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ABSTRACT

ARTICLE HISTORY

Objective: The present study evaluated the function of four cognitive, symptom validity scales on the Personality Assessment
Inventory (PAI), the Cognitive Bias Scale (CBS) and the Cognitive
Bias Scale of Scales (CB-SOS) 1, 2, and 3 in a sample of Veterans
who volunteered for a study of neurocognitive functioning.
Method: 371 Veterans (88.1% male, 66.1% White) completed a
battery including the Miller Forensic Assessment of Symptoms Test
(M-FAST), the Word Memory Test (WMT), and the PAI. Independent
samples t-tests compared mean differences on cognitive bias scales
between valid and invalid groups on the M-FAST and WMT. Area
under the curve (AUC), sensitivity, specificity, and hit rate across
various scale point-estimates were used to evaluate classification
accuracy of the CBS and CB-SOS scales. Results: Group differences
were significant with moderate effect sizes for all cognitive bias
scales between the WMT-classified groups (d = .52–.55), and large
effect sizes between the M-FAST-classified groups (d = 1.27–1.45).
AUC effect sizes were moderate across the WMT-classified groups
(.650–.676) and large across M-FAST-classified groups (.816–.854).
When specificity was set to .90, sensitivity was higher for M-FAST
and the CBS performed the best (sensitivity = .42). Conclusion:
The CBS and CB-SOS scales seem to better detect symptom invalidity than performance invalidity in Veterans using cutoff scores
similar to those found in prior studies with non-Veterans.
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Assessment of response bias, including performance (PVT) and symptom validity tests
(SVT), is a key component of a neuropsychological evaluation. Broadband personality
measures include SVTs, which rely on detecting invalid responding based on self-report
symptom levels and are typically focused on identifying over-reported psychological
symptoms (Rogers, 2008). However, detecting invalid reporting of cognitive symptoms,
which is related to but distinct from performance validity, is critical to
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neuropsychological evaluations because cognitive complaints frequently drive these
referrals. Because cognitive complaints may not fully align with actual performance
(Armistead-Jehle et al., 2012; Pearman, 2009) and most traditional SVTs focus on
psychological complaints, SVTs that identify exaggerated, misrepresented, or otherwise
invalid forms of cognitive symptom endorsement are critically needed within broadband instruments to allow integrative interpretation of test validity (Sherman et al.,
2020; Sweet et al., 2021).
The Personality Assessment Inventory (PAI; Morey, 2007) is a popular multi-scale,
self-report instrument that includes several symptom validity scales in addition to its
indices of psychopathology. The standard validity scales of the PAI, as well as several
supplemental scales, have shown to be effective SVTs (Hawes & Boccaccini, 2009);
however, the PAI has two weaknesses in the detection of overreporting. First, supplemental validity scales are rarely cross validated despite psychometric promise
(McCredie & Morey, 2018). Lack of validation limits generalizability to distinct populations that require special considerations. Second, until recently, none of the validity
scales on the PAI assessed cognitive symptom overreporting.
The Cognitive Bias Scale (CBS) was created using a civilian sample of mostly clinical
and a small number of forensic participants (Gaasedelen et al., 2019). A variety of
methods were used to ultimately identify 10 items. Although some of the items clearly
focus on cognitive complaints, others focus on broader patterns of anxiousness and
physical discomfort congruent with the non-cognitive/somatic scales from which some
items were drawn. As a post-creation validation (Gaasedelen et al., 2019), CBS was
contrasted across valid (n = 257) and invalid (n = 49) groups composed of those who
failed two PVTs, including at least one stand-alone measure (Word Memory Test [WMT]
or Test of Memory Malingering [TOMM]). Classification demonstrated large effects
(AUC = .72), resulting in a recommended cutoff score ≥ 19 to produce desired levels
of specificity (.96). Three subsequent cross-validations were published for the CBS. In
outpatients drawn from an academic medical center, Boress et al. (2022) observed
comparable performance at the ≥ 19 cutoff score (specificity = .92 and sensitivity =
.35). In a civil forensic setting, Tylicki et al. (2021) contrasted CBS performance to a
comparable cognitive SVT from which the CBS development was modeled (i.e.
Response Bias Scale [RBS]; Gervais et al., 2007), observing similar classification statistics
(.43 and .88 at the ≥ 19 cutoff score, respectively). However, these authors noted that
achievement of a desired false positive rate ≤ 10% (specificity ≥ .90) required a slightly
higher cutoff score of 20. When cross-validated in an active-duty service member
sample (Armistead-Jehle et al., 2020), CBS achieved comparable performance at lower
cut-scores using multiple invalid PVTs to group participants. A cutoff score of ≥ 14
produced a sensitivity of .32 and a specificity of .92. Therefore, in contrast to civilian
samples, active-duty samples needed a lower cutoff score to achieve similar diagnostic
accuracy.
Aside from the CBS, Boress et al. (2022) developed three additional SVTs targeting
cognitive symptoms, the Cognitive Bias Scale of Scales (CB-SOS) 1, 2, and 3. In contrast
to the CBS, which used individual item responses, CB-SOS 1, 2, and 3 have a scale-based
construction: CB-SOS-1 is the average T score of six scales (NIM, SOM, DEP, ANX, SCZ,
and SUI), CB-SOS-2 weighted those scales based on a binary logistic regression of
PVT failure, and CB-SOS-3 is the average of the seven scales or subscales with the
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highest AUC (SOM-C, DEP-P, SOM-S, ANX-P, SCZ, NIM, and PAR-R). Comparatively,
CB-SOS-3 performed best with large effect classification accuracy (AUC = .75) and
had equivalent sensitivity and specificity (.38 and .92 at the cutoff score of T ≥ 74,
respectively) to the CBS scale (Boress et al., 2022; Tylicki et al., 2021). Scales and
subscales selected for the various CB-SOS include broad measurement of some of
the same item-level content measured by CBS (e.g. SOM-S content is included in the
calculation of SOM, which is incorporated into CB-SOS-1 and a specific ANX-P item
in CBS overlaps with the inclusion of ANX-P in CB-SOS-3). One independent study
evaluated the CB-SOS and found medium to large effects between groups passing
and failing PVTs, observing similar performance as the CBS with active-duty personnel
(Ingram et al., in press). All of the prior studies focused on using PVTs as a criterion
for the CBS and SOS, and none evaluated the new scales in comparison to other SVTs.

