£} Routledge

-1 Taylor &Francis Group

Journal of Personality Assessment

ISSN: 0022-3891 (Print) 1532-7752 (Online) Journal homepage: www.tandfonline.com/journals/hjpa20

Multivariate Base Rates of Standard- and Skyline-
Cutoff Elevations on the Personality Assessment
Inventory: Do They Distinguish Simulated from
Genuine PTSD?

Stephen L. Aita, Emily L. Montgomery, Joshua E. Caron, Louis A. Pagano Jr.,

Michael J. Broggi, Paul B. Ingram, Steven C. Erickson, Nicholas C. Borgogna,
Grant G. Moncrief, Robert M. Roth, Matthew R. Calamia, Patrick Armistead-
Jehle & Benjamin D. Hill

To cite this article: Stephen L. Aita, Emily L. Montgomery, Joshua E. Caron, Louis A. Pagano

Jr., Michael J. Broggi, Paul B. Ingram, Steven C. Erickson, Nicholas C. Borgogna, Grant G.
Moncrief, Robert M. Roth, Matthew R. Calamia, Patrick Armistead-Jehle & Benjamin D. Hill

(21 Jul 2025): Multivariate Base Rates of Standard- and Skyline-Cutoff Elevations on the
Personality Assessment Inventory: Do They Distinguish Simulated from Genuine PTSD?, Journal
of Personality Assessment, DOI: 10.1080/00223891.2025.2530047

To link to this article: https://doi.org/10.1080/00223891.2025.2530047

A . .

h View supplementary material & ﬁ Published online: 21 Jul 2025.
N

[:J/ Submit your article to this journal & sl Article views: 41
,

& View related articles (&' @ View Crossmark data (&'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=hjpa20


https://www.tandfonline.com/journals/hjpa20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00223891.2025.2530047
https://doi.org/10.1080/00223891.2025.2530047
https://www.tandfonline.com/doi/suppl/10.1080/00223891.2025.2530047
https://www.tandfonline.com/doi/suppl/10.1080/00223891.2025.2530047
https://www.tandfonline.com/action/authorSubmission?journalCode=hjpa20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=hjpa20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00223891.2025.2530047?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00223891.2025.2530047?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/00223891.2025.2530047&domain=pdf&date_stamp=21%20Jul%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/00223891.2025.2530047&domain=pdf&date_stamp=21%20Jul%202025
https://www.tandfonline.com/action/journalInformation?journalCode=hjpa20

Routledge

Taylor & Francis Group

JOURNAL OF PERSONALITY ASSESSMENT
https://doi.org/10.1080/00223891.2025.2530047

39a31LN0Y

‘ W) Check for updates‘

Multivariate Base Rates of Standard- and Skyline-Cutoff Elevations on the
Personality Assessment Inventory: Do They Distinguish Simulated from
Genuine PTSD?

Stephen L. Aita'?
Paul B. Ingram?®
Robert M. Roth®?

, Emily L. Montgomery?, Joshua E. Caron?3, Louis A. Pagano Jr.* (), Michael J. Broggi® (®,
, Steven C. EricksonS, Nicholas C. Borgogna’ (), Grant G. Moncrief®® [,
, Matthew R. Calamia'™ (), Patrick Armistead-Jehle' @ and Benjamin D. Hill'?

"Department of Neurology, Whiddon College of Medicine at the University of South Alabama; 2Department of Mental Health, VA Maine
Healthcare System; 3Department of Psychology, University of Maine; “Office of the Chief of Staff, St. Cloud VA Healthcare System; *Department
of Psychological Sciences, Texas Tech University; *Department of Mental Health, VA Durham Healthcare System; Department of Psychology,
University of Alabama at Birmingham; 8Department of Psychiatry, Dartmouth Health; °Department of Psychiatry, Geisel School of Medicine at
Dartmouth; ®Department of Psychology, Louisiana State University; "'Concussion Clinic, Munson Army Health Center; '?Department of
Psychology, University of South Alabama

ABSTRACT

Multivariate base rates (MBR) of elevations are an emerging psychometric paradigm for enhanced
interpretation of multiscale self-report data. The aims of this study were to calculate and compare
MBR of scale/subscale elevations on the Personality Assessment Inventory (PAl) and determine the
ability of MBR to differentiate between mood disorders (n=524, k=3), military-based posttraumatic
stress disorder (PTSD; n=252, k=2), and coached PTSD-simulator (n=160, k=1) groups. Overall,
having at least one standard (T=70) and skyline elevation on clinical scales and clinical subscales
was common across the groups. However, differential abnormal elevation thresholds emerged for
each group. For instance, it was unusual (i.e., MBR < 10%) for the mood disorders group to have >
1 (9.7%) and for the genuine PTSD group to have > 3 (9.1%) skyline-elevated clinical scales. For
subscales, it was unusual for the mood and PTSD groups to have > 3 (7.6%) and > 7 (8.3%)
skyline-elevated clinical subscales, respectively. Conversely, PTSD simulators commonly yielded
profiles with standard- and skyline elevations on nearly all clinical scales and subscales. MBR cutoffs
identified from receiver-operating characteristic curve analyses yielded robust sensitivity (.650-.806)
and specificity (.833-.984) in differentiating genuine PTSD and mood disorder groups from PTSD
simulators. MBR are useful in differentiating genuine from simulated psychopathology, consistent
with broader scale-based infrequency approaches.
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In the U.S., posttraumatic stress disorder (PTSD has a life-
time prevalence of around 6% but higher (9.4%) in military
personnel (Wisco et al., 2022). Approximately 22% of
Veterans from the conflicts in Iraq and Afghanistan have
experienced PTSD symptoms (Seal et al., 2009). In turn,
PTSD is the most diagnosed mental health disorder among
Veterans (Department of Veterans Affairs, 2015). The Annual
Benefits Report from the US Department of Veterans Affairs
(2023) indicated that PTSD accounts for nearly 60% of all
mental health disorder compensation claims, resulting in
57,998 new PTSD compensation recipients in 2022 alone.
With compensation benefits, however, comes large incentives
to feign symptoms, and PTSD is a common claim in personal
injury litigation and disability evaluations. Risk of non-credible
claims is high in disability evaluation settings (Rogers &
Bender, 2020), with estimates of feigned presentations
around 30% in civil litigation cases juxtaposed with ~15%
in clinical settings (Gervais et al., 2001; Green et al., 2001;

Larrabee et al., 2009; Mittenberg et al., 2002; Proto et al.,
2014; Young, 2015). Several studies report higher prevalence
of symptom exaggeration for PTSD-related disability claims,
with base rates ranging from 30 to 53% (Freeman et al,
2008; Lees-Haley, 1997; Taylor et al., 2007). In turn, devel-
oping robust methods for detecting feigned PTSD is essen-
tial to preserve treatment resources and discourage fraud by
non-credible claimants.

Symptom validity within PTSD

The Personality Assessment Inventory (PAL; Morey, 2007) is
a widely used standardized instrument for evaluating PTSD
among other mental health concerns (Calhoun et al., 2010).
It provides four categories of information: validity of
responses, diagnostic/clinical indications, interpersonal styles,
and treatment prognosis. Examinees with PTSD often yield
profiles with elevations across several clinical scales such as
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Somatic Complaints, Anxiety and Related Disorders, Anxiety,
Depression, and Schizophrenia (Mozley et al., 2005; Rogers
et al., 1996). Numerous PAI embedded symptom validity
measures have been created over time and studied in the
setting of feigned PTSD, such as the Negative Impression
Management (NIM) scale, Malingering Index (MAL), Rogers
Discriminant Function (RDF), Negative Distortion Scale
(NDS), Hong Malingering Function (HMF), and Multiscale
Feigning Index (MFL Hong & Kim, 2001; Mogge et al,
2010; Morey, 2007; Rogers et al., 1996).

Large between-group (i.e., true vs. feigned PTSD) effects
(e.g., d’s exceeding 1.00) are generally seen for the early PAI
negative distortion indicators NIM and MAL (Calhoun
et al, 2010; Liljequist et al., 1998; Scragg et al., 2000),
whereas newer scales (such as HMF and MFI) appear to
yield even stronger findings (Rogers et al., 1993; Russell &
Morey, 2019; Thomas et al., 2012). For instance, Thomas
et al. (2012) found large group differences between PTSD
feigners and genuine PTSD groups on NIM (d=1.24), MAL
(d=1.28), RDF (d=0.82), and NDS (d=1.60). These negative
distortion indicators correctly classified 74-97% of genuine
PTSD cases and 26-78% of PTSD feigners, with NDS (at a
cutoff of T>85) performing the best (correctly classifying
97% of genuine PTSD and 64% of feigners). Later research
also observed robust mean differences between feigned and
genuine PTSD groups on NIM (d=0.68), MAL (d=0.73),
RDF (d=0.60), NDS (d=0.66), HMF (d=0.95), and MFI
(d=1.39; Russell & Morey, 2019). However, sensitivity and
specificity varied considerably across indexes and was best
for the MFI (59.1% and 92.0%, respectively).

