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Abstract
The purpose of this study was to evaluate relationships among the Word Memory Test (WMT), symptom validity test (SVT) 
indices of the Personality Assessment Inventory (PAI), history of mild traumatic brain injury (mTBI), and posttraumatic 
stress disorder (PTSD) symptom burden. Participants were postdeployment, predominantly male (88.5%) veterans (N = 417) 
who completed a neurocognition study that included the WMT and PAI. Correlations, chi-square analyses, and ANOVAs 
were used for analyses. Results of aim 1 examining relations among the two tests found that 20.4% produced invalid scores 
on the WMT (regardless of PAI scores), 13.8% produced an invalid PAI (regardless of WMT scores), and 4.6% were invalid 
on both tests. Of the 4 original PAI validity scales, only Negative Impression Management was related to WMT failure; the 
supplementary Malingering Index was also significant at a smaller effect size. The second aim evaluated mTBI and PTSD 
symptoms in relation to validity scores. History of mTBI was associated with invalid WMT scores but not PAI scores; 
follow-up analyses indicated that injuries sustained during deployment were significantly more likely to produce invalid 
WMT scores than non-deployment injuries. Contrary to hypotheses, PTSD symptom burden was related to WMT failure 
but not overreporting on the PAI. After dividing the sample into four groups based on valid versus invalid WMT and PAI 
scores, the invalid PVT valid SVT group had the highest proportion of mTBI, whereas PTSD symptom burden was highest 
in the groups that invalidated both measures or only the WMT. Service-connected disability status was unrelated to either 
type of validity. Given invalidating both types of validity measures is uncommon, the importance of sampling both types 
of validity is highlighted.
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The importance of assessing performance validity (fidel-
ity of performance to genuine ability on neurocognitive 
tests) and symptom validity (accuracy of self-report) in 
neuropsychological examinations has become increas-
ingly recognized in the past two decades (Bush et al., 2005; 

Heilbronner et al., 2009), and up to 25% of papers in two 
popular neuropsychology journals have been devoted to the 
topic (Martin et al., 2015). In military and veteran samples, 
nearly one in three will fail standalone performance valid-
ity tests (PVTs; Denning & Shura, 2019), highlighting the 
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importance of including PVTs in neuropsychological evalu-
ations. Likewise, interpretation of multi-scale, self-report 
measures begins with interpretation of symptom validity 
indices, and a recent study of over 17,000 Minnesota Mul-
tiphasic Personality Inventory-2-Restructured Form (MMPI-
2-RF) protocols in the Department of Veterans Affairs (VA) 
found invalidity rates from 5% to 27% depending on scale 
(Ingram et al., 2019). A number of studies indicate that a 
subgroup of those who invalidate PVTs may also invalidate 
self-report symptom validity tests (SVTs). Although PVT 
and SVT presentations may be mostly independent, research 
has suggested that they are not mutually exclusive. The pur-
pose of this paper is to evaluate patterns of invalidity across 
the Word Memory Test (WMT) and Personality Assess-
ment Inventory (PAI) validity scales as well as the relations 
among PVT and SVT measures to a history of mild trau-
matic brain injury (mTBI) and current posttraumatic stress 
disorder (PTSD) symptom burden.

Numerous standalone PVTs are available to assess validity 
within several cognitive domains. The WMT (Green, 2005) is 
a forced-choice, memory-based PVT that is commonly used 
by neuropsychologists and rated as one of the most accurate 
PVTs available (Sharland & Gfeller, 2007). Some studies 
have shown that the test is easy enough to be passed by those 
with significant cognitive impairment (Carone, 2014; Green 
& Flaro, 2015; Green et al., 2002), and increased interpretive 
ability is achievable using profile analysis, such as for those 
with dementia (Green et al., 2011). In one meta-analysis 
(Sollman & Berry, 2011), the WMT produced the second 
highest sensitivity (75.1%), after only the Victoria Symp-
tom Validity Test (81.5%), though with a reduced specificity. 
In veteran and military samples, the WMT was the second 
most frequently studied standalone PVT (19 studies), after 
only the Test of Memory Malingering (TOMM; Denning & 
Shura, 2019). Of note, the WMT had a mean failure rate 
of 39% across veteran and military studies, and although 
some have suggested the measure is associated with a high 
number of false positives, this assertion has been debated 
in the literature (Bowden et al., 2006; Erdodi et al., 2019; 
Green et al., 2009; Greve et al., 2008). For example, Erdodi 
and colleagues (2019) dispute the false-positive allegation 
on logical and empirical grounds: failure rate on the WMT 
in their study was slightly higher than for other measures, 
but those who failed showed independent evidence of invalid 
performance. Regardless, given the generally high sensitivity 
and established common use in veteran and military studies, 
the WMT is a suitable PVT to evaluate validity issues in 
veteran samples.

The PAI includes four original, primary symptom-validity 
scales: two scales that measure inconsistency (Inconsistency 
[ICN], Infrequency [INF]), an underreporting scale (Positive 
Impression Management [PIM]), and an overreporting scale 
(Negative Impression Management [NIM]). Additionally, 

several supplementary validity indices are available, includ-
ing the Malingering Index (MAL), Rogers Discriminant Func-
tion (RDF), Defensiveness Index, and Cashel Discriminant 
Function (Morey, 2007). PAI validity scales and indices have 
shown promise in specifically identifying overreporting across 
a number of populations, such as forensic psychiatric inpa-
tients (Wang et al., 1997), criminal defendants (Kucharski 
et al., 2007), compensation-seeking mTBI patients (Whiteside 
et al., 2012), and Medical Evaluation Board exams (Mooney 
et al., 2018). Prior studies have also shown these PAI scales 
to be useful in detecting exaggeration of specific psychiat-
ric disorders, such as PTSD (Calhoun et al., 2000; Thomas 
et al., 2012), major depressive disorder, generalized anxiety 
disorder, and schizophrenia (Hopwood et al., 2007). Like the 
WMT, the PAI is in common usage among VA psychologists.

