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Abstract
Neuropsychology practice organizations have highlighted the need for thorough evaluation of performance validity as part of the
neuropsychological assessment process. Embedded validity indices are derived from existing measures and expand the scope of
validity assessment. The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) is a brief instrument that
quickly allows a clinician to assess a variety of cognitive domains. The RBANS also contains multiple embedded validity
indicators. The purpose of this study was to synthesize the utility of those indicators to assess performance validity. A systematic
search was completed, resulting in 11 studies for synthesis and 10 for meta-analysis. Data were synthesized on four indices and
three subtests across samples of civilians, service members, and veterans. Sufficient data for meta-analysis were only available for
the Effort Index, and related analyses indicated optimal cutoff scores of ≥1 (AUC = .86) and ≥ 3 (AUC= .85). However, outliers
and heterogeneity were present indicating the importance of age and evaluation context. Overall, embedded validity indicators
have shown adequate diagnostic accuracy across a variety of populations. Recommendations for interpreting these measures and
future studies are provided.
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An integral part of any neurocognitive evaluation is the as-
sessment of performance validity, which refers to the accuracy
of a respondent’s performance. This is important because as-
sessment interpretation rests on the assumption that an

individual has performed to the best of his or her ability.
Assessment of performance validity is considered medically
necessary to, and essential for, gold-standard neuropsycholog-
ical assessment (Bush et al. 2005; Heilbronner et al. 2009).
The Repea tab le Ba t t e ry fo r the Assessment of
Neuropsychological Status (RBANS; Rabin et al. 2005;
Randolph et al. 1998) is a commonly used brief battery of
cognitive function, and a number of validity indicators such
as the Effort Scale and the Effort Index have been identified
(Novitski et al. 2012; Silverberg et al. 2007). For clinicians
and researchers using the RBANS, the presence of an
established embedded validity measure is ideal as additional
stand-alone measures may not be needed, reducing the cost of
test protocols and administration time. If additional validity
measures are employed in a given evaluation, an embedded
RBANS validity measure allows for a more thorough assess-
ment of validity across the scope of the overall battery. The
primary aim of this study was to review and synthesize the
body of diagnostic accuracy research on the various RBANS
validity indices in order to establish the global utility of these
measures to function as indicators of invalid response.

The RBANS was primarily developed as a cognitive
screening instrument for geriatric patients evaluated for
suspected dementia but has been expanded to evaluate a wider
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age range and multiple neurological and psychiatric condi-
tions (Randolph et al. 1998). The measure consists of 12 sub-
tests that contribute to a Total score and Index scores across
five domains: Immediate Memory, Visuospatia l-
Constructional, Language, Attention, and Delayed Memory.
Index scores are converted to age-based standard scores (M =
100, SD = 15). The original normative sample age range was
12 to 89 years, though additional age, education, gender, and
race norms were published for the elderly (Duff et al. 2003;
Duff and Ramezani 2015; Patton et al. 2003). There are four
equivalent forms to allow for serial assessment, and the test is
versatile, taking approximately 30 min to administer with
minimal materials required (Randolph et al. 1998). Thus, the
RBANS fills a niche as an assessment instrument falling be-
tween briefer dementia screeners and full neuropsychological
assessment, further diversifying the assessment abilities of
clinical psychologists and expanding the repertoire of repeat-
able batteries available to neuropsychologists.

In addition to neuropsychological screening for neurode-
generative processes in the elderly, the RBANS can serve as a
more general screening instrument of neurocognition
(Randolph et al. 1998). Utility of the RBANS has been
assessed in a variety of clinical populations outside the context
of dementia including individuals with traumatic brain injury
(TBI), multiple sclerosis, Parkinson’s disease, Huntington’s
disease, hepatitis C virus, schizophrenia, and bipolar disorder,
though research is limited on using the RBANS in these pop-
ulations (Beatty 2004; Dickerson et al. 2004; Duff et al. 2010;
Gold et al. 1999; Gogos et al. 2010; Lippa et al. 2013; McKay
et al. 2007; McKay et al. 2008; Umaki and Denney 2013;
Schoenberg et al. 2012; Wilk et al. 2004). Additional features
such as multivariate base rates and a standardized regression-
based change formula facilitate advanced interpretation of the
RBANS (Crawford et al. 2012; Duff et al. 2004).