Current study
The present investigation is the first study to evaluate the CBS and CB-SOS scales in
a sample of post-deployment Veterans. The creation of the CBS and CB-SOS scales
helps address the absence of cognitive SVTs on the PAI; Table 1 presents a summary
of sensitivity/specificity at tested cutoff scores for these scales. The scales have been
minimally cross validated, which is rare for supplemental validity scales, even for a
small number of studies (McCredie & Morey, 2018). However, active-duty military
populations have consistently differed on CBS and CB-SOS relative to civilian samples
in classification accuracy and recommended cutoff scores (i.e. Armistead-Jehle et al.,
2020; Ingram et al., 2020). Although Veteran samples share common experiences with
active-duty samples, Veteran populations are unique in their symptom validity assessment needs (Ray, 2017; Russo, 2013, 2018; Worthen & Moering, 2011) due to the
disability system tied to such assessments (DeViva & Bloem, 2003; Freeman et al.,
2008), potentially motivating Veterans to perform poorly on neuropsychological assessments. Additionally, the Department of Veterans Affairs and Department of Defense
follow different missions and life circumstances for service members and Veterans are
unique (for a discussion on this within the validity context, see Shura et al., 2021a).
Because of this, elevated symptom validity concerns are frequent and differ by evaluation context (Ingram et al., 2020), requiring that SVTs assessing all domains of invalid
content-based over-reporting are available within validated assessments. Given the
medical and psychiatric complexity of Veteran samples and omnipresence of disability
incentives in the VA, we predicted that 1) cutoff scores would need to be higher than
observed civilian cut scores, similar to what has been observed with other disability
samples (e.g. Tylicki et al., 2021) and consistent with the elevated scale scores typically
observed in veterans on broadband measures generally (Ingram et al., 2020) and across
PAI validity scale scores specifically (e.g. Ingram et al., 2022; Mozley et al., 2005), 2)
effect size metrics evaluating classification and between group comparison would be
lower and fall within the medium range, consistent with past work on the CBS and
CB-SOS scales (Armistead-Jehle et al., 2020; Ingram et al., in press; Boress et al., 2021;
Tylicki et al., 2021), and 3) our sensitivity would be low at adequate specificity, as is
typically in research on broadband measure validity scale research (see Rogers, 2008).

Sen.

Spec.

Gaasedelen et al. (2019)
Sen.

Spec.

Armistead-Jehle et al. (2020)
Sen.

Spec.

Tylicki et al. (2021)
Sen.

Spec.

Boress et al. (2022)

Sen.

Spec.

Ingram et al., in press

CBS
14
0.47
0.83
0.38
0.82
0.85
0.58
16
0.37
0.90
0.27
0.93
0.63
0.71
0.22
0.93
19
0.31
0.96
0.08
0.97
0.43
0.88
0.07
0.97
CB-SOS1
75
0.38
0.86
0.14
0.97
78
0.29
0.90
0.07
0.99
80
0.18
0.96
0.02
0.99
CB-SOS2
5.1
0.47
0.84
0.22
0.94
5.3
0.41
0.90
0.14
0.96
5.7
0.29
0.95
–
–
CB-SOS3
73
0.38
0.89
0.16
0.97
74
0.38
0.92
0.12
0.97
77
0.35
0.96
0.09
0.98
Sample
Mixed neuro outpatient
Active-duty military
Disability claimants
Mixed neuro outpatient
Active-duty military
N
306
197
588
332
288
Note. CBS = Cognitive Bias Scale; CB-SOS = Cognitive Bias Scale of Scales. Sen. = sensitivity. Spec. = specificity. Bold values are those which represent the cutoff score recommended
by the authors. If no bolding was present (e.g. CB-SOS-2 and CBSOS-3 in Ingram et al., in press), this missingness indicates that identified values are below reported score ranges.
Not all studies included all PAI cognitive overreporting scales and all scales assessed within each study are listed. Armistead-Jehle et al. (2020) provided a number of classification
tables, and those listed here are based on the “pass all or fail any” groups.