Although sophisticated feigners may be informed enough 
to adjust presentation in a way that is less obvious or focused 
on specific domains (Nelson et al., 2003), less-sophisticated 
approaches may involve global exaggeration. Similarly, out-
side of intentional feigning, those with “poor effort” may 
also either put forth variable effort across an exam, or glob-
ally not engage. In a forensic sample, an exploratory factor 
analysis of three PVTs and a number of Minnesota Mul-
tiphasic Personality Inventory-2 (MMPI-2) scales identified 
distinct cognitive (cognitive effort) and psychological valid-
ity factors (underreporting, overreporting neurotic symp-
toms, and overreporting psychotic symptoms; Nelson et al., 
2007). This finding suggests that different invalid presenta-
tions exist. Additional studies support the concept of per-
formance validity and symptom validity as distinct factors 
(Copeland et al., 2016; Jurick et al., 2019; McCaffrey et al., 
2003; Van Dyke et al., 2013). However, a subgroup has been 
identified in the literature that invalidates both PVTs and 
SVTs (Armistead-Jehle & Buican, 2012; Larrabee, 2003a, 
2003b; Whiteside et al., 2009). Due to consistent and global 
exaggeration across multiple domains, this subgroup might 
be more likely to include intentional exaggerators and unso-
phisticated feigners, as opposed to those who invalidate test-
ing for other reasons.

A number of studies have examined PAI validity scales 
in conjunction with failed PVT performance. Studies sug-
gest that the validity scales of the PAI are useful compared 
with invalidity on the TOMM (Aikman & Souheaver, 2008; 
Whiteside et al., 2009), the Victoria Symptom Validity Test 
(Haggerty et al., 2007), and the Dot Counting Test (Sumanti 
et al., 2006). Two studies were found examining the PAI 
validity scales in relation to the WMT, both using a sample 
of active military service members with a history of TBI 
(Armistead-Jehle & Buican, 2012; Lange et al., 2012). In 
comparing those with valid versus invalid scores on the 
WMT in a mixed clinical/forensic sample, Armistead-
Jehle and Buican (2012) found that those who failed had 
significantly higher scores on the PAI NIM (d = 0.49) and 
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MAL (d = 0.35), with significantly lower scores on the PIM 
(d = 0.40). The other PAI validity scores (INC, INF, RDF) 
were not significantly different between groups. Of note, 
context mattered; differences became non-significant in 
the forensic subsample, though the clinical subsample con-
tinued to see significant elevations on NIM (d = 0.60) and 
MAL (d = 0.45) only. Lange and colleagues (2012), using 
the four primary SVTs of the PAI, reported that service 
members with mTBI failing the WMT had significantly 
higher NIM scores than both mild and severe TBI patients 
passing the WMT, though INC, INF, and PIM were not 
significantly different. In sum, limited research has indi-
cated a relationship between invalid scores on the WMT 
and symptom overreporting, specifically for NIM and MAL, 
on the PAI. These relations among validity indicators are 
important to consider in view of some of the more common 
psychiatric presentations (e.g., PTSD) of veterans of opera-
tions Enduring Freedom, Iraqi Freedom, and New Dawn 
(OEF/OIF/OND).

Beyond psychometric relationships across PVTs and SVTs, 
certain conditions may additionally relate to performance and 
symptom invalidity. PTSD is one of the most common psy-
chiatric disorders for the postdeployed veteran cohor (Kessler 
et al., 2014)t, with one meta-analysis finding a prevalence of 
23% in returning veterans (Fulton et al., 2015). The mTBI 
population is also particularly relevant to the recent postde-
ployment cohort (Kessler et al., 2014), with over 400,000 
service members diagnosed with TBI injuries from 2000 
to 2019, 83% of which were mild in severity (Defense and  
Veterans Brain Injury Center, 2019). Additionally, PTSD is 
commonly comorbid with a history of TBI (Dismuke-Greer 
et al., 2019; Hoge et al., 2008; Lew et al., 2009; Pugh et al., 
2014). Moreover, in fiscal year 2018, PTSD was the most com-
mon psychiatric disability condition at 59%, far higher than the 
second most-common condition (depression) at 12% (Veterans  
Benefits Administration, 2019). Similarly, in individuals 
who have sustained an mTBI, complete recovery of post-
concussive cognitive and psychiatric symptoms is expected 
by 3 months, with litigation and disability factors cited as 
significantly related to persisting complaints (Belanger et al., 
2005; Berry et al., 1995; Carroll et al., 2004; Panayiotou et al., 
2010; Youngjohn et al., 1997). In veteran samples, the influ-
ence of service-connected disability may reach beyond the 
direct forensic exam, and invalidity related to disability con-
cerns potentially present even in non-forensic clinical exams. 
Thus, it is critical to consider the possible influence of over-
reporting and underperformance on symptom portrayal when 
evaluating both mTBI and PTSD. Important implications 
attend both clinical (Veterans Health Administration) and pro-
grammatic (Veterans Benefits Administration) demands due 
to the frequency of the association of these conditions with 
service-connected disability, as invalid presentations could  
lead to extensive, inappropriate financial loss.