In a separate vein, research on false positive malingering
classifications suggest between 13 and 26% of PAI profiles
classify “true” PTSD patients as invalid when using tradi-
tional validity scales (Calhoun et al, 2000; Mozley et al.,
2005). According to Calhoun et al. (2000), the recommended
cutoffs for the MAL and NIM produced 26.6% and 57.8%
false positives classifications for PTSD cases, respectively.
Mozley et al. (2005) found 27.2% of their genuine PTSD
sample was misclassified as non-credible using the RDF’s
recommended cutoff. Thus, developing alternative methods
that increase sensitivity while minimizing false positive clas-
sifications is warranted.

One promising approach for detecting feigned PTSD is
examining the rate of multiple elevations across scales and
subscales, commonly known as multivariate base rates
(MBR). Logistic regression or discriminant function equa-
tions for predicting symptom exaggeration often prove diffi-
cult to replicate but MBR are generally stable in populations
(Aita et al., 2023; Brooks et al., 2013; Crawford et al., 2011;
Oltra-Cucarella et al., 2021). MBR approaches also minimize
misclassification rates associated with methods relying on
single scale elevations. Considering the variability often
observed in “true” PTSD PAI profiles, including the ten-
dency for those with PTSD to produce elevations on multi-
ple clinical scales, it may be possible to detect differences
between legitimate and non-credible responding by consid-
ering both the number and severity of elevations within the
PAI profile using an MBR approach. While no symptom valid-
ity research has applied MBR to the PAI, Gaines et al. (2013)

was the first on the PAI to consider elevations across multi-
ple scales as an embedded symptom validity indicator. They
averaged T-scores from seven PAI clinical scales to develop
the MFI, reported its promising sensitivity (68.89%) and
specificity (94.34%) for detecting feigning in their initial
study, and found it performed better than existing indicators
such as MAL, NIM, and RDF (Gaines et al., 2013).

Primer on base rates and multivariate base rates

Base rates are obtained by dividing the number of cases with
a clinical sign of interest (e.g., an elevated score on a depres-
sion screening measure) by the number of cases being ana-
lyzed (Aita et al., 2018), then multiplying the resultant quotient
by 100 (Aita et al,, 2022). Thus, if five of one-hundred cases
yield an elevated depression screening score, then the base
rate of the positive finding for this specified group of cases is
5%. Base rates inform decision making and diagnostic accu-
racy of instruments in a variety of clinical psychologic con-
texts (Labarge et al., 2003; Meehl & Rosen, 1955; Palmer
et al, 1998). Indeed, clinical conditions with low and high
base rates differentially impact how diagnostic tests function,
especially their predictive value (Eisenberg, 1995).

Authors caution against applying univariate base rates
(UBR) to scores within test batteries or multiscale instru-
ments as these usually underestimate the likelihood of
obtaining an abnormal score (Aita et al., 2022; Brooks et al.,
2013; Karr et al, 2017, 2018). To demonstrate, according to
the Gaussian distribution, 5% of typical examinees can be
expected to produce one Jow score (i.e., j=1, with a low
score operationalized as scaled score < 5 or z-score < —1.7)
on the Wechsler Memory Scale-Fourth Edition (Wechsler,
2009). However, administration of this measure yields eight
primary memory scores (i.e., k=8), and when simultane-
ously interpreting all such scales, the likelihood of an exam-
inee producing at least one low score (j=1) is about 29%
(juxtaposed to 5% if examining one index score in isolation;
Brooks et al, 2013). Conceptually, the disparity between
probabilities in this illustration speaks to a fundamental
problem of applying a singular, univariate Gaussian probabil-
ity to a clinical model in which multiple test scores are
simultaneously administered and interpreted.

Whereas UBR is a good fit for interpreting single indica-
tors in isolation, MBR provides a solution for simultaneously
interpreting probabilistic information from multiple indica-
tors (e.g., a psychodiagnostic measure with numerous scales
or determining cumulative exposure across multiple trauma
types; Borgogna et al., 2023; Karr et al.,, 2017, 2018). MBR
is conceptualized as “..the likelihood of obtaining low
scores, when several scores are administered and inter-
preted...” (Brooks et al., 2013; p. 76). MBR have traditionally
been applied to standardization samples of various
performance-based cognitive measures such as the Wechsler
Adult Intelligence Scale and Wechsler Memory Scale (Brooks
et al.,, 2011). Collectively, these studies demonstrate that it is
common (e.g., 20-40% when defining a low score as z <
-1.7, allowing for variation of how many scores are inter-
preted) for healthy examinees to produce some low scores
when considering multiple cognitive test scores.
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Few studies have applied MBR to multidimensional rat-
ing scales. Aita et al. (2023) examined MBR of elevated
Behavior Rating Inventory of Executive Function-Adult
Version (BRIEF-A; Roth et al.,, 2005) scores in the stan-
dardization samples (n=2,250). They found that UBR
ranged from 3 to 16% when interpreting primary scales in
isolation. Conversely, when simultaneously considering the
nine primary BRIEF-A scales, MBR of obtaining at least
one (j=1) elevated score were much higher, ranging from
23 to 37%. This same group largely replicated these find-
ings using the standardization samples (n=3,603) for the
BRIEF, Second Edition (BRIEF2; Gioia et al., 2015), where
UBR on scales ranged from 7 to 12% and MBR ranged
from 26 to 27% (Aita et al., 2022). Recently, Ingram and
Karr (2024) examined MBR of “potentially problematic”
scores (defined as *1 SD from the mean, “depending on
the orientation of the scale”) on the NIH Toolbox Emotion
Battery (k=17 scales, k=3 subdomains) in the normative
sample (n=753). They found a nontrivial probability of
normative respondents obtaining at least one elevated scale
(61.2%) and subdomain (23.2%) on this self-report mea-
sure. Together, simple base rate information consistently
underestimates the likelihood of obtaining abnormal scores
when numerous scores from multiscale rating measures are
considered.

Critically, only two studies have applied MBR to rating
instruments using multi-clinical group data. Shura et al
(2022) presented MBR of obtaining elevated (T'265) scores
across the RC scales (k=8) on the Minnesota Multiphasic
Personality Inventory-2-Restructured Form for a sample of
Veterans who were assessed at a VA Attention-Deficit/
Hyperactive Disorder (ADHD) specialty clinic. Obtaining at
least one (j=1) elevated RC scale score was common in the
total sample (MBR = 75.3%), and MBR were similar in their
subsamples: healthy = 62.1%, no ADHD = 80.6, any ADHD
= 71.5%, ADHD-Inattentive = 67.4%, and ADHD-Combined
= 82.9%. However, as number of elevated scores (j) increased,
MBR were higher in their clinical groups. To illustrate, the
MBR of obtaining four or more (j=4) elevated RC scale
scores was over twice as high in the no ADHD (28.0%) and
any ADHD (21.5%) groups relative to healthy Veterans
(10.3%; Shura et al.,, 2022). Next, Aita et al. (2022) studied
MBR of elevated scores on the BRIEF2 using clinical stan-
dardization data from children with Specific Learning
Disorder in Reading (SLD-R), ADHD, and autism spectrum
disorder (ASD). They found these clinical groups had any-
where between a two- to four-fold increase in MBR of hav-
ing at least one (j=1) elevated score relative to the
non-clinical standardization samples, and that MBR increased
with clinical severity such that those with ADHD (52-84%)
and ASD (55-83%) had higher MBR than SLD-R (27-44%;
Aita et al.,, 2022).

The present study

MBR approaches enhance interpretation of rating scale mea-
sures, particularly likelihoods of obtaining abnormal scores
when multiple scores are considered. However, this emerging
psychometric paradigm has not been applied to the PAL

Moreover, no studies have explored MBR as a tool to help
classify non-credible responding. The PAI is ideally posi-
tioned for application of MBR given its multidimensional
nature, embedded symptom validity indicators, and docu-
mented clinical efficacy for use in PTSD. The aims of the
current study were therefore two-fold: (1) describe MBR of
elevated scores across participants with mood disorders,
PTSD, and simulated PTSD; (2) determine whether MBR of
elevated PAI scores can identify non-credible PAI profiles
among PTSD simulators while differentiating them from
those with genuine PTSD. As a supplemental aim, we also
compared diagnostic effectiveness of MBR to the NIM and
MFI negative distortion scales. Broadly, this study sought to
provide clinicians with an approach for simultaneously inter-
preting multiple scores on the PAI, as well as an easy-to-
apply method for identifying non-credible PAI profiles in
the context of PTSD evaluations. We hypothesized there
would be a graded pattern of increasing MBR (mood disor-
der <PTSD <PTSD simulators) and that MBR of profile ele-
vations would yield acceptable diagnostic accuracy (sensitivity
> .50 and specificity > .90; Larrabee et al., 2019) in identi-
fying non-credible PTSD.