Scale
and ≥ cutoff

Table 1. Summative cutoff scores recommended across existing CBS/CB-SOS literature.
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Method
Participants
Participants were 404 Operations Enduring Freedom, Iraqi Freedom, New Dawn (OEF/
OIF/OND)-era Veteran service members assessed in a multi-site, prospective research
study conducted by the Neurocognition Laboratory of the VA Mid-Atlantic Mental
Illness Research, Education, and Clinical Center. Participants completed the study
between 2006 and 2016. The purpose of this study was to evaluate neuropsychological
differences among Iraq/Afghanistan-era Veterans with PTSD and/or a history of TBI
compared to healthy controls (Shura et al., 2021b). For the current manuscript, all
participants were included regardless of diagnostic status, including controls. Initial
exclusion criteria were completion of neuropsychological evaluation within six months
of study enrollment, active psychotic symptoms, and presence of an active substance
use disorder. Additional exclusion criteria for the current analyses were PAI profiles
invalidated by non-content-based responding (Inconsistency [INC] > 72 [n = 15] and
Infrequency [INF] > 74 [n = 13]) and a lack of a completed Word Memory Test (WMT,
n = 4), typically due to computer malfunction. Application of these exclusion criteria
resulted in a final analytic sample of N = 371.
Institutional Review Board approval was obtained at each of the three Veterans
Affairs Medical Center (VAMC) sites located in the Mid-Atlantic region. Participation
was voluntary and written informed consent was obtained prior to conduct of any
study activities. Participants were identified and recruited from a prior registry study,
the Post-Deployment Mental Health study (Brancu et al., 2017) completed on a prior
date and the patient population at two sites ([site 1] n = 46; [site 2] n = 264), and from
VAMC Polytrauma/TBI System of Care inpatient, residential, and outpatient rehabilitation programs at a third site ([site 3] n = 61). Although all participants were volunteers
for the Neurocognition study, all were enrolled in the VA for health care, and a small
number dually consented to use their data for clinical purposes at one site (site 2).
Individuals were reimbursed for their time and travel. The welfare of human subjects
was protected.

Measures
The larger study from which these data derive included 21 cognitive measures, the
WMT, and five self-report symptom measures, including the PAI. Specific measures
used in the present analysis are described below. All measures were administered in
a fixed order and according to test manuals.

Miller forensic assessment of symptoms test (M-FAST; Miller, 2001)
The M-FAST is a brief, structured interview approach to identifying feigning. The
measure includes 25 items across seven strategies for identifying response bias,
including discrepancies between reported and observed symptoms, extreme symptoms, rare symptom combinations, unusual psychotic symptoms, unusual symptom
course, overly negative self-image, and suggestibility. The cutoff score recommended in the manual was used to identify invalid responders in the current

6

R. D. SHURA ET AL.

sample (8.7%, n = 29). The test manual (Miller, 2001) reports an initial reliability
of α = .92.