In addition to service-connected disability issues that 
can occur following mTBI, other factors may also affect 
outcomes in veteran samples with a history of mTBI. Rel-
evant to military and veteran populations are differences 
between injuries sustained in a combat environment ver-
sus those in the civilian context. Recent studies of post-
deployed veterans have found poorer outcomes follow-
ing deployment mTBI compared with non-deployment 
mTBI, including for psychiatric diagnoses and symptoms, 
sleep, alcohol use, pain severity, and cognitive functioning  
(Martindale et al., 2018, 2020). Thus, injury context rep-
resents an important variable to address when analyzing 
mTBI relationships in analyses.

Given that Armistead-Jehle and Buican (2012) found 
significant differences in NIM, PIM, and MAL across those 
passing versus failing the WMT in their sample of 333 ser-
vice members, the first aim of the current study is to repli-
cate the PAI/WMT relationship in a similarly sized sample 
in a different evaluation context (primarily research versus 
clinical/forensic). For the first hypothesis, given base rates 
in prior studies, we predicted that (H1) PVT and SVT rates 
will occur in the following order: pass both > fail either PVT 
or SVT > fail both. As a follow-on second hypothesis, we 
predicted that (H2) the presence of NIM failure will enhance 
the odds of also observing PVT failure more so than the 
presence of PVT failure will enhance the odds of observing 
SVT failure. Third, we hypothesized that (H3) the relation-
ship between PVT failure and SVT failure will only apply 
to the NIM and MAL scales. That is, associations between 
PVT failure and SVT failure will be significant for overre-
porting, but not underreporting or non-content responding, 
similar to prior research (Armistead-Jehle & Buican, 2012; 
Lange et al., 2012).

Using the four primary PAI SVT scales in a sample of 
service members, Lange and colleagues (2012) found that 
only NIM was significantly higher in an mTBI group that 
failed the WMT, compared with mild and severe TBI groups 
that passed the WMT. Therefore, the second aim of this study 
was to examine similar relations among the WMT, PAI SVT 
scales, and veterans with a history of mTBI, as well as to 
incorporate PTSD symptom burden given the high rate of 
disability for PTSD and relevance of both mTBI and PTSD to 
the postdeployment population. Given that mTBI and PTSD 
symptoms reflect neurological versus psychiatric constructs, 
respectively, we expect a double dissociation in relation to 
PVT and SVT status. Therefore, we hypothesized that (H4) 
PVT but not SVT failure will be significantly associated 
with a history of mTBI. As follow-up analyses, and given 
prior research, we predicted higher effect sizes for deploy-
ment mTBI compared with non-deployment mTBI. Similarly, 
we hypothesized that (H5) SVT (NIM and MAL) but not 
PVT (WMT) invalidity will be significantly associated with 
PTSD symptom burden (PAI Traumatic Stress [ARD-T]),  
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further establishing independence of the validity constructs. 
Finally, in lieu of the potentially salient legal and other trans-
lational implications, we perform a post hoc, exploratory 
examination of the relevance of service-connection status to 
both PVT and SVT outcomes: we evaluate both status of 
already receiving service connection and plan to apply for 
disability.

Method

Participants

The present analyses were conducted on a sample of pre-
dominantly postdeployed military personnel serving in Iraq 
or Afghanistan. Candidate participants consisted of 432 
OEF/OIF/OND-era active-duty and veteran service mem-
bers assessed in a multi-site protocol conducted by the Neu-
rocognition Laboratory of the VA Mid-Atlantic Mental Illness 
Research, Education, and Clinical Center. Institutional Review 
Board approval was obtained at each of three VA Medical 
Center (VAMC) sites located in the Mid-Atlantic region. All 
participants voluntarily supplied verbal and written informed 
consent prior to any study activities. Participants were identi-
fied and recruited from the Post-Deployment Mental Health 
study (PDMH; Brancu et al., 2017), a VAMC Polytrauma/
TBI System of Care inpatient, residential, and outpatient reha-
bilitation program; and the wider multi-site VAMC patient 
population. Additional information on a subset of these data 
can be found in McCormick and colleagues (2013).

Subjects were heterogeneous for demographics and diagno-
ses present, though all served on or after September 11, 2001. 
Formal DSM-IV-TR diagnostic categorization was not assessed 
on the day of cognitive testing; however, DSM-IV-TR criteria 
were evaluated in those who completed the entry PDMH study 
but only used for eligibility criteria given the varying times par-
ticipants completed the two studies. Specific study exclusion 
criteria included completion of neuropsychological evaluation 
during the prior 6 months, active psychotic symptoms, and 
presence of an active substance-use disorder. Individuals were 
reimbursed for their time and travel. The welfare of human 
subjects was protected. Demographic variables for the sam-
ple are presented in Table 1. The sample was generally male 
(88.5%) and White (65.7%), with a mean age of 35.0 years 
and at least some college attendance. It is unlikely that indi-
viduals with major neurodegenerative disorders were included 
in this study due to the sample characteristics and eligibility 
criteria. Additionally, 14.6% of the sample was still on active 
duty, thus ineligible for disability, and 50.5% of the remain-
ing sample was receiving service-connected disability for any 
reason (range 0–100%). As part of the consent process, partici-
pants were told that results would not be available to disability 
examiners nor used for disability purposes; however, a small  

Table 1   Descriptive statistics for sample (N = 417)