Numerous stand-alone performance validity tests created
solely to assess accuracy of a respondent’s performance on
cognitive tests are available (see Sollman and Berry 2011).
However, embedded validity measures derived from
established neuropsychological measures are increasing in
popularity. Embedded validity measures are sensitive to inva-
lid performance as measured by stand-alone performance va-
lidity tests (PVTs) or known groups such as simulated malin-
gerers. For example, Reliable Digit Span is derived from
Wechsler Intelligence Scales Digit Span subtest which is a
measure of working memory that has also been shown to
contain a robust measure of performance validity (Schroeder
et al. 2012). Embedded validity measures are convenient be-
cause they do not add time to an assessment, and a large
number of embedded measures have been validated in the
literature (Boone 2013). Clinicians are encouraged to employ
multiple validity measures, with a focus on identifying cutoff
scores with specificity estimates over 90, typically resulting in
decreased sensitivity in comparison to stand-alone measures

(Bush et al. 2005). These multiple validity measures may be
temporally spread throughout an evaluation and across differ-
ent cognitive domains (Boone 2009). The reason for a given
patient failing a validity measure is usually unknown, but
when identified, such invalid presentations may lead to qual-
ified conclusions regarding an individual’s true cognitive abil-
ity. When sensitive validity measures are passed, the evaluator
has a reliable basis to interpret the remaining scores as an
accurate reflection of a respondent’s true ability.

Embedded performance validity measures have been de-
rived from various RBANS subtests and two have been
researched in multiple studies. The Effort Index (EI) uses
scores from the Digit Span and List Recognition subtests to
evaluate performance validity (Silverberg et al. 2007). The
diagnostic accuracy of the EI was initially evaluated by
Silverberg and colleagues in 123 individuals across multiple
groups, namely, patients with TBI, a control group, a clinical
malingering group per Slick et al. (1999) criteria, and two
simulation groups. Overall classification accuracy in this sam-
ple was highest using a cutoff score of EI > 0 (area under the
curve [AUC] = .90: Silverberg et al. 2007). However, the EI
has been shown to be affected by age, education, and level of
cognitive dysfunction (Duff et al. 2011). A second embedded
validity index, the Effort Scale (ES), also uses scores from the
List Recognition and Digit Span subtests, but incorporates
scores from the List Recall, Story Recall, and Figure Recall
subtests (Novitski et al. 2012). In the initial ES study by
Novitski and colleagues, the ES outperformed the EI in iden-
tifying mild TBI patients with identified poor effort (n = 25)
compared to amnestic clinical patients (n = 69: EI AUC = .61;
ES AUC = .91). Additional studies have emerged evaluating
both of these indices in a variety of samples, though there is
notable variability in recommended cutoff scores (Carter et al.
2016; Dunham et al. 2014; Lippa et al. 2017).

Given the popularity and versatility of the RBANS, as well
as the standard of including performance validity indices in all
cognitive assessments, the key question of this review was:
what is the evidence that the embedded validity measures from
the RBANS adequately assess performance validity? Our aim
was to synthesize research on existing validity measures using
systematic review and meta-analysis in order to make clinical
and research recommendations. We focused on adult studies
evaluating the diagnostic accuracy of RBANS embedded va-
lidity measures compared to known groups or stand-alone
PVTs. For indices that could be evaluated with meta-analysis,
a global meta-analysis identifying a general cutoff score was
completed. This will be especially useful for readers working
with mixed samples. A secondary aim was to synthesize diag-
nostic accuracy of RBANS validity measures for specific pop-
ulations, namely civilians, service members, and veterans, as a
well for young versus older adult groups. Studies with heterog-
enous populations suggest different cutoff scores for the Effort
Index, indicating a need for subgroup analyses. The current
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synthesis will help guide RBANS users to decide which cutoff
score is most appropriate for a given respondent. Finally, this
paper provides tables of all published papers on RBANS valid-
ity indices for clinicians and researchers, with data presented to
aid readers in selecting specific studies for individual reference
as needed for a given clinical or research situation.