Method
Participants

This cross-sectional study featured data from Veterans,
active-duty Service Members (SM), and civilians, all of
which were presenting for clinical evaluations. In addition, a
sample of college students were coached to simulate PTSD.
Data were ultimately condensed into the following groups:
mood disorders, PTSD, and PTSD simulators. Diagnoses for
all cases in the mood disorders and PTSD groups were
established using established DSM-based criteria (American
Psychiatric Association, 2000, 2013). All data were collected
with approval of the relevant Institutional Review Boards.

The PTSD group was comprised of Veterans (n=111)
and SMs (n=141). Data from the Veterans were identified
through retrospective chart reviews. Veterans were included
if they had a diagnosis of PTSD either given at the time the
clinical evaluation or if they had a PTSD diagnosis under
Active Problems on CPRS in the VA system. Of the included
Veterans, about one-quarter (n=40, 28.0%) were undergoing
compensation and pension evaluations; the rest were admin-
istered the PAI as part of routine clinical evaluations. Most
(n=110, 76.9%) were 50-100% service connected. SM data
were drawn from a larger database of SMs who presented
for routine clinical neuropsychological evaluations at a
Midwest Army Health Center. For the PTSD group, cases
were not limited to PTSD-monodiagnosis, though cases with
schizophrenia and major neurocognitive disorders (i.e.,
dementia) were excluded.

Next, we elected to include a mood disorders group to
enhance the contrasts of MBR against examinees with
genuine and simulated PTSD. This group was comprised
of Veterans (n=32), SMs (n=361), and civilian adults
(n=131). These individuals were diagnosed with depres-
sive, anxiety-related, and/or adjustment disorders and
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PTSD diagnoses were excluded (see Supplemental Tables
1-3 for breakdown of psychiatric comorbidities). The
civilian mood disorders sample came from a university-
based community outpatient training clinic where they
had undergone comprehensive psychological evaluations
for a variety of referral reasons. For all patients in the
mood disorder group, we only considered cases with
mood disorders without comorbid serous mental illness
(e.g., bipolar disorder, schizophrenia spectrum disorders),
substance use disorders, or neurocognitive and neurode-
velopmental disorders.

PTSD simulators were drawn from a sample of college
students who received research credit for participation.
These were coached to simulate PTSD using a vignette
adapted from prior research (Hill et al., 2015; Musso et al.,
2016). See Supplemental Table 4 for the vignette. Prior to
creating the merged diagnostic groups used in this project,
Mann-Whitney U tests were used to compare number of
standard and skyline elevations on PAI clinical scales and
subscales (which were used to compute MBR indicators as
described below) among subsamples: PTSD (i.e., PTSD+
Veterans vs. PTSD+ SMs) and mood disorders (i.e., mood
disorder + Veterans vs. mood disorder + SMs vs. mood disor-
der + civilians). Number of PAI scale and subscale elevations
did not meaningfully differ (according to the Ferguson, 2009
criteria described below) among subsamples compared
respective diagnostic groups. As such, PTSD and mood dis-
orders subgroups from different samples were combined as
planned. All PAIs were administered by or under supervi-
sion of licensed psychologists.

Measures

All participants completed the PAI as a part of a neuropsy-
chological or psychological assessment. The PAI is a
broad-band self-report measure of personality and psychopa-
thology that was developed with a focus on maximizing
content validity consistent with the DSM-IV (Morey, 2007).
It is composed of 344 items, each with a four-point response
scale (False, Slightly True, Mostly True, Very True). The PAI
items are organized into four response-validity scales, 11
clinical syndrome scales (nine of which have subscales), five
treatment indicator scales, and two interpersonal scales.

Protocols analyzed in this project were electronically
scored. Raw scores were converted to T-scores (M=50,
SD=10) based on data from the original census-matched
(for age, sex, and race) normative PAI sample of n=1,000
community-dwelling adults. Higher values on the PAI gener-
ally reflect adverse outcomes (e.g., a greater endorsed level
of psychopathology symptoms). The current study used the
“standard” cutoff of T>70 for a clinical elevation. In addi-
tion, we examined a second elevation cutoff for each PAI
indicator based on the “clinical skyline” which reflects scores
falling two standard deviations above the clinical PAI sample
(n=1,256 clinical patients mixed from inpatient and outpa-
tient psychiatric settings). A comprehensive list of scale and
subscale names, abbreviations, and skyline elevation cutoffs
are presented on Supplemental Tables 5 and 6.

Analysis plan

Prior to proceeding with computation of MBR, cases were
removed if PAI protocols were not interpretable according
to elevated inconsistency (ICN 73) and/or unusual/
bizarre statements endorsed (INF > 75; Morey, 2007). The
following cases were removed for such reasons: mood dis-
order (n=20, 3.7%), PTSD (n=10, 3.8%), and the
PTSD-simulator (n=55, 25.6%) groups. In addition, group
demographic factors were compared using chi-squared
tests of independence for categorical variables and one-way
ANOVAs (with Tukey’s HSD post-hoc pairwise compari-
sons for significant models) for continuous variables.
Next, bivariate correlations between demographic vari-
ables and MBR outcomes (specifically, number of stan-
dard and skyline elevations [j] across scales and subscales)
were tested using Spearman’s rho (p). Practically signifi-
cant demographic-group and demographic-MBR relations
were interpreted using Ferguson’s (2009) guidelines: ¢, =
.20, n? = .04, d=20.41, r = .20, and p > .20.

We followed previously published guidelines for comput-
ing MBR on self-report measures (Aita et al.,, 2022; 2023).
First, we examined MBR of elevated scores across the PAI
clinical scales: SOM, ANX, ARD, DEP, MAN, PAR, SCZ,
BOR, ANT, ALC, and DRG (k=11 scales). UBR (i.e., pro-
portion of cases with an elevated score on a single indicator)
of elevated T-scores were computed for each specific scale.
Next, the number of elevated scores were tallied across
scales to derive 7 (i.e., the number of abnormal scores).
Finally, to obtain cumulative MBR of elevated scores, proba-
bilities were calculated for cases with one or more elevated
scores (i.e., j=1), two or more elevated scores (i.e., j=2), and
so on until a final non-cumulative MBR was calculated for
cases with elevated scores on all scales (ie, j=11).
Probabilities were compounded according to the specified
number of elevations. For instance, the MBR of eight or
more elevated scores (i.e., j=8) is obtained by: P(j=8) +
P(j=9) + P(j=10) + P(j=11), where P(j=11) denotes the
prevalence of cases with 11 elevations relative to the entire
sample (ie., n,_;;/N). This same approach was repeated on
the PAI clinical subscales to obtain MBR of elevations on
these: SOM-C, SOM-S, SOM-H, ANX-C, ANX-A, ANX-P,
ARD-O, ARD-P, ARD-T, DEP-C, DEP-A, DEP-P, MAN-A,
MAN-G, MAN-I, PAR-H, PAR-P, PAR-R, SCZ-P, SCZ-S,
SCZ-T, BOR-A, BOR-I, BOR-N, BOR-S, ANT-A, ANT-E,
ANT-S (k=28 subscales). Separate MBR were computed for
standard and skyline elevations. We followed Brooks et al.
(2011) proposed convention in defining MBR of < 10% as
reflecting an wunusual (or well below expected) finding. To
illustrate, if less than 10% of examinees in a specified group
obtain three or more (j=3) standard elevations on PAI clin-
ical scales, we would label this MBR as unusual.