Variable M or n SD or % Min–max

Age 35.0 9.8 19–64
Education
Incomplete high school 1  < 1%
GED 7 1.7%
High school 124 29.7%
Some college 126 30.2%
Associate degree 56 13.4%
College degree 80 19.2%
Graduate degree 23 5.5%
Male 369 88.5%
Ethnicity
Non-Hispanic
White 262 62.8%
African American 123 29.5%
Asian 4 1.0%
Other 11 2.6%
Hispanic
White 12 2.9%
African American 1 0.2%
Other 4 1.0%
Service connection (n = 410)
Yes 207 50.5%
No 143 34.9%
Active duty 60 14.6%
Service connection percentage 

(n = 201)
49.1 29.7 0–170

Plan to apply for disability (n = 412) 35 8.5%
Traumatic brain injury
Mild 72 17.2%
Moderate/severe 67 16.1%
Missing details 13 3.1%
Personality Assessment Inventory 

(n = 412)
 ≥ 1 scale failure 57 13.8%
Inconsistency (n = 411)
T score 52.1 10.0 34–82
Failed 17 4.1%
Infrequency
T score 52.2 9.7 40–90
Failed 14 3.4%
Positive Impression Management
T score 47.2 12.3 15–77
Failed 17 4.1%
Negative Impression Management
T score 56.2 14.6 44–125
Failed 15 3.6%
Malingering Index
Score 0.76 0.97 0–6
Failed 17 4.3%
Traumatic stress T-score 63.1 18.5 41–99
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number provided dual consent to use the data for clinical pur-
poses as well.

Measures

A standardized, fixed battery of neurocognitive, psychologi-
cal, performance validity, and self-report symptom measures 
was administered. The larger NeuroCognition study from 
which these data derive involves a variety of aims related 
to neurocognitive functioning of postdeployment veterans. 
Briefly, the study included 21 cognitive measures, the WMT, 
and 5 self-report measures (see McCormick et al., 2013 for 
additional description). Tests were administered by neu-
ropsychologists, postdoctoral fellows under supervision of 
neuropsychologists, and trained and supervised psychology 
technicians. The WMT and PAI were administered on identi-
cal Dell Latitude D410 laptop computers at each of the three 
VAMC sites.

The WMT was selected as the primary PVT for the larger 
study given that it is in common use by VA neuropsycholo-
gists, thus familiar to the field; it shows high sensitivity, and 
the computerized presentation minimizes administration error. 
The WMT (Green, 2005) presents a series of 20 paired words 
for two learning trials followed by a forced-choice Immediate 
Recognition (IR) trial and subsequent Delayed Recognition 
(DR) trial after 30 min. A Consistency Score (CNS) is also cal-
culated from the number of items that were correct on both IR 
and DR trials compared with correct on one trial and incorrect 
on the other trial. These three scores are the primary “effort” 
scores for the measure, and as such were used for analyses. 
The WMT was scored using the established cutoffs to identify 
valid and invalid scores (Green, 2005). For this study, if at 
least one of the three easy (“effort”) scores was in the invalid 
score range, the participant was identified as a WMT fail. Par-
ticipants whose scores were all in the valid score range were 
identified as a WMT pass. When designing the battery, not 
all WMT subtests were included given the objectives, time 

demands, and logistic constraints of the study. The Genuine 
Memory Impairment Profile (“dementia profile”) cannot be 
examined.

The PAI is a 344-item, multi-scale, self-report measure of 
psychiatric distress (Morey, 2007). The instrument contains 
four main SVTs. The INC scale consists of 10 pairs of similar 
items, half that should be endorsed differently and half that 
should be endorsed similarly, thus measuring inconsistent 
responding. The INF scale consists of 12 items that should be 
infrequently endorsed by the general population, and measures 
careless or random responding. PIM contains 12 items and 
measures symptom underreporting. NIM includes 12 items 
across two question types: items rarely endorsed in clinical 
samples and items developed to detect feigned and exaggerated 
symptoms. PTSD symptom burden was also measured using 
the PAI ARD-T scale, a subscale of the Anxiety-Related Dis-
orders clinical scale; the 8 items measure symptoms common 
following traumatic events, such as re-experiencing (Morey, 
2007). Of note, ARD-T items are non-overlapping with the 
NIM items. A secondary scale was also evaluated: MAL is an 
index from 0 to 8 with points based on scale cutoffs and com-
parisons; this scale was included as, in addition to the NIM, it 
was significant in Armistead-Jehle and Buican’s (2012) active-
duty clinical sample.

The presence of a history of TBI was established using a 
self-report measure presented on computer modified from 
a questionnaire previously published (Ivins et al., 2003), 
either typed in by the participant during the PDMH study 
(n = 357, 85.6%) or completed by research staff based on 
the medical records from the Polytrauma rehabilitation site 
(n = 60, 14.4%). The respondent completing the question-
naire enters information for up to 6 injuries including date 
of injury, duration of loss of consciousness, posttraumatic 
amnesia, and alteration of consciousness. Using this infor-
mation and VA/Department of Defense TBI criteria, partici-
pants were determined to have no injuries, one or more mild 
injuries, or 1 or more moderate/severe injuries. Those with 
a history of moderate or severe TBI (n = 63) were excluded 
from the TBI analyses, as the TBI hypothesis focused on 
mTBI only. Injury events were also classified as to whether 
or not the injury occurred during deployment, based on the 
injury dates provided on the TBI measure and self-reported 
dates of all combat deployments. The data for deployments, 
service-connection status, and plan to apply for disability 
were obtained from either the prior PDMH study visit or 
medical records.