Method

Systematic Review

Search Strategy and Screening This study was not registered
and this is not an update to prior systematic reviews or meta-
analyses. Study type and scope of interest were determined a
priori and defined in the format of PICOS, presented in
Table 1. Abstracts were screened, and studies included if they
used the RBANS as part of the design, evaluated a perfor-
mance validity indicator identified within the RBANS, were
written in English, and were published in a peer-reviewed
journal. Systematic searches were conducted on 04/20/2017
for terms related to the RBANS and performance validity.
Table 2 lists the search strategy and results from EBSCO,
including the PsycINFO, PsycARTICLES, and Academic
Search Premier databases. Table 3 lists the search strategy
and results from PubMed. There were no date restrictions used
in the searches given the relatively recent emergence of em-
bedded PVTs in the RBANS. Unpublished studies and disser-
tations were not included (for discussion, see van Driel et al.
2009; Vickers and Smith 2000). Search results were archived
using EndNote version 7.5. Two authors (SLM and HMM)
independently screened abstracts, with each author recording
results in independent Excel files. Discrepancies (n = 28) were
reviewed by a third author (RDS), with inclusion based on a
retain rating by two of three authors.

Selection Full article review was conducted independently by
two other authors (TWB and JAR). Review criteria for inclu-
sion were experimental or cross-sectional design, group sta-
tistic calculated using a comparison group, report of

diagnostic accuracy statistics (sensitivity, specificity, or area
under the curve), and at least part of the sample being greater
than age 18. Record reviews were recorded in independent
Excel files. All initial reviews were rated equally, and a third
rater was not needed to address discrepancies. Reference lists
of the included articles were reviewed by RDS, leading to one
additional record. Authors of identified records were
contacted with the list of articles in an attempt to identify
any additional records not discovered by the search strategies,
but no additional records were identified. Table 4 lists exclud-
ed records and brief information on each, and Fig. 1 presents
the PRISMA flow diagram. Once all included records were
identified, data were extracted for synthesis and meta-analy-
sis. We created a table for data extraction, which was populat-
ed by one author and checked for accuracy by a second author.
Extracted data were compiled in Tables 5 and 6 and included
sensitivity and specificity values needed for meta-analysis.
Descriptive data from individual studies were also extracted
to synthesize, specifically on sample age, population, compar-
ison target for RBANS validity indices, and AUC statistics.
Authors of included studies were contacted by e-mail in at-
tempts to obtain missing data.

Table 1 PICOS
Parameter Inclusion Exclusion

Population Adult Subjects <18 years

Intervention RBANS Modified administrations

Comparison Validated PVTs, Slick criteria, known clinical groups,
simulated groups

No comparison

Outcomes Diagnostic accuracy (AUC, sensitivity, specificity) No defined outcomes

Study Design Case-control, RCT, NRCT, cross-sectional Case reports, editorials, opinions,
dissertations/theses, reviews

RBANS =Repeatable Battery for the Assessment of Neuropsychological Status; PVT = performance validity test;
AUC = area under the curve; RCT = randomized controlled trial; NRCT = non-randomized controlled trial

Table 2 Search strategy and results for EBSCO: PsycINFO,
PsycARTICLES, and Academic Search Premier

Step Terms Hits

1 RBANS OR Repeatable Battery for the
Assessment of Neuropsychological Status

1,314

2 effort OR malingering 721,394

3 symptom OR performance 2,483,492

4 validity 297,040

5 3 AND 4 58,614

6 2 OR 5 776,816

7 1 AND 6 164

8 Limit: academic journals 137

9 Limit: English 136

10 Duplicates removed 106

Search completed on 04/20/2017. RBANS=Repeatable Battery for the
Assessment of Neuropsychological Status
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Meta-Analysis

Meta-Analytic Approach Random effects meta-analysis was
conducted according to the procedures recommended by the
Cochrane Handbook for Systematic Reviews of Diagnostic
Test Accuracy (Macaskill et al. 2010). Bivariate hierarchical
summary receiver operating characteristics curve (HSROC)
and heterogeneity analyses were conducted in SAS Studio
using PROC NLMIXED and the MetaDas macro. Bivariate
summary receiver operating characteristics curve (SROC) and
publication bias analyses were completed using Stata 15 with
the metandi and MIDAS packages. All analyses were con-
ducted using the true positives, false positives, true negatives,

and false negatives for each study. Version 5.3 of Review
Manager (RevMan 2014) was used to calculate these variables
based on published group sizes, sensitivity, and specificity
values as per Cochrane Collaboration guidance (Macaskill
et al. 2010). The purpose of heterogeneity analyses is to test
whether covariates such as age and sample characteristics are
associated with variability in model results beyond what
would be expected due to within-study sampling error (for a
full explanation refer to Macaskill et al. 2010).