Word memory test (WMT; Green, 2005)
The WMT 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 minutes. A Consistency Score (CNS) is calculated 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 were used in analyses. When designing the study battery, not
all WMT subtests were included given the objectives, time demands, and logistic
constraints of the study. Thus, the Genuine Memory Impairment Profile (“dementia
profile”) cannot be examined. The WMT was scored using the established cutoffs in
the manual to identify valid and invalid scores (Green, 2005). For this study, if IR, DR,
or CNS was in the invalid score range, the participant was identified as invalid (21.3%;
n = 79).
Personality assessment inventory (PAI; Morey, 2007)
The PAI is a 344-item, multi-scale, self-report measure of psychiatric symptoms and
distress with four main symptom validity scales and several additional scales validated
primarily for the detection of psychiatric symptom over-reporting (McCredie & Morey,
2018). Along with validity scales, the PAI contains numerous substantive scales assessing clinical and treatment relevant considerations. In general, the PAI has been robustly
studied and validated in Veterans (e.g. Bellet et al., 2018; Blalock et al., 2020; Ingram
et al., 2022; Miskey et al., 2015; Shura et al., 2021b; Wallin et al., 2009). The manual
reports initial median reliabilities across scales from α = 0.81 to α = 0.86. The Cognitive
Bias Scale and three Scale of Scales were independently created using existing PAI
items and scales (Boress et al., 2022; Gaasedelen et al., 2019). Initial reliability for CBS
was α = .77; reliabilities were not reported for the three SOS.
Analytic plan
Tests were administered by neuropsychologists and post-doctoral fellows or psychology
technicians under supervision of neuropsychologists. The WMT and PAI were administered on identical laptop computers at each of the three VAMC sites. CBS and CB-SOS
scales were calculated from the PAI. Participants were then categorized as valid/invalid
based on the WMT (PVT) and the M-FAST (SVT). Invalid scores on a single PVT was
used as criterion. Of note, many sources recommend invalid scores on two or more
measures as criterion. However, this follows the assumption that true cognitive impairment drives the failure. This is exceptionally unlikely with the WMT in our sample
that consists of Veterans who have no compelling neurological reason to fail the IR,
DR, or CNS subtests (especially given that the majority of moderately to severely
neurologically impaired individuals studied in research pass the WMT [see for example,
Carone, 2014; Donders & Boonstra, 2007; Green et al., 2009]). Also, the NAN position
paper by Bush et al. (2005, p. 422) states: “Performance below established cut-off
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scores on one or more [emphasis added] well-validated tests designed to measure
exaggeration or fabrication of cognitive deficits suggests insufficient effort to do well.”
Finally, the updated 2021 AACN consensus paper (Sweet et al., 2021, pp. 36–37) notes,
“However, to date, there is a lack of consensus as to the best approach to classify
the single-fail cases, which in the view of the consensus panel requires additional
research.” Consequently, we feel like the use of the WMT in isolation is adequate for
the current study. This also provides a direct comparison to one set of analyses performed in the Armistead-Jehle et al. (2020) CBS cross-validation (Table 2).
Correlations were computed between all study measures. Mean differences on
cognitive bias scales were calculated between M-FAST and WMT valid/invalid groups
using independent sample t-tests and Cohen’s d effect size magnitudes. Effects were
considered small (0.20–0.49), medium (0.50–0.79), or large (≥0.80), consistent with
recommendations of interpretation for clinical sample studies in response style (Rogers,
2008). Medium and large effects indicate clinically meaningful differences (Rosnow
et al., 2000) and were determined a priori as required for supporting differences
between groups. Following mean comparisons, classification accuracy of the CBS and
CB-SOS scales was evaluated using area under the curve (AUC) along with sensitivity,
specificity, and hit rate across various scale point-estimates. Effective classification was
defined by a specificity of at least .90 (Sweet et al., 2021), indicating a low rate of
false positives. Large effects for classification accuracy were determined by AUC values
greater than .714, which approximate large effect sizes (Cohen, 1988; Rice & Harris,
2005). Data were analyzed using SAS Enterprise Guide and Stata MP version 17.0.

Results
Participant demographics are reported in Table 2. Demographic makeup of the
sample was generally male (88.1%) and White (66.1%), with a mean age of 35.0 years
and at least some college education (69.6%). Participants were heterogeneous
across demographic factors and diagnoses. Participants identified as invalid using
the WMT or M-FAST were similar in age to those who did not (t tests for age p >
.05). In contrast, males were more likely to invalidate the WMT compared to females:
invalid males = 23.85%; invalid females = 2.27%; χ2 (1, n = 371) = 10.78, Fisher’s <
.001. Small cell size limited the ability to compare education level across validity
groupings. Diagnostic and disability variables are presented in Table 3 by validity
status. As would be expected, the M-FAST was related to major depressive disorder
(MDD) and posttraumatic stress disorder (PTSD), but not TBI. In contrast, the WMT
was related to TBI status and PTSD, but not MDD. Neither current service-connected
disability, nor actively filing for disability claim statuses were significantly higher
in the invalid groups for both WMT and M-FAST. Significant but weak correlations
were observed among percent service-connected disability the four CBS: CBS
r = 0.35, SOS1 r = 0.30, SOS2 r = 0.39, SOS3 r = 0.33. Additionally, there were no significant differences in WMT invalidity rates across the three sites: site 1, n = 9
(19.57%), site 2, n = 53 (20.08%), site 3, n = 17 (27.87%), χ2 (2, n = 371) = 1.89, p =
.389, V = 0.07. In contrast, there was a significant difference in proportion of invalid
M-FAST scores across the three sites: site 1, n = 12 (26.67%), site 2, n = 16 (7.02%),
site 3, n = 1 (1.69%), χ2 (2, n = 332) = 22.66, p < .001, V = 0.26.
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Table 2. Sample characteristics (N = 371).
Variable
M or n
SD or %
Min - max
Demographics
Age
35.19
9.72
19–64
Education
 Incomplete high school
1
0.27%
 GED
6
1.62%
 High school
106
28.57%
 Some college
111
29.92%
 Associate degree
50
13.48%
College degree
76
20.49%
 Graduate degree
21
5.66%
Male
327
88.14%
Race
White
249
67.12%
 African American
105
28.30%
 Asian
3
0.81%
 Other
14
5.17%
Hispanic
16
4.31%
Branch (n = 277)
 Army
179
64.62%
 Navy
25
9.03%
Marines
42
15.16%
 Air Force
29
10.47%
Coast Guard
2
0.72%
Service connected disability, yes for any cause
188
57.32%
(n = 328)
Filed for disability (n = 331)
245
74.02%
Service connected percentage (n = 184)
47.72
28.04
0–100
Deployments
0
43
11.59%
1
160
43.13%
2
89
23.99%
3+
79
21.29%
Lifetime Diagnostic Variables (N = 325)
Bipolar I
4
1.23%
Bipolar II
3
0.92%
Major Depressive Disorder
123
37.85%
Dysthymic Disorder
9
2.77%
Schizophrenia
0
0.00%
Panic Disorder
15
4.62%
Obsessive Compulsive Disorder
4
1.23%
Posttraumatic Stress Disorder
136
41.85%
Generalized Anxiety Disorder
14
4.31%
Adjustment Disorder
7
2.15%
Traumatic Brain Injury (n = 314)
 None
160
50.96%
 Single Mild
63
20.06%
Multiple Mild
35
11.15%
Moderate/Severe
56
17.83%
Outcome Variables
Personality Assessment Inventory
Cognitive Bias Scale (CBS)
10.64
5.48
2–27
 Scale of Scales 1 (SOS1)
56.30
11.28
39–84
 Scale of Scales 2 (SOS2)
0.66
0.15
0.44–1.21
 Scale of Scales 2 (SOS2b[sum])
3.99
0.91
2.64–7.25
 Scale of Scales 3 (SOS3)
57.35
10.71
39.29–90.86
Word Memory Test (WMT; n = 371)
 Immediate Recognition (IR)
92.74
10.99
22.5–100.0
Delayed Recognition (DR)
92.82
11.96
25.0–100.0
Consistency (CNS)
90.55
11.82
42.5–100.0
 Invalid
79
21.29%
Miller Forensic Assessment of Symptoms Test (M-FAST; n = 332)
Total
1.98
3.10
0–21
 Invalid
29
7.82%
Note. Invalidity was determined using the following cutoff scores for the WMT and M-FAST: WMT invalid < 83;
M-FAST invalid > 5. For variables with missing data, reduced sample size is noted next to the variable name in
column 1. Psychodiagnostic data are per SCID DSM-IV diagnoses for those who completed the prior Post-Deployment
Mental Health Study.