Next, we performed a series of receiver operating charac-
teristic (ROC) analyses to test the diagnostic efficacy of the
various MBR metrics in discerning between genuine and sim-
ulated (i.e., non-credible) PTSD presentations based on stan-
dard and skyline elevations on PAI profiles. Specifically,
separate area under the ROC curve (AUC) values were com-
puted for the following indicators: number of (i.e., j) standard

>
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scale elevations, skyline scale elevations, standard subscale ele-
vations, and skyline subscale elevations. The PTSD group was
coded as the referent, and PTSD simulators coded as the tar-
get group. We also conducted an additional set of ROC anal-
yses on the same MBR variables to see if these showed utility
in differentiating participants in the mood disorders group
(coded as referent) from PTSD simulators (coded as the target
group). Adjunctive to MBR variables, the NIM PAI validity
scale and MFI were analyzed to compare their relative classi-
fication effectiveness (in discerning genuine PTSD or mood
disorders from simulated PTSD) to MBRs. ROC model diag-
nostic quality was assessed according to the strength of AUC
coefficients: < .70 = “poor;’ .70 to .90 = “moderate;,” and > .90
= “high” classification accuracy (Swets, 1988).

We then identified optimal cutoffs of number of elevations
(i.e, j) for MBR variables using the Youden’s index, which
reflects the point at which sensitivity and specificity are max-
imized (Youden, 1950). For each cutoff identified in ROC
models, adjunctive to sensitivity and specificity, we computed
Youden’s ] statistic, which ranges from 0 to 1 with higher val-
ues indicating greater diagnostic performance of the cutoff
(Youden, 1950). We also obtained overall diagnostic accuracy
by taking the ratio of correctly identified cases (true posi-
tives+true negatives) from all cases modeled (Baratloo et al.,
2015). Next, we evaluated diagnostic efficiency statistics for
the recommended cutoffs of NIM T>92 (Morey, 2007) and
MFI T>77 (Gaines et al., 2013) for detecting feigning. Finally,
we examined the degree of agreement among MBR, NIM,
and MFI cutoffs using Cohen’s kappa statistic (k), and nested
analyses within the ROC models (i.e., PTSD vs. PTSD simu-
lators, mood disorders vs. PTSD simulators). We interpreted k
values as 0-0.20=slight, 0.21-0.40=fair, 0.41-0.60=moderate,
0.61-0.80=substantial, and 0.80-1.00=almost perfect agree-
ment (Landis & Koch, 1977).

Results

Final sample characteristics

Table 1 displays demographic characteristics for the primary
three groups (i.e., mood disorders, PTSD, and PTSD simula-
tors). Practically significant (Ferguson, 2009) group differences

Table 1. Sample demographic characteristics.

were observed for age and sex, where the simulator group was
younger and had a higher proportion of female participants
than the mood disorders and PTSD groups. These demo-
graphic factors (as well as race) were unrelated to MBR, NIM,
and MFI outcomes in the mood disorders and PTSD groups
(p’s < .18). Age was weakly inversely related to MBR, NIM,
and MFI outcomes in the PTSD-Simulator group (p’s=-0.11
to —0.25). In the whole study sample, MBR variables were
correlated with NIM (p’s = .67 to .83), and to a greater extent,
MFI (p’s = .72 to .96; see Supplemental Table 7). Within the
SM study population, history of concussion was not associ-
ated with number of scale and subscale elevations (p’s=-0.02
to —0.04).

Univariate base rates on clinical scales

Table 2 presents UBR of standard and skyline elevations
for the PAI scales. In addition, Supplemental Tables 8 ad 9
present descriptive statistical information (M, SD) for PAI
clinical scales and clinical subscales, respectively, stratified
by group. In the mood disorders group, the highest BRs of
standard elevation were seen on DEP (33.2%), ANX
(29.0%), SCZ (26.0%) and ARD (21.2%). Conversely, sky-
line elevations across clinical scales were infrequent for the
mood disorders group, with all UBRs falling below 6.0%.
Next, for the PTSD group, highest UBRs of standard eleva-
tions were seen on the DEP (65.5%), ARD (62.3%), ANX
(50.8%), SOM (44.8%), and SCZ (44.8%) scales. Aside from
the PAR (12.7%), SOM (12.3%), and ARD (11.1%) scales,
UBRs of skyline elevations were unusual, all falling below
10%. Lastly, among PTSD simulators, relatively larger UBRs
of standard scale elevations were observed for most clinical
scales, with highest rates on ANX (88.8%), SUI (81.3%),
SCZ (88.1%), and DEP (87.5%). Similarly, skyline scale ele-
vations were common among PTSD simulators with high-
est UBRs on SCZ (61.3%), PAR (53.1%), and ARD (48.1%).
Of note, UBR of elevated NIM was rare for the mood dis-
order (1.3%) and PTSD (5.6%) groups but encompassed
over half the simulators (65.0%). Elevated MFI was only
rare in the mood disorder group (3.2%) but not PTSD
(21.0%) and simulators (76.3%).

Group Omnibus comparison
Mood dx PTSD PTSD sim
Variable n=524 n=252 n=160 p ES
Age, M (SD) 34.0 (10.7) 41.0 (10.6) 20.0 (3.9) <.001 n?=.325
Sex, n (%)
Male 381 (72.7) 219 (86.9) 42 (26.3) <.001 ¢ =.434
Female 143 (27.3) 33 (13.1) 118 (73.8)
Race/ethnicity, n (%)
Black 66 (12.6) 36 (14.3) 15 (9.4) .007 ¢.=.121
White 413 (78.8) 194 (77.0) 128 (80.0)
Hispanic 26 (5.0) 13 (5.2) 4 (2.5)
Native American 1(0.2) 3(1.2) 0 (0.0
Asian 11 (2.1) 4 (1.6) 6 (3.8)
Pacific Islander 5 (1.0) 1(0.4) 1 (0.6)
Multiracial 2 (0.4) 1(0.4) 6 (3.8)
Education (years), M (SD) 15.0 (2.4) 144 (2.4) 13.6 (0.9) <.001 n?=.053

Note. PTSD: Posttraumatic Stress Disorder; PTSD sim: PTSD Simulators; ES: Effect Size. p- and ES-values reflect one-way ANOVAs for continuous variables (age,
education), and chi-squared tests of independence for categorical variables (sex, race/ethnicity).
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Table 2. Univariate base rates of standard (left) and skyline (right) cutoff elevations on the PAI clinical scales.

Standard elevations

Skyline elevations

Group, n (%)

Group, n (%)

Mood dx PTSD PTSD sim Mood dx PTSD PTSD sim
PAI scale n=>524 n=252 n=160 PAl scale n=>524 n=252 n=160
Validity:
NIM T=92 7 (1.3) 14 (5.6) 104 (65.0)
PIM T>68 12 (2.3) 2 (0.8) 0 (0.0
MFI T>77 17 (3.2) 53 (21.0) 122 (76.3)
Clinical: Clinical:
SOM T=70 84 (16.0) 113 (44.8) 131 (81.9) SOM T=>88 6 (1.1) 31 (123) 69 (43.1)
ANX T>=70 152 (29.0) 128 (50.8) 142 (88.8) ANX T=91 7 (1.3) 16 (6.3) 67 (41.9)
ARD T=70 111 (21.2) 157 (62.3) 137 (85.6) ARD T=91 1(0.2) 28 (11.1) 77 (48.1)
DEP T>=70 174 (33.2) 165 (65.5) 140 (87.5) DEP T>96 7 (1.3) 24 (9.5) 66 (41.3)
MAN T=70 50 (9.5) 23 (9.1) 37 (23.1) MAN T=>75 19 (3.6) 11 (4.4) 15 (9.4)
PAR T>70 81 (15.5) 85 (33.7) 134 (83.8) PAR T>84 15 (2.9) 32 (12.7) 85 (53.1)
SCZ T=70 136 (26.0) 113 (44.8) 141 (88.1) SCZ T=90 10 (1.9) 19 (7.5) 98 (61.3)
BOR T=70 82 (15.6) 82 (32.5) 138 (86.3) BOR T>=92 0 (0.0 4 (1.6) 34 (21.3)
ANT T>70 35 (6.7) 25 (9.9) 109 (68.1) ANT T>82 6 (1.1) 7 (2.8) 66 (41.3)
ALC T=70 33 (6.3) 34 (13.5) 122 (76.3) ALC T>98 1(0.2) 2 (0.8) 27 (16.9)
DRG T=70 6 (1.1) 18 (7.1) 121 (75.6) DRG T=96 0 (0.0) 1(0.4) 55 (34.4)
TX and IP: TX and IP:
AGG T=70 54 (10.3) 60 (23.8) 120 (75.0) AGG T=83 11 (2.1) 20 (7.9) 75 (46.9)
SUI T=70 48 (9.2) 47 (18.7) 130 (81.3) SUI T=101 5 (1.0 9 (3.6 68 (42.5)
STRT=70 40 (7.6) 30 (11.9) 99 (61.9) STR T=91 1(0.2) 0 (0.0) 12 (7.5)
NON T>=70 72 (13.7) 60 (23.8) 121 (75.6) NON T>88 9 (1.7) 6 (2.4) 47 (29.4)
RXR T=70 2 (0.4) 0 (0.0) 1 (0.6) RXR T=63 30 (5.7) 10 (4.0) 3(1.9)
DOM T=>70 22 (4.2) 17 (6.7) 4 (2.5) DOM T=>72 13 (2.5) 11 (4.4) 2 (1.3)
WRM T=70 5(1.0) 0 (0.0 0 (0.0 WRM T=70 5(1.0) 0 (0.0) 0 (0.0

Note. PAI: Personality Assessment Inventory; PTSD: Posttraumatic stress disorder; PTSD sim: PTSD simulators; MFI: Multiscale Feigning Index; TX and IP: Treatment
Consideration and Interpersonal scales. See Supplemental Table 5 for scale acronym definitions.

