performance among individuals with
low and high PTS symptoms may be potentially mitigated by controlling for performance
validity failure.

Just as in practice, however, our results present challenging nuances to consider. Although
requiring failure on two or more embedded or two or more standalone validity measures
may be perceived as strict, and thus an effective control against performance invalidity, these
groupings allowed for participants who failed one PVT to remain in the analyses. Generally
speaking, when 2 PVT failures were required for exclusion within the current sample,

we see robust differences between our high PTS and low PTS groups across cognitive
composites (i.e., two or more embedded, two or more standalone, the combination of any
embedded and any standalone PVT failure). The exception to this was the grouping in which
participants were excluded based on the failure on any combination of 2 or more PV Ts
(standalone or embedded) wherein consistently null differences in cognitive performance
were observed. Importantly, this category reflected a failure of any 2 of the 6 total PVTs
included in this study. While defining possible suboptimal test engagement as failing two or
more PVTs is common practice, some have cautioned that failure on even one PVT should
elicit consideration for performance invalidity, particularly in individuals with histories of
mTBI (e.g., Lippa, 2018, Proto et al., 2014). The pattern of results in the current study
appears consistent with this line of thought. When participants were excluded based on the
failure of a single PVT (i.e., any standalone or any embedded measure), results show no
significant differences in cognitive performances between groups.

Perhaps the most clinically important finding in the current study is the discrepant outcomes
observed when applying criteria that requires failure on two or more standalone PVT
measures and exclusion based on the combination of failure on any 2 or more PVTs
(standalone or embedded). Application of one criterion results in significant differences

in cognitive performance across all three composites and the other yields null cognitive
differences between groups. We found this striking, as both methods of controlling for
performance validity appear reasonable and are consistent with the prevailing wisdom of
requiring failure of two or more PVTs to identify suboptimal engagement. Certainly, if

an investigation reported either of these criteria within their methodology most researchers
and clinicians would be satisfied with the approach. Yet, the conclusions drawn from these
results differ greatly. Interestingly, discrepant outcomes were also observed when applying
criteria that requires failure on two or more standalone PVT measures versus any embedded
PVT failure. In this case, both criteria result in a similar number of participants excluded,
from similar group distributions (i.e., rates of exclusion among high PTS and low PTS
groups). Yet again, one criteria results in significant differences in cognitive performance
across all three composites and the other yields null cognitive differences between groups.
These findings highlight the drastic impact that decisions about how performance validity
failure is defined may have on interpretation of cognitive data.
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The current study is not without limitations. The predominantly male, veteran based
sample, who presented for evaluation at a TBI clinic, limits generalizability of our results.
Additionally, participants in the current sample were individuals seeking specialty TBI
services, which likely accounts for the high failure rates of PVTs and SVTs in the current
sample (e.g., Tombaugh, 1996; Young, Roper,& Sawyer, 2011; Young, Sawyer, Roper, &
Baughman, 2012). While high rates of PVT failure were ideal for examining the impact

of varying PVT failure criteria, researchers and clinicians are encouraged to use caution
when generalizing findings from this unique sample. All veterans in the present study had

a history of at least one concussion. However, this was not a threat to internal validity as
injuries in the totality of the sample were characterized as mild in nature so there were no
differences in injury characteristics between groups. We also recognize that the choice of
PVT may have influenced outcomes; it is possible that tasks such as the TOMM and WMT,
which at face value, appear memory-focused may have resulted in higher rates of exclusion
for those with memory complaints and thus, lessened the likelihood of identifying memory
differences on testing. Similarly, inclusion of additional PV Ts in the domains of attention/
processing speed and executive functioning may have reduced effect sizes in these domains.
It is worth noting that although there were statistically significant group differences when
some PVT failure criteria were applied, these represented relatively modest normative score
differences and the normative scores associated with the high PTS group were consistently
in the average range.

Additionally, self-reported PTSD symptomology on the PCL-C was used to divide the
groups, rather than a clinician-administered structured interview. Although the PCL-C
elevations reported by the high PTS group were clinically meaningful (and nearly three
standard deviations higher than the low PTS group), it is possible that some of the veterans
would not have met formal criteria for a PTSD diagnosis. It should also be noted that
participants were not instructed to think about the mTBI incident during the administration
of the PCL-C. As such, we are not able to speak to the chronicity of participant’s PTS
symptoms, which should be considered when attempting to generalize the current study
findings. In addition, the MMPI-2-RF F-r scale was used as a proxy for potential symptom
exaggeration on the PCL-C, although we are unaware of any studies that have empirically
validated this assumption. Lastly there are several unmeasured health-related conditions that
could possibly affect cognition among veteran populations (e.g., exposure to burn pits) that
were not evaluated as part of the current investigation.

Of note, there are a variety of reasons why differences in the manner in which performance
invalidity has been addressed does not entirely explain the correlation between PTSD
symptoms and cognitive deficits reported in extant literature. Vasterling and Brailey (2005)
highlight consistent material specific cognitive changes in PTSD (e.g., verbal memory
declines as opposed to visual memory; specific aspects of reduced attention), parallel
findings from neurobiological models, and observed weaknesses in general clinical settings
without identifiable secondary gain in support of the complex impacts PTSD may have

on cognition. Further, they emphasize that “PTSD does not occur in a vacuum and is
associated with psychiatric comorbidities, adverse health consequences, and somatic insult
at the time of traumatization, each of which could potentially exert adverse consequences on
neuropsychological functioning” (Vasterling and Brailey, 2005, p. 192). Still, the dearth
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of studies examining PTS (or other clinical syndromes for that matter) and cognition

that incorporate PVTs in their conceptualization (to a greater extent than noting the
absence as a limitation) is problematic given the largely similar performance on cognitive
measures observed between veterans with high and low PTS symptoms depending on how
performance invalidity was defined in the current study.