Valid

Invalid

WMT
χ2

p
ES

Valid

M-FAST
Invalid

χ2

p

ES

Lifetime MDD
93/262 (35.50%)
30/63 (47.62%)
3.17
.075
0.10
89/262 (33.97%)
22/26 (84.62%)
25.61
<.001
0.30
Lifetime PTSD
95/262 (36.26%)
41/63 (65.08%)
17.33
<.001
0.23
102/262 (38.92%)
21/26 (80.77%)
16.92
<.001
0.24
TBI
27.92
<.001
0.30
4.28
.232
0.12
 None
143/248 (57.66%)
17/66 (25.76%)
130/254 (51.18%)
8/24 (33.33%)
 Single Mild
37/248 (14.92%)
26/66 (39.39%)
52/254 (20.47%)
5/24 (20.83%)
Multiple Mild
28/248 (11.29%)
7/66 (10.61%)
27/254 (10.63%)
3/24 (12.50%)
Moderate/Severe
40/248 (16.13%)
16/66 (24.24%)
45/254 (17.72%)
8/24 (33.33%)
Receiving VA
150/263 (57.03%)
38/65 (58.46%)
0.04
.835
0.01
149/261 (57.09%)
18/28 (64.29%)
0.54
.464
0.04
disability
VA disability filed
190/264 (71.97%)
55/67 (82.09%)
2.85
.092
0.09
193/264 (73.11%)
24/29 (82.76%)
1.27
.260
0.07
Note. MDD = major depressive disorder; PTSD = posttraumatic stress disorder; TBI = traumatic brain injury; WMT = Word Memory Test; M-FAST = Miller Forensic Assessment of Symptoms
Test; ES = effects size (ϕ or V). Variables were only available for those who completed the prior PDMH study. Diagnoses based on Structured Clinical Interview of DSM–IV Axis I
Disorders (First et al., 1997). TBI history was established using a self-report measure modified from a questionnaire previously published (Ivins et al., 2003).

Variable

Table 3. Diagnostic and disability characteristics by validity groupings.
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Table 4. T tests for CBS and CB-SOS across valid and invalid groups (N = 371).
WMT
Scale

Valid n = 292

Invalid n = 79

M-FAST
t

d

Valid n = 303

Invalid
n = 29

t

d

CBS
9.98 (5.13)
13.06 (6.05)
4.55
.55
10.13 (5.22) 16.62 (4.97)
6.45
1.27
SOS1
55.05 (11.08)
60.95 (10.87)
4.22
.54
55.24 (10.77) 68.87 (9.56)
6.60
1.34
SOS2
3.87 (0.86)
4.42 (0.95)
4.93
.61
3.90 (0.86)
5.06 (0.73)
7.08
1.45
SOS3
56.10 (10.43)
61.96 (10.52)
4.42
.56
56.34 (10.30) 69.19 (8.12)
6.54
1.39
Note. WMT = Word Memory Test; M-FAST = Miller Forensic Assessment of Symptoms Test; CBS = Cognitive Bias Scale;
SOS = Scale of Scales.
None required Satterthwaite t test. All p values < .001.