Results

All statistical analyses were computed using SAS version 
9.4 (SAS Institute Inc., Cary, NC). Demographic variables 
were examined using univariate descriptive statistics. A 

Table 1   (continued)

Variable M or n SD or % Min–max

Word Memory Test (n = 398)
Invalid on ≥ 1 “effort” scale 85 21.4%
Immediate Recognition
T score 92.8 11.0 22.5–100
Failed 55 13.8%
Delayed Recognition
T score 92.7 11.9 25.0–100
Failed 52 13.1%
Consistency
T score 90.5 11.7 42.5–100
Failed 82 20.6%
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significance level of 0.05 was set a priori for all inferential 
tests. The sample was drawn from the 432 candidate partici-
pants, from which 15 participants missing both the WMT 
and the PAI due to technical difficulties were excluded, leav-
ing a final N = 417 for analyses: 24 were missing either the 
WMT or PAI, leaving n = 393 for analyses requiring both. 
In those with WMT data (n = 398), 85 (21.4%) failed the 
WMT, 55 failed IR, 52 failed DR, and 82 failed CNS (see 
Table 1). In those with PAI data (n = 412), 57 (13.8%) failed 
at least one of the primary SVT scales, 6 of whom failed 2 
scales: 15 failed NIM, 17 failed PIM, 17 failed ICN, and 14 
failed INF. Of the 6 individuals that failed 2 SVT scales, 4 
failed both ICN and INF, 1 failed both PIM and INF, and 1 
failed both NIM and ICN. Additionally, 17 (4.1%) produced 
invalid scores on the supplementary scale MAL. For mTBI 
analyses, the sample was n = 337 after excluding those with 
missing data or a history of moderate-to-severe TBI.

The first hypothesis predicted that base rates would be 
present in the following order: pass both > fail either PVT 
or SVT > fail both. Using dichotomous pass-fail variables 
for producing an invalid score on any of the three WMT 
PVT subtests or any of the four primary PAI SVT scales, 
the hypothesis was supported. The chi square was sig-
nificant, χ2 (1, N = 393) = 5.50, p = 0.019, ϕ = 0.12, with 
the following percentages: pass both n = 273 (69.5%), fail 
either PVT or SVT n = 102 (26.0%), and fail both n = 18 
(4.6%). Second, we hypothesized that the presence of inva-
lid SVT scores would enhance the odds of also observing 
invalid PVT scores more so than the presence of invalid 
PVT scores would enhance the odds of observing invalid 
SVT scores. Of those failing the PAI, 34.0% also failed 
the WMT. Of those failing the WMT, 21.2% also failed 
the PAI. However, a Z-test of proportions was not signifi-
cant, z = 1.66, p = 0.098, ϕ = 0.01. Third, we hypothesized 
that an invalid score on NIM specifically would relate to 

invalid WMT performance. This prediction was also sup-
ported, as of the four primary SVT scales, only elevations 
on NIM were associated with a significantly different per-
centage of failure on the WMT (see Table 2). Follow-up 
analysis evaluating the MAL was also significant, but at 
a smaller effect size than NIM. Therefore, non-content-
related response bias (e.g., random responding) and under-
reporting were not related to underperformance.

The second aim of this study was to evaluate the relation-
ship between invalidity and two common postdeployment 
conditions: history of mTBI, a primarily neurologic diag-
nosis, and PTSD symptom burden, related to a psychiatric 
diagnosis. The fourth hypothesis predicted that a history of 
mTBI would relate to PVT more so than SVT performance. 
For these analyses, we excluded all moderate/severe TBI 
(n = 63) and those missing information concerning one or 
more TBIs (n = 14), leaving a final mTBI-related sample of 
n = 327: 233 (69.1%) had no history of mTBI, 72 (21.4%) 
had a history of 1 mTBI, and 32 (9.5%) had 2 or more 
mTBIs. This hypothesis was supported: a higher percent-
age of invalid WMT scores was seen in those with a history 
of mTBI (29.3%) compared with those without a history of 
mTBI (12.95%), χ2 (1, N = 323) = 12.45, p < 0.001, ϕ = 0.20. 
The same findings were not apparent for invalidity rates on 
NIM: those with a history of mTBI invalidated at a rate 
of 2.94% compared with the nomTBI rate of 3.03%, χ2 (1, 
N = 333) = 0.00, p = 0.965, ϕ =  − 0.00.

The sample was divided into four groups: valid scores on both 
PVT and SVT measures (n = 233), valid PVT but invalid SVT 
(n = 28), invalid PVT but valid SVT performance (n = 49), and 
invalid on both measures (n = 9; see Table 3 for brief descrip-
tives). A chi-square analysis comparing proportions with a his-
tory of mTBI versus no mTBI history across the four groups was 
significant, χ2 (1, N = 319) = 14.81, p = 0.002, ϕ = 0.22. Propor-
tions comparing mTBI with no TBI were relatively the same in 

Table 2   Comparison of 
performance and symptom 
validity failure rates (n = 393)

Bold scores are statistically significant
WMT Word Memory Test, NIM Negative Impression Management, PIM Positive Impression Management, 
INF Infrequency, ICN Inconsistency, MAL Malingering Index

Symptom 
validity scale

Status WMT Pass, n = 308 WMT Fail, n = 85 χ2 Fisher’s exact 
testa or p

ϕ

NIM Pass 301 (76.6%) 77 (19.6%) 9.25 .002 0.15
Fail 7 (1.8%) 8 (2.0%)

PIM Pass 297 (75.6%) 80 (20.4%) 0.91 .340 0.05
Fail 11 (2.8%) 5 (1.3%)

INF Pass 300 (76.3%) 82 (20.9%) .710a 0.02
Fail 8 (2.0%) 3 (0.8%)

ICN Pass 296 (75.5%) 81 (20.7%) 1.000a  − 0.01
Fail 12 (3.1%) 3 (0.8%)

MAL Pass 298 (75.8%) 78 (19.9%) 4.01 .045 0.10
Fail 10 (2.5%) 7 (1.8%)
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the invalid PVT and invalid SVT group (3.1% versus 2.7%) and 
the valid PVT invalid SVT group (9.3% versus 8.6%). In contrast, 
the valid PVT valid SVT group had a significantly lower propor-
tion of participants with (60.8%) than without (78.4%) mTBI. 
This effect appeared to be driven by the invalid PVT valid SVT 
group, with a higher proportion of mTBI (26.8%) than no mTBI 
(10.4%).