Univariate base rates on clinical subscales

Table 3 presents UBR of standard and skyline elevations
for the PAI clinical subscales. For the mood disorders
group, the highest standard UBRs on subscales were SCZ-T
(51.2%), ANX-C (34.7%), ANX-A (30.5%), and DEP-A
(28.2%); having a skyline-elevated subscale was unusual in
this group as all UBRs fell below 10%. For the PTSD
group, the highest standard UBRs on subscales were ARD-T
(79.2%), SCZ-T (64.1%), ANX-A (56.8%), and DEP-A
(56.8%). PTSD group UBRs of skyline elevations all fell
below 10% except for PAR-H (15.1%), SCZ-S (14.1%),
SOM-S (11.5%), ANX-P (10.9%), and PAR-R (10.4%). For
simulators, most UBRs of standard-elevated subscales fell
above 50% with the highest rates observed on ARD-T
(89.4%), DEP-C (87.5%), ANX-A (86.9%), and ANX-P
(86.3%). PTSD simulator respondents also commonly
yielded skyline-elevated subscales, with highest UBRs
observed on ARD-P (62.5%), ANX-P (58.1%), SCZ-P
(53.8%), and PAR-P (51.2%).

Multivariate base rates on clinical scales

Table 4 presents cumulative MBR of standard and skyline
elevations for the PAI clinical scales. Obtaining one or
more (j=1) standard elevation across scales was quite com-
mon, irrespective of group (mood disorders = 62.2%, PTSD
= 85.3%, PTSD simulators = 92.5%). Next, it was unusual
for examinees in the mood disorders group (7.3%) and
PTSD group (7.9%) to obtain six or more (j=6) and eight
or more (j=8) standard elevations on scales, respectively.
Conversely, PTSD simulators rarely generated PAI profiles
with no (j=0) elevated scales (7.5%); that is, obtaining

standard elevations across all scales (j=11; 19.4%) was not
uncommon in this group.

Having one or more (j=1) skyline elevations on the
PAI clinical scales was also common for the PTSD (32.5%)
and PTSD simulator (77.5%) groups but not mood disor-
ders (9.7%). Indeed, most (90.3%) examinees in the mood
disorders group did not produce any (j=0) skyline eleva-
tions across scales. Next, it was unusual for the PTSD and
PTSD simulator groups to have three or more (j=3; 9.1%)
and 10 or more (j>10; 8.8%) skyline elevations on scales,
respectively.

Multivariate base rates on clinical subscales

Cumulative MBR of standard- and skyline-elevated scores on
PAI clinical subscales (k=28) are displayed on Table 5. As
with the clinical scales, examinees across groups commonly
obtained at least one standard-elevated score across sub-
scales: mood disorders = 85.4%, PTSD = 94.8%, PTSD sim-
ulators = 94.4%. Thresholds for an wunusual number of
standard-elevated scores (j) across subscales were as follows:
mood disorders j>12 (8.9%), PTSD j=19 (7.8%), and PTSD
simulators j=27 (7.5%).

With respect to MBR of skyline-elevated scores on PAI
clinical subscales, examinees commonly had at least one
skyline-elevated score in their response profile: mood disor-
ders = 34.2%, PTSD = 50.5%, PTSD simulators = 86.9%.
However, it was unusual for participants in the mood disor-
ders and PTSD group to obtain three or more (j=3; 7.6%)
and seven or more (j=7; 8.3%) of skyline-elevated scores,
respectively. In stark contrast, it was unusual for those in the
PTSD simulator group to obtain 20 or more (j=20; 8.8%)
skyline-elevated scores.
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Table 3. Univariate base rates of standard (left) and skyline (right) cutoff elevations on the PAI clinical subscales.

Standard elevations

Skyline elevations

Group, n (%)

Group, n (%)

Mood dx PTSD PTSD sim Mood dx PTSD PTSD sim
PAI subscale n=383 n=192 n=160 PAI subscale n=383 n=192 n=160
SOM-C T=70 54 (14.1) 71 (37.0) 122 (76.3) SOM-C T>93 8 (2.1) 19 (9.9) 68 (42.5)
SOM-S T=70 68 (17.8) 91 (47.4) 120 (75.0) SOM-S T>86 10 (2.6) 22 (11.5) 53 (33.1)
SOM-H T=70 41 (10.7) 62 (32.3) 112 (70.0) SOM-H T=>85 7 (1.8) 14 (7.3) 42 (26.3)
ANX-C T=70 133 (34.7) 93 (48.4) 128 (80.0) ANX-C T=89 5(1.3) 8 (4.2) 31 (19.4)
ANX-A T>70 117 (30.5) 109 (56.8) 139 (86.9) ANX-A T>91 6 (1.6) 12 (6.3) 47 (29.4)
ANX-P T>70 93 (24.3) 77 (40.1) 138 (86.3) ANX-P T>89 13 (3.4) 21 (10.9) 93 (58.1)
ARD-O T>=70 51 (13.3) 52 (27.1) 56 (35.0) ARD-O T>78 15 (3.9) 8 (4.2) 24 (15.0)
ARD-P T=70 37 (9.7) 46 (24.0) 123 (76.9) ARD-P T>79 8 (2.1) 12 (6.3) 100 (62.5)
ARD-T T>70 104 (27.2) 152 (79.2) 143 (89.4) ARD-T T>=99 1(0.3) 17 (8.9) 48 (30.0)
DEP-C T>70 93 (24.3) 85 (44.3) 140 (87.5) DEP-C T>96 7 (1.8) 17 (8.9) 68 (42.5)
DEP-A T>70 108 (28.2) 109 (56.8) 136 (85.0) DEP-A T>99 6 (1.6) 15 (7.8) 43 (26.9)
DEP-P T>70 97 (25.3) 103 (53.6) 133 (83.1) DEP-P T>86 5(1.3) 15 (7.8) 44 (27.5)
MAN-A T>70 47 (12.3) 27 (14.1) 50 (31.3) MAN-A T>76 24 (6.3) 10 (5.2) 22 (13.8)
MAN-G T>70 22 (5.7) 6 (3.1) 4 (2.5) MAN-G T>74 10 (2.6) 4 (2.1) 2 (1.3)
MAN-I T>70 50 (13.1) 46 (24.0) 76 (47.5) MAN-I T>78 20 (5.2) 19 (9.9) 44 (27.5)
PAR-H T>70 73 (19.1) 77 (40.1) 121 (75.6) PAR-H T>83 14 (3.7) 29 (15.1) 66 (41.3)
PAR-P T>70 30 (7.8) 38 (19.8) 120 (75.0) PAR-P T>83 10 (2.6) 16 (8.3) 82 (51.2)
PAR-R T>70 41 (10.7) 47 (24.5) 117 (73.1) PAR-R T=81 15 (3.9) 20 (10.4) 76 (47.5)
SCZ-P T=70 25 (6.5) 17 (8.9) 103 (64.4) SCZ-P T=80 9 (23) 7 (3.6) 86 (53.8)
SCZ-S T=70 85 (22.2) 88 (45.8) 129 (80.6) SCZ-S T=87 15 (3.9) 27 (14.1) 72 (45.0)
SCZTT=70 196 (51.2) 123 (64.1) 133 (83.1) SCZ-T T=93 22 (5.7) 12 (6.3) 55 (34.4)
BOR-A T>70 63 (16.4) 73 (38.0) 127 (79.4) BOR-A T>91 3 (0.8) 3 (1.6) 25 (15.6)
BOR-I T>70 83 (21.7) 66 (34.4) 101 (63.1) BOR-I T>89 3 (0.8) 0 (0.0) 11 (6.9)
BOR-N T>70 66 (17.2) 60 (31.3) 110 (68.8) BOR-N T>87 9(2.3) 6 (3.1) 21 (13.1)
BOR-S T>70 28 (7.3) 24 (12.5) 109 (68.1) BOR-S T>88 3 (0.8) 5(2.6) 43 (26.9)
ANT-A T=70 21 (5.5) 29 (15.1) 82 (51.2) ANT-A T>84 2 (0.5) 1 (0.5) 19 (11.9)
ANT-E T>70 15 (3.9) 6 (3.1) 100 (62.5) ANT-E T>78 7 (1.8) 3 (1.6) 78 (48.8)
ANT-S T>70 48 (12.5) 30 (15.6) 96 (60.0) ANT-S T=81 19 (5.0) 8 (4.2) 52 (32.5)
AGG-A T>70 44 (11.5) 47 (24.5) 111 (69.4) AGG-A T=81 8 (2.1) 16 (8.3) 49 (30.6)
AGG-V T=70 23 (6.0) 27 (14.7) 60 (37.5) AGG-V T>74 17 (4.4) 18 (9.4) 51 (31.9)
AGG-P T=70 27 (7.0) 46 (24.0) 130 (81.3) AGG-P T>93 4 (1.0) 9 (4.7) 72 (45.0)

Note. PAl: Personality Assessment Inventory; PTSD: Posttraumatic stress disorder;
definitions.