Planned analyses included calculation of anHSROC for each
RBANS validity measure with adequate data for meta-analysis.
HSROC analysis provides an overall summary of classification
accuracy for a validity index and was used to generally evaluate
the global diagnostic accuracy of a given validity measure, in
line with the primary aim of this study. SROC analysis provides
a summary of sensitivity and specificity for specific test cutoff
scores and was completed for each measure cutoff with ade-
quate studies available. Aminimum of four studies was required
to run any analysis due to statistical software limitations and
concerns regarding model heterogeneity. For HSROC analysis,
the cutoff score with the highest sensitivity for each respective
studywas included in the analysis to avoid double counting data
from a single sample and over-representing studies that reported
more cutoffs. Data provided by Barker et al. (2010) was exclud-
ed from any analyses containing data from Bortnik et al. (2013)
or Paulson et al. (2015) due to sample overlap confirmed by
study authors by e-mail communication. Novitski et al. (2012)
was excluded from all analyses because data required for meta-
analysis was not provided.

Table 3 Search strategy and results for PubMed

Step Terms Hits

1 RBANS OR Repeatable Battery for the
Assessment of Neuropsychological Status

420

2 effort OR malingering 111,484

3 symptom OR performance 934,582

4 validity 138,034

5 3 AND 4 19,428

6 2 OR 5 130,146

7 1 AND 6 39

9 Limit: English 39

Search completed on 04/20/2017. RBANS=Repeatable Battery for the
Assessment of Neuropsychological Status

Table 4 Full text papers excluded

Authors Year Exclusion Sample Notes

Armistead-Jehle et al. 2012 No DA M, T, OP Compared MCI to various PVTs

Bayan et al. 2018 No DA (used estimate from prior study) F, IP RBANS EI in psychotic inpatients

Benitez et al. 2011 Did not assess RBANS embedded indices V, T, OP Depression and cognition

Burton et al. 2014 No DA C, T, OP EI/ES failure rates in dementia

Carter et al. 2016 No DA C, T, OP EI/ES failure rates in Parkinson’s

Duff et al. 2011 No DA C, mixed EI failure rates in elderly

Hook et al. 2009 No DA C, T, OP EI failure rates in elderly

Lippa et al. 2014 No DA C, T, IP Validity in acute moderate/severe TBI

Moore et al. 2013 No DA to validity criterion C, T, OP EI to predict treatment in psychotic patients

Morra et al. 2014 Poster unclear EI in schizophrenia

Morra et al. 2015 No DA; appears same as poster C, T, OP/IP EI in schizophrenia

O’Mahar et al. 2011 No DA C, R Test-retest reliability of EI

Peck et al. 2014 Poster C, T, IP DA to TOMM with inpatients

Sieck et al. 2012 No DA C, T, OP Validity in Huntington’s patients

Zimmer et al. 2017 No DA V, T, OP EI and other PVTs in mild TBI

For Sample: C = community; S = student; V = veteran; M =military; T = treatment (clinical) sample; F = forensic; R = research; OP = outpatient; IP =
inpatient. No DA= no diagnostic accuracy (AUC, sensitivity, specificity) in methods; MCI =mild cognitive impairment; PVT = performance validity
test; EI = Effort Index; ES = Effort Scale; TBI = traumatic brain injury; TOMM=Test of Memory Malingering
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Investigation of Heterogeneity Visual inspection of data sug-
gested heterogeneity among studies, even within the same
cutoff. For instance, sensitivity values for EI listed in
Table 5 ranged from .14 to .89 for a ≥ 4 cutoff score. One
possible explanation for this is that seven of the nine included
EI studies were conducted in clinical samples, whereas
Crighton et al. (2015) analyzed a forensic sample, and
Dunham et al. (2014) utilized a college student simulation
sample. Another possible explanation is that EI may not be
an appropriate validity index in older samples due to increased
incidences of neurocognitive dysfunction (e.g., Dunham et al.
2014). Finally, it was observed that the majority of included

studies examined active duty military and veteran samples,
with the remaining three studies being performed in non-
military contexts.