Neuropsychologists are ethically and professionally bound to provide accurate diagnostic
impressions and recommendations. Studies suggest the ability of clinicians and researchers
to determine the validity of findings based only on subjective clinical judgment without
the use of performance and symptom validity tests is weak, inaccurate, and subject to

bias (Bush & Morgan, 2012; Guilmette, 2013). Failure to assess for response bias may
result in a variety of consequences including (but not limited to): erroneous diagnoses

and possible iatrogenic effects, further exhaustion of already limited resources (e.g.,
medical appointments, monetary compensation) and increased distrust of specific clinical
populations (Howe, 2012). In settings where cognitive performance dictates treatment
(e.g., epilepsy monitoring units), mischaracterization of impairments may have significant
health consequences. Similarly, misattributing poor performance to a diagnosed condition
(e.g., PTSD, mTBI) rather than identifying performance invalidity may limit consideration
of critical behavioral recommendations (e.g., sleep hygiene, pain management, cognitive
strategies). To our knowledge, this is the first study to strategically examine how varying
PVT failure criteria influences the interpretation of cognitive data. Rather than clear-cut
recommendations for PVT failure criteria, the findings highlight how selection of particular
failure criteria may drastically change interpretation of important clinical outcomes. Future
studies should continue to evaluate PVT failure criteria across other settings and patient
populations.
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Key Points
Question:

Does choice of performance validity criteria impact interpretation of cognitive results?
Findings: Results suggest that interpretation of neurocognitive data can be greatly
influenced by the choice of performance validity test failure criteria applied.

I mportance:

Findings highlight the importance of considering performance validity when interpreting
cognitive data within clinical and research settings alike.

Next Steps:

Results warrant future investigation of PVT failure criteria in other conditions.
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Figurel.

Mean memory composite T-scores among high PTS and low PTS groups across
performance validity criteria.
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Figure2.
Mean executive functioning composite T-scores among high PTS and low PTS groups across

performance validity criteria.
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Figure 3.

Mean attention/processing speed composite T-scores among high PTS and low PTS groups
across performance validity criteria.
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Participant demographic characteristic

Table 1.

Variable Total Sample(N=199) High PTS(n=140) Low PTS(n=259) p
Sociodemographic
Age (years) 31.9 (7.0) 31.3(6.4) 33.5(8.1) 0.04*
Sex (% women) 5.0 5.0 5.1 0.98
Marital Status (% married) 51.8 55.0 44.1 0.12
Education 13.1 (1.6) 13.0 (1.6) 13.3 (1.8) 0.24
WRAT-4 (Standard Score) 95.0 (13.8) 94.2 (15.0) 97.1 (10.4) 0.18
PCL-C (Raw Score) 57.5 (16.9) 66.4 (10.0) 36.4 (9.5)
Employment Status (% employed) 42.2 40.7 45.8 0.51
Race (%) 0.09

White 68.8 65.0 78.0

Black 11.6 14.3 51

Hispanic 14.8 14.3 15.3

Other 6.5 6.5 1.7
Branch of Service (%) 0.73

Army 63.8 66.0 61.0

Air Force 5.0 5.0 51

Navy 7.0 7.9 5.1

Marines 16.1 15.7 17.0

National Guard 8.0 6.4 11.9

Page 20

Note: PCL-C= PTSD CheckList — Civilian Version PTSD= posttraumatic stress disorder; PTS = Post-Traumatic Stress; WRAT4=Wide Range

Achievement Test 4
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Performance validity test failure rates (%) across groups.

Measure Total Sample

Low PTS HighPTS

Standalone PVTs (%)

WMT 59.8

TOMM Trial 1 31.2

Rey 15 7.5
Embedded PVTs (%)

CVLT-1I (FC) 20.1

WAIS-IV (RDS) 13.1

WCST (FTMS) 9.5

64
25
153

5.1
3.4
11.9

57.9
33.6
43

26.4
17.1
8.6

Page 21

Note: CVLT-11= California Verbal Learning Test-Second Edition (FC= Forced Choice); PTS= posttraumatic stress; TOMM= Test of Memory
Malingering; WAIS-IV= Wechsler Adult Intelligence Scale -1V (RDS= Reliable Digit Span); WCST= Wisconsin Card Sorting Test (FTMS=

Failure to Maintain Set)
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Table 3.
Cohen’s deffect sizes by group across domain and failure criteria
Group Sample Size % Excluded by Memory Executive Attention/
Group Functioning Processing
speed
No PVT Considered N =199 0.4402 " 0.4746% 0.5609 "
Low PTS =59
High PTS = 140
Exclude 2 or More Embedded N =185 7% 0.3319% 0.4820° 0.3565 %
Low PTS =59 0%
High PTS = 126 10%
Exclude Any Embedded + Any Standalone N =151 24% 0.2328 0.3299 0.3411%
Low PTS = 52 12%
High PTS =99 29%
Exclude 2 or More Standalone N =134 33% 0.3869% 04725~ 0.4909 %
Low PTS = 42 29%
High PTS = 92 34%
Exclude Any Embedded N =131 34% 0.1699 0.2814 0.2021
Low PTS =47 20%
High PTS = 84 40%
Exclude Any Combo of 2 or More N =110 45% 0.1285 0.3277 0.3223
Low PTS =40 32%
High PTS =70 50%
Exclude Any Standalone N =78 61% 0.0802 0.1196 0.1956
Low PTS =20 66%
High PTS =58 59%

*
Indicates significant group differences (p < .05) within domain PTS = posttraumatic stress, PVT = performance validity test
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