PTSD sim: PTSD simulators; See Supplemental Table 6 for subscale acronym

Table 4. Cumulative multivariate base rates of standard (left) and skyline (right) cutoff elevations on the PAI clinical scales.

Standard elevations

Skyline elevations

Group, n (%)

Group, n (%)

Number of Mood dx PTSD PTSD sim Number of Mood dx PTSD PTSD sim
elevations n=>524 n=252 n=160 elevations n=>524 n=252 n=160
0 (none) 198 (37.8) 7 (14.7) 2 (7.5) 0 (none) 473 (90.3) 170 (67.5) 36 (22.5)
1 or More 326 (62.2) 215 (85.3) 148 (92.5) 1 or More 51 (9.7) 82 (32.5) 124 (77.5)
2 or More 216 (41.2) 186 (73.8) 148 (92.5) 2 or More 14 (2.7) 40 (15.9) 104 (65.0)
3 or More 157 (30.0) 158 (62.7) 145 (90.6) 3 or More 3 (0.6) 23 (9.1) 93 (58.1)
4 or More 100 (19.1) 135 (53.6) 144 (90.0) 4 or More 1(0.2) 15 (6.0) 84 (52.5)
5 or More 68 (13.0) 100 (39.7) 140 (87.5) 5 or More 1(0.2) 8 (3.2) 69 (43.1)
6 or More 38 (7.3) 1(28.2) 133 (83.1) 6 or More 1(0.2) 3(1.2) 57 (35.6)
7 or More 26 (5.0) 5 (17.9) 127 (79.4) 7 or More 1(0.2) 2 (0.8) 46 (28.7)
8 or More 7 (1.3) 20 (7.9) 125 (78.1) 8 or More 0 (0.0) 2 (0.8) 37 (23.1)
9 or More 4 (0.8) 8 (3.2) 114 (71.3) 9 or More 0 (0.0) 0 (0.0) 27 (16.9)
10 or More 1(0.2) 4 (1.6) 97 (60.6) 10 or More 0 (0.0) 0 (0.0) 14 (8.8)
1 (All) 1(0.2) 1(0.4) 31 (19.4) 1 (All) 0 (0.0) 0 (0.0) 4 (2.5)
j, Med (IQR) 1.0 (3.0) 4.0 (4.0) 10 (2.0) Jj, Med (IQR) 0.0 (0.0) 0.0 (1.0) 4.0 (6.0

Note. PAl: Personality Assessment Inventory; PTSD: posttraumatic stress disorder; P

TSD sim: PTSD simulators; j: summed number of elevations; Med: median; IQR:

interquartile range. Cells shaded gray indicate MBR of j elevations considered “unusual” (i.e., <10%).

ROC analyses differentiating PTSD and mood disorders
from PTSD simulators

Supplemental Table 10 presents ROC curve summary statistics
for MBR indicators, NIM, and MFI in differentiating (a)
PTSD (referent) from PTSD simulators and (b) mood disor-
ders (referent) from PTSD simulators (see Supplemental
Figures 1 and 2 for respective ROC graphs). All AUC values
yielded from MBR indicators and NIM were significant (all
p-values < .001), and most fell in the “moderate” diagnostic

efficacy interpretive range. Next, across models, standard-
elevation MBR indicators were nominally superior to
skyline-elevation ones, as were clinical scale relative to sub-
scale. For the PTSD vs. PTSD simulator models, MBR AUC’s
ranged from .817 to .862 and were comparable to NIM and
MFI (AUC = .864 and .818, respectively). These findings were
mirrored in the mood disorders vs. PTSD simulator models,
with MBR AUC’s ranging from .866 to .915 and analogous to
NIM and MFI (AUC = .913 and .912, respectively).
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Table 5. Cumulative multivariate base rates of standard (left) and skyline (right) cutoff elevations on the PAI clinical subscales.

Standard elevations

Skyline elevations

Group, n (%)

Group, n (%)

Number of Mood dx PTSD PTSD sim Number of Mood dx PTSD PTSD sim
elevations n=383 n=192 n=160 elevations n=383 n=192 n=160
0 (none) 56 (14.6) 10 (5.2) 9 (5.6) 0 (none) 252 (65.8) 95 (49.5) 21 (13.1)
1 or More 327 (85.4) 182 (94.8) 151 (94.4) 1 or More 131 (34.2) 7 (50.5) 139 (86.9)
2 or More 278 (72.6) 169 (88.0) 149 (93.1) 2 or More 58 (15.1) 2 (32.3) 126 (78.8)
3 or More 239 (62.4) 158 (82.3) 148 (92.5) 3 or More 29 (7.6) 4 (22.9) 119 (74.4)
4 or More 196 (51.2) 148 (77.1) 147 (91.9) 4 or More 20 (5.2) 1(16.1) 111 (69.4)
5 or More 169 (44.1) 138 (71.9) 145 (90.6) 5 or More 11 (2.9) 5(13.0) 103 (64.4)
6 or More 140 (36.6) 136 (70.8) 145 (90.6) 6 or More 9 (2.3) 1(10.9) 95 (59.4)
7 or More 119 (31.1) 128 (66.7) 144 (90.0) 7 or More 4 (1.0) 6 (8.3) 88 (55.0)
8 or More 98 (25.6) 113 (58.9) 143 (89.4) 8 or More 2 (0.5) 12 (6.3) 82 (51.2)
9 or More 83 (21.7) 100 (52.1) 141 (88.1) 9 or More 1(0.3) 11 (5.7) 77 (48.1)
10 or More 67 (17.5) 92 (47.9) 137 (85.6) 10 or More 1(0.3) 8 (4.2) 70 (43.8)
11 or More 51 (13.3) 85 (44.3) 137 (85.6) 11 or More 1(0.3) 6 (3.1) 68 (42.5)
12 or More 34 (8.9) 76 (39.6) 134 (83.8) 12 or More 1(0.3) 4 (2.1) 55 (34.4)
13 or More 25 (6.5) 60 (31.3) 132 (82.5) 13 or More 1(0.3) 3 (1.6) 50 (31.3)
14 or More 17 (4.4) 48 (25.0) 129 (80.6) 14 or More 1(0.3) 3 (1.6) 49 (30.6)
15 or More 15 (3.9) 45 (23.4) 126 (78.8) 15 or More 1(0.3) 2 (1.0) 45 (28.1)
16 or More 10 (2.6) 38 (19.8) 122 (76.3) 16 or More 1(0.3) 1 (0.5) 32 (20.0)
17 or More 6 (1.6) 28 (14.6) 119 (74.4) 17 or More 1(0.3) 1 (0.5) 28 (17.5)
18 or More 5(1.3) 20 (10.4) 115 (71.9) 18 or More 1(0.3) 1 (0.5) 25 (15.6)
19 or More 4 (1.0) 15 (7.8) 108 (67.5) 19 or More 1(0.3) 1 (0.5) 19 (11.9)
20 or More 2 (0.5) 11 (5.7) 98 (61.3) 20 or More 1(0.3 1 (0.5) 14 (8.8)
21 or More 2 (0.5) 7 (3.6) 8 (55.0) 21 or More 0 (0.0) 0 (0.0) 10 (6.3)
22 or More 1 (0.3) 4 (2.1) 80 (50.0) 22 or More 0 (0.0) 0 (0.0) 6 (3.8)
23 or More 1(0.3) 3 (1.6) 72 (45.0) 23 or More 0 (0.0) 0 (0.0) 3 (1.9)
24 or More 0 (0.0) 1 (0.5) 67 (41.9) 24 or More 0 (0.0) 0 (0.0) 1 (0.6)
25 or More 0 (0.0) 1(0.5) 9 (30.6) 25 or More 0 (0.0) 0 (0.0) 0 (0.0)
26 or More 0 (0.0) 1 (0.5) 29 (18.1) 26 or More 0 (0.0) 0 (0.0) 0 (0.0
27 or More 0 (0.0) 0 (0.0) 2 (7.5) 27 or More 0 (0.0) 0 (0.0) 0 (0.0)
28 (All) 0 (0.0) 0 (0.0 1 (0.6) 28 (All) 0 (0.0) 0 (0.0) 0 (0.0
Jj, Med (IQR) 4.0 (7.0 9 (9.8) 21.5 (9.0) Jj, Med (IQR) 0.0 (1.0) 1.0 (2.0) 8.0 (13.0)

Note. PAI: Personality Assessment Inventory; PTSD: Posttraumatic stress disorder; PTSD sim: PTSD simulators; j: summed number of elevations. Cells shaded gray

indicate MBR of j elevations considered “unusual” (i.e., <10%).