Given that differential outcomes have been observed 
across the difference in context of combat deployment 
compared with non-deployment (Martindale et al., 2018, 
2020), we tested whether having an mTBI in the deploy-
ment context (n = 65) versus solely in a non-deployment 
context (n = 43) led to differential rates of invalid PVT 
scores. This finding was the case: 25 (38.5%) of those with 
deployment mTBI failed the PVT versus 6 (14.0%) of those 
with solely non-deployment mTBI failed the PVT, χ2 (1, 
N = 108) = 7.60, p = 0.006, ϕ = 0.265.

Finally, we hypothesized (H5) the converse result, i.e., 
that PTSD symptom burden would be related to SVT failure 
but not PVT failure. Correlations indicated that invalid status 
on both validity indices was significantly related to PTSD 
(ARD-T): WMT, r =  − 0.26, p < 0.001; NIM, r =  − 0.28, 
p = 0.004, and that PTSD symptom burden showed a similar, 
significant relationship to both invalid PVT and invalid SVT 
outcomes (z = 0.30, p = 0.761). Next, an ANOVA examined 
differences in mean ARD-T scores between the four valid-
ity groups. Results were significant, F (3, 392) = 11.37, 
p < 0.001, η2 = 0.09. Tukey’s pairwise comparisons revealed 
two significant group differences: valid PVT valid SVT com-
pared with invalid PVT invalid SVT (mean difference = 18.1) 
and PVT valid SVT invalid (mean difference = 11.0). Table 3 
presents group means. This hypothesis was not supported, as 
PTSD symptom burden was not related to SVT status only.

As a post hoc analysis, service-connected disability was 
also evaluated. Those who failed the WMT did not show a 
significantly higher proportion of having service connection 
compared with those who passed, χ2 (1, N = 391) = 0.22, 
p = 0.638, ϕ = 0.024. Similarly, those who failed NIM or 
MAL also did not show a significantly higher proportion of 
having service connection compared with those who passed: 

NIM Fisher’s exact test p = 0.597, ϕ = 0.029; MAL, χ2 (1, 
N = 405) = 1.94, p = 0.164, ϕ =  − 0.069. Additionally, no dif-
ferences were observed in the proportion of participants with 
invalid PVT or SVT scores for those positive versus negative 
for the intent to apply for disability: invalid WMT, χ2 (1, 
N = 393) = 0.46, p = 0.500, ϕ = 0.034; invalid NIM Fisher’s 
exact test p = 0.373, ϕ = 0.013; invalid MAL Fisher’s exact 
test p = 0.342, ϕ = 0.023. In other words, neither presence 
of established disability nor intent to apply for disability 
exhibited a relationship to failure on either the WMT or PAI 
NIM/MAL.

Discussion

The first aim of this study was to evaluate the relationship 
between performance and symptom validity test failure, 
as prior research has suggested that the two constructs are 
independent but not mutually exclusive. Consistent with our 
first hypothesis, this study found that although performance 
and symptom validity are separate constructs, a small group 
of participants invalidate both types of tests. Failing both 
validity measures, however, was uncommon: 85 participants 
(20.4%) failed the PVT, 53 participants (13.8%) failed the 
SVT, and 18 participants (4.6%) failed both. These failure 
rates are generally consistent with rates reported in prior 
studies. For example, 11.2% of a non-veteran sample failed 
both the TOMM and RBS scale of the MMPI-2/RF in one 
study (Copeland et al., 2016), and 4% failed both PVTs 
and SVTs in another study with a veteran sample using a 
variety of measures (TOMM, Reliable Digit Span, Medi-
cal Symptom Validity Test, and MMPI-2 scales; Van Dyke 
et al., 2013).

The relationship between PVT failure and SVT failure 
was generally driven by overreporting, as only NIM and 
MAL were related to underperformance. This finding sug-
gests that those responding carelessly or in an indiscriminate 
manner (i.e., process-based styles captured by non-content 
validity scales) would not necessarily invalidate cognitive 
testing. In other words, an individual responding randomly 
to a questionnaire is unlikely to also approach performance-
based tests in a random manner. Additionally, those respond-
ing to the PAI in a defensive manner did not tend to also 
invalidate the WMT. This finding is somewhat intuitive, 
as an individual presenting in an overly positive manner 
is also likely to be motivated to perform well on cognitive 
tests. Given that the subgroup that failed both PVT and 
SVT measures was overreporting on the SVT, this particu-
lar group may reflect a subtype of examinees demonstrating 
invalid performance that is “pan-symptomatic”: overreport-
ing distress and acting behaviorally on testing in a manner 
that invalidates both protocols. If intentional, this presenta-
tion may reflect an unsophisticated approach to malingering, 

Table 3   Descriptive comparisons across performance and symptom 
validity status groupings (n = 319)

(–) signifies an invalid score and ( +) a valid score
mTBI mild traumatic brain injury, ARD-T Personality Assessment 
Inventory Traumatic Stress scale, PVT performance validity test, SVT 
symptom validity test

Validity group No mTBI, n (%) mTBI, n (%) ARD-T, M (SD)

PVT ( −) SVT (–) 6 (66.7%) 3 (33.3%) 78.1 (22.5)
PVT ( −) SVT ( +) 23 (46.9%) 26 (53.1%) 71.0 (17.9)
PVT ( +) SVT ( −) 19 (67.9%) 9 (32.1%) 66.1 (20.7)
PVT ( +) SVT ( +) 174 (74.7%) 59 (25.3%) 60.0 (17.2)
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though of note, this is an uncommon presentation in this 
sample. If unintentional, this presentation may reflect lack of 
insight or possibly a form of generalized uncooperativeness 
with the testing situation.