Of the 332 participants who completed both the M-FAST and WMT, most
(n = 246) passed both. Invalid participants (n = 86) were slightly more likely to
invalidate the WMT (n = 57) than the M-FAST (n = 16) and only a minority (17.8%)
of invalid participants invalidated both measures (n = 13). The relationship between
WMT and M-FAST invalidity was statistically significant with a small effect size,
which suggests a limited association exists between memory and psychopathology
criterion outcomes, χ2 (1, n = 332) = 10.77, p = .001, V = .18. For the full sample,
mean scores of PAI subscales from which the CBS and CB-SOS were calculated
were generally elevated between half and a full standard deviation beyond their
normative levels, with SUI serving as the sole exception of elevated mean scores
(M = 50.25, SD = 10.44, range = 10–95). However, observed score ranges for all
scales were wide and indicated no issues with restriction of range, which might
affect CBS/CB-SOS utility.
Independent samples t-tests demonstrated significant, moderate effect differences
on CBS, CB-SOS-1, CB-SOS-2, and CB-SOS-3 between WMT-classified groups (Table 4).
Independent sample t-tests demonstrated large effect size differences for each of the
cognitive bias measures between M-FAST-classified groups. Correlations between the
CBS and CB-SOS scales and M-FAST and WMT scores were consistent with large relationships for the M-FAST (range r = 0.52–0.55) and moderate associations for the WMT
(range r = −0.25 to −0.35). Pearson correlations between M-FAST Total score, CBS, and
each CB-SOS were similar and fell within the large range (r = 0.52–0.55). In contrast,
correlations between the WMT and CBS/CB-SOS scales were weaker, with moderate
values for IR, DR, and CNS scores (r = −0.25 to −0.35).
Similarly, ROC analyses (Table 5) produced moderate AUC effects across the
WMT-classified groups (AUC = .650 −.676) and large effects across M-FAST-classified
groups (AUC = .816 −.854). Scores presented include the maximum sensitivity at
specificity of ≥ .90, plus the next higher and lower score. When specificity was set
to .90 across the CBS and CB-SOS measures, sensitivity was consistently higher for
the M-FAST outcomes than for the WMT: even though M-FAST results were higher,
results remained relatively modest (.27–.41).

Discussion
This study evaluated the CBS and CB-SOS scales in a post-deployment Veteran sample,
which are recently developed measures of cognitive symptom over-reporting and the
only currently available scales for the PAI. We evaluated classification performance
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Table 5. Diagnostic accuracy of PAI scales to WMT and M-FAST.
Criterion

Scale

AUC

WMT

CBS

.650

SOS1

.660

SOS2

.676

SOS3

.660

CBS

.816

SOS1

.823

SOS2

.854

SOS3

.832

M-FAST

≥
Cutoff

Sensitivity

Specificity

%
Correctly
Classified

LR+

LR−

17
32.91
86.64
75.20
2.46
0.77
18
25.32
90.07
76.28
2.55
0.83
19
22.78
93.84
78.71
3.70
0.82
73
12.66
89.38
73.05
1.19
0.98
74
12.66
91.10
74.39
1.42
0.96
75
11.39
92.12
74.93
1.45
0.96
5.2
24.05
89.04
75.20
2.19
0.85
5.3
22.78
90.75
76.28
2.46
0.85
5.4
20.25
91.78
76.55
2.46
0.87
71
21.52
88.01
73.85
1.80
0.89
72
17.72
90.41
74.93
1.85
0.91
73
17.72
91.78
76.01
2.16
0.90
18
41.38
89.18
85.44
3.82
0.66
19
41.38
92.98
88.95
5.90
0.63
20
37.93
93.86
89.49
6.18
0.66
72
41.38
89.47
85.71
3.93
0.66
73
27.59
90.35
85.44
2.86
0.80
74
24.14
91.52
86.25
2.85
0.83
5.2
48.28
89.18
85.98
4.46
0.58
5.3
41.38
90.35
86.52
4.29
0.65
5.4
37.93
91.52
87.33
4.47
0.68
71
41.38
88.30
84.64
3.54
0.66
72
37.93
90.94
86.79
4.18
0.68
73
37.93
92.11
87.87
4.80
0.67
M-FAST = Miller Forensic Assessment of Symptoms Test; CBS = Cognitive Bias Scale;

Note. WMT = Word Memory Test;
SOS = Scale of Scales.
Bolded values are those which exceed specificity of .90 in this study. SOS1 and SOS3 were rounded to whole
numbers; SOS2 and SOS2b rounded to 1 decimal place.