As per recommendations of the Cochrane Collaboration,
HSROC analyses were re-run with a dichotomous covariate
to account for each hypothesized source of heterogeneity,
namely, clinical versus non-clinical samples, age (Mage ≤ 64,
Mage ≥ 65), and civilian versus military (including veteran).
There was no statistical evidence that non-clinical samples
significantly affected model heterogeneity (χ2 = 3.4, p =
0.18). However, Dunham et al. (2014) appeared to be an out-
lier upon visual inspection. EI performance appeared to be less

Fig. 1 PRISMA flow diagram
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consistent in older samples (χ2 = 9.0, p = 0.01), and there was
significant variation noted between civilian and military sam-
ples (χ2 = 13.9, p < .001).

Results

Systematic Review

Effort Index Eleven papers met inclusion criteria following
screening and full text review, which are presented in
Table 5. All 11 studies evaluated the EI, four using civilian
samples, four using veteran samples, and three using military
samples. The initial EI paper (Silverberg et al. 2007) is divided
into two experiments. The first focused on development of the
EI in comparison to the Digit Span and List Recognition sub-
tests. The second experiment used a hybrid civilian sample
including a clinical mild TBI group, a clinical malingering
group (defined by Slick Criteria; Slick et al. 1999), three
groups of undergraduate students for a control, and two sim-
ulated malingering groups (coached and naïve). Diagnostic
accuracy was best using a cutoff score of EI > 0 for all three
malingering groups compared to the mild TBI group.
Strengths of this study included use of both mild TBI and
control groups, three different malingering groups, and inclu-
sion of additional information on the Digit Span and List
Recognition subtests. One limitation is the small subsample
size of the five groups, ranging from 15 to 32.

Novitski et al. (2012) used a sample of mild TBI patients
who failed the Word Memory Test compared to a geriatric
sample with cognitive impairment, resulting in the lowest
AUC value of the civilian papers. In contrast, Dunham et al.
(2014) used a sample of psychology graduate student simu-
lated malingerers compared to a community geriatric sample
comprised of those with memory impairment, resulting in a
higher AUC score, but with unacceptable specificity using the
cutoff of EI > 3. Additionally, the study evaluated both EI and
ES specificities across various levels of cognitive impairment
using the RBANS Total Score. EI specificity decreased with
increasing cognitive impairment, though the ES showed an
opposing trend. Finally, Crighton et al. (2015) used a forensic
sample with groups based on Slick Criteria. There was a me-
dium effect size of group on EI scores, though diagnostic
accuracy was somewhat poorer across different cutoff scores
than other studies. In summary, the EI showed AUC scores
ranging from .61 to .90 at various cutoff scores in civilian
samples. The civilian studies ranged in age from 19 to
89 years.

Three studies used military outpatient treatment samples to
evaluate the EI. Armistead-Jehle and Hansen (2011) found a
cutoff score of EI ≥ 1 produced the best diagnostic accuracy
using failure on three separate stand-alone PVTs (with
Medical Symptom Validity Test used for AUC calculation)

in an outpatient clinical sample of service members, most with
a history of mild TBI. Similarly, Jones (2016) used a clinical
sample, most of whom had a history of mild TBI, and found
malingering groups defined by Slick Criteria to have a large
effect on EI. A cutoff score of EI ≥ 1 demonstrated the best
accuracy. In the third study using mild TBI patients (Lippa
et al. 2017), a cutoff score of EI ≥ 1 also resulted in acceptable
accuracy. In general, the EI is useful as an adjunct PVT in
military treatment samples presenting with a history of mild
TBI. Only Armistead-Jehle et al. (2012) reported AUC values,
which were .74 and .60 using cutoff scores of 1 and 4, respec-
tively. As expected, the military samples were young com-
pared to the civilian samples, with mean ages ranging from
28 to 34 years.

In veteran samples, a hybrid treatment-forensic sample by
Young et al. (2012), accuracy was commensurate with other
samples based on predicting failure on the Word Memory
Test. A cutoff score of EI ≥ 3 showed the best sensitivity
(.54), but a cutoff of EI ≥ 4 was needed to improve specificity
to the > .90 range, at the expense of sensitivity (.31). Three
other studies were published by the same research group, with
overlapping clinical veteran samples. In the earliest study,
Barker et al. (2010) found a cutoff score of EI ≥ 4 best at
predicting Test of Memory Malingering failure in a clinical
sample of veterans with a mean age of 72 years. Also using the
EI ≥ 4 cutoff score, Bortnik et al. (2013) found much poorer
specificity using a dementia sample overlapping with Barker
et al. (2010). Unique to that study was the evaluation of spec-
ificities for EI across four different types of dementia, with
specificity range spanning .47 to .78. In the final veteran study,
Paulson et al. (2015) found a cutoff score of EI ≥ 2 adequate
when predicting Test of Memory Malingering performance,
but specificity was poor. Two studies reported AUC values of
.86 and .88. In contrast to the military studies, veteran studies
tended to use more conservative cutoff scores for EI, and to
focus more on dementia rather than mild TBI. Veteran sam-
ples also tended to use older participants than military studies,
with a range of 41 to 94 years in the referenced studies.