Next is the issue of directionality, which we hypothesized 
would show that SVT failure would exhibit a greater associa-
tion with PVT failure than the reverse. Although not statisti-
cally significant, results were in the hypothesized direction, 
as about 1 in 3 who invalidated the PAI also failed the WMT, 
compared with approximately 1 in 5 who failed the WMT 
also failed the PAI. This result is consistent with the pres-
ence in many psychiatric disorders of impaired cognition as 
a symptom (e.g., decreased concentration in PTSD), though 
emotional symptoms may be less typically associated with 
cognitive disorders by the lay public. In forensic contexts, 
those feigning psychiatric disorders thus might be likely 
to fail PVTs due to beliefs that decreased cognition is part 
of the syndrome. However, those feigning cognitive issues 
(e.g., TBI litigants) may focus on cognitive symptoms only, 
or even downplay emotional issues. Additional research 
may inform this hypothesis, as our findings were only sug-
gestive and not formally statistically significant in this non-
forensic sample. Lastly, we hypothesized that the relation-
ship between PVT performance and the PAI SVTs would be 
driven by NIM, based on prior literature (Armistead-Jehle 
& Buican, 2012; Mooney et al., 2018). Results support the 
idea that both NIM/MAL and failing a performance test are 
forms of presenting poorly, or biased response in the deviant 
direction. Thus, the relationship found between SVT and 
PVT failure is one between underperformance and overre-
porting specifically.

The second aim of this study was to explore a double 
dissociation reflected in findings that invalid performance 
validity would relate to a history of mTBI (neurological 
injury), whereas current PTSD symptoms (psychiatric sta-
tus) would be related to overreporting but not invalid per-
formance. Of note, although a history of mTBI was related 
solely to performance validity, PVT status was also more 
related to PTSD symptom burden than SVT status. Those 
with a history of sustaining an mTBI were more likely to 
produce invalid scores on the WMT but not on NIM com-
pared with those without a history of mTBI. Further, from a 
follow-up analysis, of those with mTBI, those with an mTBI 
sustained in a deployment context were significantly more 
likely to invalidate the WMT than those with exclusively a 
non-deployment mTBI history. In a prior study using a sub-
sample of the current full sample, context of testing (research 
versus dual research/clinical) was found to affect WMT fail-
ure rates (McCormick et al., 2013). It is possible that the 
effects of context may extend from implications of an evalu-
ation to the situation in which an injury occurs (deployment 
versus non-deployment) and similarly affect validity, even 
when the context was in the remote past. These context-based  

behaviors appear even outside of situations contextual-
ized by secondary-gain issues, given that our sample was 
non-forensic.

Although PTSD symptoms were equally correlated with 
PVT and SVT statuses, contrary to our fifth hypothesis, 
PTSD symptom burden was primarily related to PVT sta-
tus, with a significant effect seen for highest scores in the 
invalid PVT invalid SVT group and the invalid PVT valid 
SVT group, both compared with the valid PVT valid SVT 
group. Our finding using the PAI and WMT contrasts with 
findings from another sample of postdeployment veterans 
that found the opposite result: PVTs were unrelated to PTSD 
and mTBI, but SVT performance (Neurobehavioral Symp-
tom Inventory Validity-10) was related to both conditions 
(Aase et al., 2020). Conflicting results could reflect different 
measures used: Aase and colleagues used the several embed-
ded PVTs that are less sensitive than standalone measures. 
One possibility for these findings in our sample is that the 
WMT may be more sensitive to globally invalid presenta-
tions, or, in contrast, the PAI NIM scale may be relatively 
insensitive to any garden variety of invalid presentation. To 
that extent, in the full sample 21.4% had invalid scores on 
the WMT, whereas only 3.6% had invalid scores on NIM. 
As a comparison, in Ingram and colleague’s (2019) MMPI-
2-RF study with veterans, 23.2% were invalid based on F-r, 
and 12.3% were invalid based on Fp-r. Although lower sen-
sitivity is possibly one explanation, context may explain 
the difference in base rates, given that the Ingram data was 
pulled from national clinical records and our sample is pre-
dominantly a research-only context. This hypothesis seems 
to apply to the WMT as well: the Denning and Shura (2019) 
study found research-context PVT invalidity rates between 
5% and 38%, which was on average lower than rates in clini-
cal and forensic samples. Regardless of the results reflecting 
test or sample characteristics, given the low frequency of 
invalidating both PVT and SVT indicates, results highlight 
the need for both types of measures in a given evaluation.