Optimal cutoffs (=) of j identified by the Youden’s index
for each MBR marker approximated j thresholds identified
using Brooks et al. (2011) definition of unusual MBR (ie., <
10%). For example, the unusual MBR thresholds on PAI clin-
ical scales for the PTSD group were j=8 for standard eleva-
tions and j>3 for skyline elevations. These were near identical
to the Youden’s index cutoffs in the PTSD vs. PTSD simula-
tors models: j>7.5 for standard elevations and j>1.5 for sky-
line elevations on PAI clinical scales. Importantly, MBR of
standard elevations on clinical scales yielded the highest
Youdens statistic (J) compared to all other variables in both
models, indicating strongest diagnostic performance.

Irrespective of referent (i.e., PTSD or mood disorders),
AUC analysis indicated the optimal MBR cutoffs yielded
acceptable sensitivity (.650 to .806) and robust specificity
(.833 to .984) classification statistics. The NIM and MFI rec-
ommended cutoffs produced similar sensitivity (.650 to .763)
and specificity (.771 to .990) statistics. Next, for MBR-based
cutoffs, overall classification accuracy ranged from 76.7 to
86.7% for discerning PTSD from PTSD simulators, and 87.1
to 93.9% for discerning mood disorders from PTSD simula-
tors. These markers performed similarly to the recommended
NIM and MFI cutoffs, which correctly classified 83.0% and
77.9% of cases (respectively) for the PTSD vs. PTSD simu-
lators model, and 90.8% and 92.0% of cases (respectively)
for the mood disorders vs. PTSD simulators model. Lastly,
substantial agreement was observed among all indicators (k’s
= .652 to .914), irrespective of model, and there was a trend

of stronger agreement between MBR and MFI cutoffs (see
Supplemental Table 11). We conducted sensitivity analyses
including the PTSD simulators (n=55) who were originally
excluded for ICN > 73 and/or INF 2> 75. All ROC models
and classification rates remained consistent with the initial
analyses with AUC value A’s < .010 (see Supplemental Table
12). Thus, MBR showed utility in detecting simulators with
systematic and/or unsystematic distortion.

As a final exploratory analysis, we tested the incremental
validity of MBR versus NIM and MFI in predicting simu-
lated PTSD. We entered each MBR variable (standard scale,
skyline subscale, standard subscale, skyline subscale) in sep-
arate multinomial logistic regression models alongside NIM
and MFI to predict group (genuine PTSD, mood disorders,
PTSD simulators) with PTSD simulators set as the referent.
For ease of interpretability, we reran models setting compar-
ison groups, e.g., genuine PTSD, as the referent so that pos-
itive odds ratios indicate increased odds of PTSD simulator
group status for a given variable. MBRs were incrementally
predictive of group status across virtually all models when
accounting for NIM and MFI. Standard elevations on PAI
clinical scales demonstrated the strongest incremental effect
for predicting PTSD simulator group status compared to
genuine PTSD (OR = 1.90; 95% CI = 1.54, 2.33; p < .001)
and mood disorders (OR = 1.89; 95% CI = 1.52, 2.34; p <
.001). That is, profiles with more elevations were associated
with increased odds of simulated PTSD relative to examin-
ees in our genuine PTSD and mood disorders groups.
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NIM was significant across models but with smaller incre-
mental effects (ORs ranging from 1.06 to 1.09). Higher MFI
was generally not associated with increased odds of simu-
lated PTSD group membership after adjusting for other
indicators (see Supplemental Table 13).

Discussion
Review of key findings

This study presents comprehensive univariate base rates
(UBR) and multivariate base rates (MBR) of standard and
skyline-elevations across PAI indicators (clinical scales and
subscales), and for multiple groups (mood disorders, genu-
ine PTSD, and PTSD simulators). We also evaluated the
diagnostic efficacy of MBR outcomes, which yielded broadly
acceptable sensitivity and specificity values for clinical use
(Larrabee et al, 2019), which were comparable to those
from NIM. UBR on most PAI indicators were highest in
PTSD simulators followed by the PTSD and then mood dis-
orders group. This same probability gradient (PTSD simula-
tors>PTSD >mood disorders) was observed across MBR
outcomes. Our data show compelling evidence that it is not
uncommon for examinees with PTSD and mood disorder
diagnoses to obtain some standard and skyline elevations on
the PAIL Critically, marked differences in MBR were observed
in the mood and PTSD groups vs. the PTSD simulators.
Exploratory analyses also revealed superior incremental
validity of MBRs (especially number of standard elevations
across clinical scales) in predicting simulated PTSD (from
genuine PTSD or mood disorders) when adjusting for NIM
and MFI. However, we advise cautious interpretation of
those findings given the inter-correlations and overlap of
items among these embedded PAI indicators.

Synthesis of findings with prior literature

Keeping with past research on negative distortion PAI scales,
MBR indicators significantly differed between examinees with
genuine vs. feigned PTSD presentations. While prior literature
found Cohen’s d values ranging between 0.60 and 1.60 for the
existing scales (Calhoun et al, 2010; Liljequist et al., 1998;
Rogers et al., 1993; Russell & Morey, 2019; Scragg et al., 2000;
Thomas et al, 2012), MBR indicator effects consistently
exceeded 1.00 (d ranging from -1.33 to -1.65) and were
comparable to NIM (d=-1.78) and MFI (d=1.30) in our data
(see Supplemental Table 14). The MBR indicators also demon-
strated comparable diagnostic accuracy to the most robust
findings in past literature (which is with variable findings for
extant scales). For example, the strongest reported findings for
NDS captured 97% of genuine PTSD and 64% of feigned
PTSD cases (Thomas et al., 2012), which is comparable to our
classification rates for the identified MBR cutoff for clinical
scale standard elevations (92.1% of genuine PTSD and 78.1%
of simulated PTSD cases correctly identified). The clinical
scale standard elevation MBR sensitivity and specificity statis-
tics (781 and .917, respectively) are also consistent with the
most robust MFI findings reported (i.e., .591 and .920, respec-
tively; Russell & Morey, 2019). The comparable, if not

stronger, findings in our study relative to past research should
be contextualized in the setting of methodological differences
across studies, namely that we relied on a simulator sample
whereas other studies featured examinees feigning under nat-
ural circumstances.

Over-reporting detection on broadband personality mea-
sures involves a variety of theorized methods as a basis for
over-reporting scale development (e.g., rare, quasi-rare;
Burchett & Bagby, 2022; Rogers & Bender, 2020) and indi-
vidual scales (e.g., NIM) generally produce effects within a
stable and standard, general range across each of the classi-
fication methods used, regardless of instrument. On the PAI,
for instance, meta-analytic findings for over-reporting scales
have consistently evidenced (1) a general effect (d) range of
0.75 to 1.50 for standardized mean differences that vary sys-
tematically according to the evaluation context, (2) higher
standard deviations in identified feigning groups (both crite-
rion and simulation design), up to approximately twice the
size of normative data, and (3) sensitivities between .10 and
.50 when specificity is set to .90 or greater (Hawes &
Boccaccini, 2009; Herring et al., 2025). Indeed, various sup-
plemental personality assessment scales, including those on
the PAI (e.g., MFI; Gaines et al., 2013), rely on this broad
response tendency to detect feigned presentations, as does
research demonstrating regular co-elevation even amongst
distinct domain focused scales (e.g., Ingram et al., 2020).
Even when scales are refined and narrowed in their con-
struction to have only “face valid” content of a specific
domain (e.g., cognitive), those revised SVTs tend to produce
statistically equivalent effects to scales prior to revision (see
Ingram et al.,, 2024; Ratcliffe et al., 2024).