across a variety of potential cutoff scores for these scales using two stand-alone criteria
evaluating different aspects of over-reporting (Sherman et al., 2020), which has not
been done previously. Our findings suggest that the CBS and, to a lesser extent,
CB-SOSs perform well in Veterans when compared to another SVT, but more modestly
when compared to a PVT. More specifically, the CBS and CB-SOS perform differently
from prior, non-Veteran validation studies and are most like active-duty populations
relative to other neuropsychological samples. In addition, they are better at identifying
invalid symptom presentation than invalid performance on cognitive testing.
Our findings support use of CBS and CB-SOS-2 within Veteran neuropsychological
evaluations to broadly screen invalid presentations. Given the high rate of
neuropsychological-related concerns within Veteran populations, and the high base
rate of invalid responding on self-report personality measures (Ingram et al., 2020),
having scales validated on this unique population with a leading personality inventory
is critical for effective neuropsychological practice. Cutoff scores needed to achieve
acceptably low false positive rates (specificity ≥ .90) were generally comparable across
the PVT and SVT outcome groups, suggesting that regardless of the type of validity
(Sherman et al., 2020), the CBS/CB-SOS scales can identify individuals with good
false-positive rates (specificity), albeit it with somewhat more variation on false-negative
rates (sensitivity).
Cutoff scores for CBS were congruent with prior research (e.g. Armistead-Jehle
et al., 2020; Gaasedelen et al., 2019), suggesting that an analogous cutoff score is
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needed to achieve minimal standards relative to other populations. In non-Veteran
disability litigants (Tylicki et al., 2021), higher cutoffs were necessary for similar
performance, which was not replicated within this Veteran sample. In other words,
any compensation and pension evaluations were independent of this research evaluation and may not have been ongoing concurrently, possibly producing the
observed discrepancy from the Tylicki’s medicolegal sample. Similarly, Armistead-Jehle
et al. (2020) excluded medical board and disability evaluations from their active-duty
sample. Thus, work validating the CBS in Veterans undergoing compensation and
pension evaluations and active-duty personnel actively involved in in the medical
board process is warranted. The CB-SOS scales (Boress et al., 2022) have undergone
notably less cross-validation than their CBS counterpart and, consequently, cutoff
score recommendations have a less robust literature for comparison. We found that,
relative to their validation, each CB-SOS had a lower cutoff score needed to perform
equitably, contrary to our hypothesis. One possible reason for this effect is differences in sample characteristics. Prior studies evaluated the scales in mixed clinical,
active duty, and forensic samples, compared to our primary research sample of
Veterans.
Although there is a paucity of research on PAI overreporting scales and their
association with PVTs (Fokas & Brovko, 2020), classification rates for PAI SVTs have
often produced medium effects (Gaasedelen et al., 2019; Morris et al., 2022). We
observed that CBS/CB-SOS performance was better on a stand-alone SVT (i.e. M-FAST),
relative to a stand-alone PVT (i.e. WMT), with PVT group classification rates and effect
sizes comparable to prior work. These findings may naturally reflect the underlying
effectiveness of the criterion used to make these classifications. Cognitively focused,
mixed-method SVTs in broadband instruments (i.e. those integrating PVT into SVT
development; Gaasedelen et al., 2019; Gervais et al., 2007) rely on items being selected
in a post hoc fashion from an existing pool within an already established instrument,
rather than developed in advance as part of an intentional item-pool generation
process (Burchett & Bagby, 2022; Rogers & Bender, 2018). It is possible that the
item-pool used to create mixed-method embedded SVTs are not broad enough to
capture the scope of content relative to cognitive overreporting or to fully take
advantage of the relied upon floor effect strategy (i.e. individuals endorsing symptoms/
experiences that indicate impairment that is atypical of impaired persons). Thus, across
various samples and different broadband measures, overreporting indicators intending
to assess distinct constructs perform equitably in their effect sizes, even when distinctive sets of symptoms are targeted in feigning (Morris et al., 2021; Reeves
et al., 2022).
Given these results and prior research, symptom feigning may be a broader and
more non-specific construct than previously thought; however, cognitive overreporting
measures do not contain item content that is exclusive to cognitive symptoms. This
criticism is not unique to the PAI and has similarly appeared on scales on other
broadband measures (Butcher et al., 2008). The Minnesota Multiphasic Personality
Inventory (MMPI) family of instruments Response Bias scale (RBS; Gervais et al., 2007),
from which the CBS was patterned (Gaasedelen et al., 2019), has highlighted the
inherent overlap in psychopathological response and somatic response as part of
suggested interpretations (Gervais et al., 2008, p. 1074). This can be taken to reflect
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a broad concern about somatic/cognitively focused over-reporting scales. For example,
the CBS includes items from scales assessing depression, anxiety, and treatment
rejection (Gaasedelen et al., 2019) and each CB-SOS scale includes numerous clinical/
substantive scales that are not exclusive to cognitive symptoms (e.g. depression;
Boress et al., 2022).
Revisions to testing measures that aim to expand cognitive overreporting assessment, and to focus on this domain of symptom response (Sherman et al., 2020), may
benefit from increased emphasis on the development of cognitively focused items