Additionally, we evaluated with follow-on analyses the 
relationship between service-connection status and valid-
ity. We established that service-connected disability did 
not relate to either underperformance on the WMT or over-
reporting per NIM. Several possible explanations could 
account for these observations. Most prominently, the con-
text of this evaluation was not for disability, and participants 
were told such in the consent process, thereby removing 
the potential link between disability incentive and invalid 
presentations. Second, service-connected disability encom-
passes a wide range of physical conditions, and many in 
the sample who were service connected may have been so 
only for conditions irrelevant to psychiatric overreport-
ing or cognitive underperformance (e.g., skin conditions). 
Third, service connection is a complex phenomenon, the 
nuance of which is not captured in a dichotomous variable. 
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For example, permanent and total disability status renders 
a veteran exempt from any future threat of disability benefit 
reduction. Finally, this variable is based on already-achieved 
status, as opposed to active claim or intent-to-apply statuses. 
We evaluated intent-to-apply status, which was also not 
significant. A study by Critchfield and colleagues (2019) 
additionally found a non-significant relationship between 
established disability and invalid performance; however, 
they also had a variable for active-claim status, which was 
significant and may be more relevant than our intent-to-
apply variable. Future studies might further evaluate these 
more complex aspects of disability in the VA in relation to 
validity performance.

Several themes emerge for applying these results. First, 
the invalid rate on the WMT (≈20%) was consistent with 
expectations given the known base rates in published 
research: specifically, veterans and service members in a 
primarily research context fail standalone PVTs at rates 
of 5%–38%, with a much lower rate than in primary clini-
cal or forensic samples (Denning & Shura, 2019). The fail 
rate for the WMT specifically was 39% in the Denning and 
Shura paper, but that finding was collapsing across contexts. 
Similarly, invalid rates due to overreporting on the PAI were 
discrepant from a national sample of veterans using the over-
reporting scales on the MMPI-2-RF. In our sample, invalid 
rates were 3.6% for NIM and 4.3% for MAL; in the Ingram 
and colleagues (2019) sample, invalid rates were seen at 
23.2% for F and 12.3% for Fp. These differential findings 
might constitute an artifact of context (the Ingram study was 
derived from clinical data) but may also indicate that the 
PAI is less sensitive to overreporting than the MMPI-2-RF.

Second, we found a relationship between the WMT 
and overreporting scales, but not other SVT scales, on 
the PAI. This finding is not to suggest that the PAI SVT 
scales can function as overreporting cognitive-complaints 
scales. For example, Gervais et al. (2007) report on the 
RBS scale of the MMPI-2/RF, which was designed spe-
cifically to detect overreporting cognitive and somatic 
complaints in disability contexts, and a similar scale has 
been developed for the PAI (see Gaasedelen et al., 2019). 
Rather, examinations will yield those who will present in 
a globally exaggerated fashion involving both self-report 
and underperformance. Of note, overreporting seems to 
particularly increase the presence of underperformance: the 
overall failure rate for the WMT was ≈20%, but in those 
with invalid PAI profiles, the WMT fail rate rose to 34%. 
In other words, although very few invalidated both tests, 
invalidating one does increase the rate of invalidating the 
other. Thus, especially in cognitive evaluations, if an exam-
inee fails performance validity, this outcome highlights the 
need to include symptom-validity measures as well. Addi-
tionally, the finding that a history of mTBI, particularly 
when occurring during deployment, was related to WMT  

failure, but PTSD symptoms related to both WMT and PAI 
invalidity, suggests utility in using both types of validity 
scales within PTSD contexts. Future research might further 
explore these relationships in other samples.

This study has several limitations. First, our PVT meas-
ure was limited to the WMT, a forced-choice memory PVT. 
Although this WMT has been regarded as the most sensitive 
PVT by some (Sharland & Gfeller, 2007), it does not cap-
ture performance validity in other domains, such as atten-
tion and executive functions, and results with other PVTs 
may be different. Additionally, we relied on a single PVT 
to identify invalid performance, and therefore some indi-
viduals may have yielded false negatives given that invalid 
performance can wax and wane over time as well as across 
domains. Thus, we could have missed invalid individuals 
later in the exam, for example, those rushing to leave later 
in the day. Although 21.4% of our research-context sample 
produced invalid scores on the WMT, which is consistent 
with the expected base rate of failure on a PVT in a vet-
eran/military sample (Denning & Shura, 2019), discrepan-
cies with other studies could follow from our reliance on a 
single, standalone (though highly sensitive) PVT. Second, 
although the PAI is established as a well validated multi-
scale self-report measure, some consider the MMPI-2/
RF as imposing a higher standard given a comparatively 
greater body of research, and the PAI does not contain 
well-validated overreporting scales for somatic and cog-
nitive complaints as does the MMPI-2-RF (FBS, RBS), 
which may be relevant to this population. Furthermore, 
from a clinical standpoint, one would not interpret ARD-T 
scores if NIM were invalid; thus, evaluating a relationship 
in our analyses may be somewhat artificial. Additionally, 
we neither considered categorical psychiatric diagnoses 
(including PTSD) nor pain, both of which may be clini-
cally relevant; however, DSM diagnostic criteria changed 
mid-study, and the ARD-T scale is not tied to DSM-IV-TR 
criteria. Additionally, symptom severity and distress levels 
may be related to both symptom and performance validity 
more than dichotomous classifications (e.g., Miskey et al., 
2020). Finally, TBI status was predominantly determined 
based on a self-report questionnaire as opposed to more 
reliable methods such as a structured interview. ¶ Despite 
these shortcomings, this study adds to the growing body of 
research on PVTs and SVTs more broadly, and the WMT 
and PAI more specifically. Clinically, these results high-
light that although consideration of both PVTs and SVTs is 
warranted in most cognitive evaluations, inclusion of both 
might be particularly important in those reporting PTSD 
symptoms. Additionally, given the low base rates of failing 
both PVTs and SVTs, clinicians might be more inclined to 
pursue either querying about engagement in the evaluation 
situation or a diagnosis of malingering for patients who 
present in such a manner.
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