Other Indices All of the studies that evaluated validity mea-
sures other than the EI (n = 8; see Table 6) continued to in-
clude the EI in the analyses, typically as a basis of comparison
for the newer indices. The ES (Novitski et al. 2012) was eval-
uated in five of those studies. In the initial study to validate the
ES, the authors compared the ES in middle-aged mild TBI
patients with invalid Word Memory Test profiles to elderly
patients with cognitive impairment. A cutoff score of ES <
12 improved diagnostic accuracy over the EI. Dunham et al.
(2014) also noted improved accuracy over the EI using an ES
cutoff score of <12 in their simulation study. In the third civil-
ian study of ES, Crighton et al. (2015) found a greater effect
size for ES than EI when comparing forensic groups based on
Slick Criteria. In all three of these civilian samples, the ES
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outperformed the EI, with two studies reporting AUCs of .91
and .92.

Only one study evaluated ES in a military sample (Lippa
et al. 2017). Although the ES held acceptable sensitivity, no
cutoff score achieved specificity of ≥ .90. However, at the
same specificity level (.84), EI ≥ 1 had a higher sensitivity
(.58) than ES < 14 (.54). One veteran study (Paulson et al.
2015) also evaluated ES. Like the military sample, ES in the
veteran sample performed poorer at ES < 12 compared to EI ≥
2. The Paulson paper was the only one to report an AUC,
which was .71. In general, the ES outperformed the EI in
civilian samples, but not in military or veteran samples.

Two other composite indices have been established, but
only evaluated in a single study. Paulson et al. (2015) evalu-
ated both the Performance Validity Index (PVI) and the
Charleston Revised Index of Effort for the RBANS (CRIER)
compared to the EI and ES in an outpatient veteran sample.
Both new measures outperformed the EI and ES, with the
CRIER showing the best diagnostic accuracy using a cutoff
score of CRIER <24. AUCs for the PVI and CRIER were .90
and .94 respectively. Although the indices show promise, rep-
lication will be needed before considering clinical use.

In addition to composite indices, three RBANS subtests
were evaluated in isolation with regard to utility as validity
measures. Three studies evaluated the List Recognition sub-
test. In one, List Recognition was significantly poorer in vet-
erans who failed the Word Memory Test compared to those
who passed, at large effect size, d = 1.28 (Young et al. 2012).
A study using a veteran sample resulted in an AUC of .83
using List Recognition (Barker et al. 2010), though a higher
AUC of .91 was found in a civilian sample (Silverberg et al.
2007). Barker et al. (2010) and Silverberg et al. (2007) also
evaluated the Digit Span subtest, resulting in relatively similar
AUCs of .79 and .84, respectively. Finally, Picture Naming
was analyzed in Barker et al. (2010), resulting in an AUC of
.70, the lowest of the three subtests evaluated.

Meta-Analytic Results

Due to the limited number of studies available, analysis was
only feasible for EI. HSROC analysis was not conducted for
ES due to insufficient variation in cutoff scores (all studies
except for one provided data at the <12 cutoff). Tests for
publication bias were conducted for each analyzed EI cutoff
using the process recommended by Deeks et al. (2005).
Regression analysis of funnel plot symmetry shown in Fig. 2
did not indicate the presence of publication bias, as study
outcome was not associated with study sample size.
Specifically, effective sample size, which accounts for be-
tween group variance in target group size relative to total
study sample, and study diagnostic odds ratio (DOR), which
is the ratio of true to false positives identified, were not related.
However, the Dunham et al. (2014) study was an outlier and

was the only study that utilized a simulated invalid perfor-
mance group. For this reason, an additional HSROC analysis
was conducted with this study excluded. In all ROC figures
presented in Fig. 3, studies are plotted as circles sized relative
to the sample n. Dotted lines around ROC curves indicate the
95% prediction region, a visual representation of the area
within which future study results would be expected.
Because the HSROC curve is estimated using data from var-
iable cutoffs, no summary sensitivity and specificity is
calculated. However, this type of analysis provides an
overall estimate of diagnostic accuracy and power
represented by the diagnostic odds ratio and AUC. Each
HSROC plot in Fig. 3 represents a separate summary
analysis for EI as per the results of heterogeneity analyses,
namely, all EI studies, all EI studies with Dunham et al.
(2014) excluded, studies with a mean age below 65, studies
with a mean age below 65 with Dunham et al. (2014) exclud-
ed, and studies from military-veteran samples.