based on a priori, empirically based content. Explicit use of validity detection patterns
(Rogers & Shuman, 2005) at early developmental phases (e.g. creating specific items
that highlight symptom incongruence or symptom rarity; Rogers & Bender, 2018),
rather than post-hoc identification of items that may not measure those constructs
explicitly is warranted. Well-specified item-pool revision efforts specific to validity
testing needs and standards (Sherman et al., 2020; Martin et al., 2015) may not only
improve general and longstanding classification difficulties (i.e. low sensitivity), but
the distinctiveness of symptom clusters. Even if the overlapping PVT/SVT performance
does not resolve entirely as a function of shifted developmental priorities, placing an
increased emphasis on validity content development at the test revision stage remains
necessary. Broadband measures are widely and historically preferred because of their
SVTs (Ben-Porath & Waller, 1992; Russo, 2018), as well as the broader growth in focus
on SVT-related research (Sweet et al., 2021). Research on validity scales tends to use
either PVT or SVT criterion as an outcome, but rarely within the same study. Given
the potential for effective performance on the related (but not overlapping) constructs
of PVTs and SVTs, the inclusion of distinct criterion measures that assess divergent
over-reporting symptom sets (somatic, cognitive, or psychological; Sweet et al., 2021)
is also merited.
In addition to issues with the creation of cognitive SVTs noted, there is a tendency
to validate cognitive SVTs against PVTs. SVTs and PVTs are different constructs, with
subjects invalidating both at rates of only 5 to 11% (Copeland et al., 2016; Shura
et al., 2021b). Therefore, using PVTs as criteria for cognitive SVTs might not make
sense, and other approaches to validating cognitive SVTs are warranted. As one
example, Henry et al. (2014) created the Cognitive Complaints Scale on the MMPI-2
by identifying items with cognitive-based content, as opposed to statistical item
identification, which has led to non-cognitive-based item inclusion on scales such as
the CBS and RBS. Although this scale is an example of content-based SVT creation,
Henry et al. (2014) still evaluated the scale in comparison to PVT status. Given the
moderate sensitivity of the CCS to PVT status, the authors concluded that there is a
dissociation between PVTs and SVTs. As seen from our results, although the CBS and
SOSs were designed to predict PVTs, they better predict feigned psychological symptoms when both PVTs and SVTs are examined. Future research might address this
problem by evaluating cognitive SVTs using simulation designs and other SVTs for
validation, not PVTs. Regardless, these results further support the independent nature
of PVTs and SVTs and highlights the need to assess both in a given evaluation,
regardless of the context.
No study is without limitations. We retrospectively analyzed a sample of Veterans
who completed the PAI and concurrent PVT/SVT outcomes. We relied on a single
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PVT to identify invalid performance, and therefore some individuals may have yielded
false negatives given that invalid performance can wax and wane over time, as well
as across domains and may be missed if using a single PVT. However, 21.2% of our
research-context sample produced invalid scores on the WMT, consistent with the
expected rate of failure on a PVT in a Veteran/active-duty sample (Denning & Shura,
2019). Further, prior research with Veterans has found that those with invalid scores
on a single PVT show test profiles more similar to those who have invalid scores
on two or more PVTs than to those who are valid (Proto et al., 2014); nonetheless,
discrepancies with prior CBS studies could be due to our reliance on a single,
standalone (though highly sensitive) PVT. Not all individuals completed both the
PVT and SVT, so we were unable to produce precise estimates of concurrent failure.
Lastly, future research should investigate how neurocognitive disorder diagnosis is
associated with the CBS/CB-SOS scales, as well as the grouping criterion measures
used within this study since those diagnoses could potentially result in false positive
rates, which may explain differential failure rate for criterion measures across TBI
severity.
Although generally representative of Veteran populations, our study also
over-represents men and White individuals. This limits the generalizability of our
results and precluded evaluation of meaningful sex or racial differences. Similarly,
this sample was primarily a volunteer research sample; however, a portion of participants at one site and the majority of participants at another site were clinical,
which may somewhat mitigate the decreased generalizability related to context.
Additionally, the sample showed mixed diagnostic status, and including healthy
controls, which may affect generalizability to the greater post-deployment population. The primary research nature of the sample may also explain the lack of relationship between disability status and PVT/SVT failure, but also likely reflects the
ubiquitous nature of VA disability among Veterans. Furthermore, diagnostic status
was not evaluated on the day of cognitive testing, thus lifetime PTSD and MDD
were used to describe the sample for those who completed the PDMH study; given
diagnostic status was unknown on the day of testing, such may or may not have
affected results. Finally, the use of the M-FAST may limit the strength of conclusions,
given concerns regarding the psychometrics of the measure and that the test was
designed to be a screener (Wolf et al., 2020); however, a meta-analysis on the M-FAST
found a very large effect size when comparing validity groups, and with adequate
psychometrics in independent groups (Detullio et al., 2019). These limitations notwithstanding, our study provides an expanded body of support for the CB and
CB-SOS scales with guidance for their use within Veteran neuropsychological
evaluations.
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