This tendency of over-reporting to occur as a general
“saturated” response comes in contrast with practice-based
recommendations to differentiate SVT presentations accord-
ing to cognitive, somatic, and psychological symptoms (e.g.,
Rogers & Bender, 2020; Sherman et al., 2020). This general-
ized response could be conceptualized as a “Symptom
Severity” approach, given that elevations on such substantive
scales, ipso facto, indicate a higher degree of symptoms.
However, symptom severity approaches, while largely
under-developed within the SVT literature, rely on a diver-
sity of symptom domains (Rogers & Bender, 2020). In con-
trast, at both univariate and multivariate levels, the diversity
of symptom domains appears to matter minimally. In this
vein, Gaines et al. (2013) noted that “Individuals tend to
report numerous symptoms across a wide variety of diagnos-
tic categories rather than focusing on a particular diagnostic
category” and that those individuals “tend to report that
most, if not all, of their symptoms are quite severe rather
than mild or moderate” (p. 439). Likewise, Ingram et al.
(2024) conclude their approach works because of the under-
lying “infrequency-based” methods wherein “summed or
otherwise parceled information (e.g., substantive scale
scores)”, and reference MBR as an example of this detection
pattern (p. 13). Thus, generalized responding is not depen-
dent on symptom diversity and MBR’s effectiveness and
strength comes from the tendency for those distinctions not
to matter, as they do not show up in a high symptom
endorsement profile.
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Accordingly, the MBR approach provides another method
to make determinations of over-reporting using elevation ceil-
ings and fits within the recent proliferation of symptom
validity-focused research and methodologic advancements
(Suchy, 2019; Whiteside & Basso, 2024). Given the low fre-
quency of a ceiling elevation (i.e., skyline profile on the PAI),
as well as the even lower cumulative frequency of multiple
such elevations, the MBR approach offers an additional indica-
tor of over-reported, invalid responding. MBR also offer a
warning sign of subsequent poor assessment data quality, as
would any elevated validity scale. Such a finding, however,
does not negate the usefulness of other such scales. NIM, for
instance, has also produced strong, standardized effect sizes
(Hawes & Boccaccini, 2009; Herring et al, 2025). Further,
NIM and MFI performed well (albeit slightly less so than
MBR) in the current study, and agreement among respective
cutoffs was substantial. These trends likely reflect the high
portion of shared variance across SVTs (Shura et al., 2025).
Notably, however, the MBR approach tends to produce higher
classification estimates, particularly concerning sensitivity
(Larrabee, 2012).

At present, detection of SVT-based over-reporting should
bear in mind that the conclusions for when a scale is ele-
vated rests on specificity (e.g., low rate of false positives;
Sherman et al, 2020) and that high specificity does not
indicate a true positive, per se (e.g., we are not concluding
that an individual over-reports necessarily). If replicated
across a diversity of criterion-identified studies, these find-
ings may lead to a preference for MBR-based measures given
this strength in scale sensitivity. It is also worth noting that
over-reporting classification methods and statistics have also
faced cogent criticisms (e.g., Leonhard, 2023) though not all
agree with those criticisms (e.g., Bush, 2023; Young &
Erdodi, 2024). This study’s support for MBR principles sug-
gests a need to empirically test domain-specific SVT practice
guidelines (Sherman et al., 2020; Sweet et al., 2021).

Limitations

While this study possessed several strengths such as our
robust well-defined clinical samples, comprehensive approach
to appraising likelihoods of clinical scale and subscale eleva-
tions on the PAI, and considering skyline elevation cutoffs
for each protocol analyzed, several limitations warrant dis-
cussion. First, sex and age differences were observed among
groups, particularly the simulator group (which was largely
composed of females in their 20s). It is possible that simu-
lator groups with a different demographic composition may
simulate PTSD differently. In a somewhat similar vein, the
mood disorders and PTSD groups were largely comprised of
older males. More broadly, most of the study population
identified as non-Hispanic White and this may limit gener-
alizability of findings. Encouragingly, follow-up within-group
analyses revealed that demographic factors were not mean-
ingfully related to MBR outcomes. This is in-line with prior
MBR literature on self-report instruments (Aita et al., 2022;
2023; Ingram & Karr, 2024). Nevertheless, future lines of

research should consider replicating our findings in demo-
graphically matched, and racially/ethnically diverse, groups.

Another important limitation is our lack of detailed
information with respect to PTSD diagnoses such as data on
inter-rater reliability of diagnoses, specific diagnostic meth-
ods employed (e.g., structured and/or unstructured inter-
views), and how final determinations of whether participants
met diagnostic criteria were adjudicated. This limitation is
partly attributable to the complex series of diverse subsam-
ples we drew from applied settings (some of which included
retrospective chart reviews and reliance on historical diagno-
ses on problem lists) to address our research aims.
Nonetheless, this limitation potentially challenges the accu-
racy of psychiatric diagnoses for our clinical groups.
Relatedly, we only featured one general PTSD group and do
not account for distinct PTSD presentations given the disor-
der’s symptom heterogeneity (Borgogna et al., 2024) although
research with the PAI may not be aligned to do so given the
lack of profile discrimination (Ingram et al., 2021). While
we argue that MBR approach would likely demonstrate com-
parable diagnostic utility across clinical presentations as it
makes use of all PAI information, future studies are neces-
sary to clarify the generalizability of our findings to PTSD
subtypes and other psychiatric conditions. In a different
vein, we were only able to examine NIM and MFI alongside
MBR due to differences in available SVTs in the distinct
datasets we combined for this study. Future research exam-
ining an expanded selection of PAI SVTs in relation to MBR
is warranted.

Next, our PTSD group was exclusively composed of
respondents from military contexts (i.e., Veterans and SMs)
who largely had combat-related trauma experiences. As such,
it is unclear whether MBR from our military-based PTSD
group generalizes to civilians with PTSD. Indeed, literature
indicates trauma type and other sociodemographic variables
are associated with PTSD presentation (Hetzel-Riggin &
Roby, 2013; Xue et al, 2015). Future studies featuring civil-
ian respondents with PTSD and other various psychiatric
disorders will be crucial to clarify the generalizability of the
MBR data we present here. Finally, we relied on PTSD sim-
ulators participating for class credit to serve as our target
invalidity group (criterion). Moreover, we did not provide
clear definitions of “trauma” and additional context regard-
ing the nature of the trauma to be feigned (e.g.,
combat-related). As such, our simulator group may not gen-
eralize to other contexts such as VA compensation claimants.
It is unclear whether our simulator group is a valid proxy
for actual respondents with financial incentives who are
feigning PTSD. Importantly, simulator groups are often used
in PVT and SVT research (Aita et al., 2018; Brennan et al,,
2009; Lange et al,, 2013; Lau et al,, 2017), though that fact
alone does not directly address the issue of equivalency
between simulators and actual feigners. Prior literature indi-
cates simulation-based validity studies overestimate sensitiv-
ity while underestimating specificity rates in the criterion
group (Sherman et al., 2020). Further, simulator coaching
that incorporates external incentives (in-line with our proce-
dure) yields more exaggerated levels of symptom endorse-
ment (Rogers & Cruise, 1998).
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Finally, base rates of malingering vary widely depending
on clinical setting and population (Aita et al, 2020;
Mittenberg et al.,, 2002). Our base rate of simulators within
the study population ranged from 23% to 39%, across anal-
yses, which in turn, has implications for future efforts to
replicate our calculated diagnostic accuracy estimates.
Moreover, a test’s sensitivity and specificity are differentially
susceptible to error posed by low and high base rate condi-
tions, respectively (Robinson et al., 2016). However, it should
be noted that our base rate simulator numbers are lower
than the base rate of failed validity indicators generally
observed in medicolegal contexts (Larrabee et al., 2009).

Given these possible limitations, additional studies are
needed to replicate our findings, but the current results
demonstrate the utility of using an MBR methodology to
detect symptom exaggeration on broad measures of emo-
tional functioning such as the PAI If replicated, the MBR
approach may serve as an additional supplemental indicator
of protocol validity for the PAI (e.g., McCredie & Morey,
2018). Applying MBR probabilities enhances interpretive
accuracy when considering an entire PAI response profile.
Tallying the number of elevated scales or subscales a respon-
dent produces helps differentiate genuine PTSD as well as
mood disorders from feigned PTSD. We advise clinicians
and researchers use multiple validated approaches when
appraising credibility of examinee presentations (Sherman
et al., 2020; Wygant et al., 2007).
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