The summary diagnostic odds ratio for EI across samples
(n = 9) was 9.94 [5.74, 17.21] with an AUC of .83 [.76, .88].
After excluding the simulation study (n = 8), the summary
diagnostic odds ratio was 10.57 [5.87, 19.06] with an AUC
of .83 [.77, .88]. In samples with a mean age under 65, the
summary diagnostic odds ratio was 9.70 [5.33, 17.66] with an
AUC of .82 [.76, .88] (n = 7). After excluding the simulation
study, the summary diagnostic odds ratio for younger samples
was 9.87 [5.35, 18.21] with an AUC of .83 [.76, .88] (n = 6).
The summary diagnostic odds ratio for military and veteran
samples across age groups was 11.03 [5.77, 21.10] with an
AUC of .84 [.77, .89] (n = 6). Results of the bivariate analysis
of all EI cutoff scores with four or more available studies are
presented below, along with their relevant subgroup analyses:
≥ 1, ≥ 2, ≥ 3, ≥ 4, and ≥ 5 (Fig. 4). The ≥4 cutoff analyses were
both conducted with and without Dunham et al. (2014) simu-
lation study where applicable. In each figure, the summary
point is indicated by a solid square, with individual studies
presented as circles relative to sample size surrounding the
summary SROC curve. The dashed line within the 95% pre-
diction region indicates the 95% confidence interval of the
summary point. The summary sensitivity and specificity along
with the diagnostic odds ratio and AUC for each cutoff are
listed in Table 7. Additional subgroup analyses according to
sample characteristics associatedwith increasedmodel hetero-
geneity (where sufficient data was available) are also present-
ed in Table 7.

Overall, meta-analysis of current studies indicated that EI is
effective for the detection of invalid performance on the
RBANS, correctly identifying approximately 10 invalid per-
formances for every one misclassification (increasing to an
11:1 ratio for military and veteran samples). Table 7 suggests
that a cutoff score of ≥1 appears best suited to identifying
invalid performance, achieving the highest possible sensitivity
without letting specificity fall below .90. However, Fig. 4

278 Neuropsychol Rev (2018) 28:269–284



indicates the presence of an outlier study (Silverberg et al.
2007) with sensitivity and specificity values outside of the
prediction region for this cutoff, suggesting that it is biasing
the summary results with findings that may not be reproduced
in future studies. This could not be empirically tested due to
the limited number of studies available at this cutoff. The ≥2
cutoff indicated good accuracy across studies, however, this
was unexpectedly driven by an elderly sample, with AUC
values falling in the unacceptable range when older samples
were excluded from the analysis. Both of these cutoffs show
promise and may be appropriate for some settings, as de-
scribed in systematic review results.

Cutoff scores of ≥3 and ≥ 4 performed relatively well, with
≥3 performing best in military samples. A cutoff of ≥3 also

provided the most stable and reliable results across samples
with specificity appropriate for a validity test (i.e., > .90) and
adequate sensitivity. Higher cutoffs (≥ 4, ≥ 5) resulted in the
expected relative decreases in sensitivity with marginal in-
creases in specificity, and this effect was more pronounced
at the ≥4 cutoff when simulation studies were excluded.

Discussion

The primary aim of this study was to evaluate the utility of
RBANS embedded validity indices for detecting invalid per-
formance. The Effort Index (EI) was the most researched in-
dex, and the only index for which meta-analysis could be

Fig. 2 Deeks’ funnel plot asymmetry tests for various cutoff scores of the
Effort Index (EI). Full sample studies include the simulation study, non-
simulation exclude that study but are otherwise the same. Plots are also

presented for cutoff scores using only studies with military and veteran
samples, and for studies with samples less than 65 years old, when at least
4 studies were available in those categories
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completed. The EI correctly identified approximately 10 inva-
lid performances for every one misclassification, increasing to
11 for military and veteran samples. The total AUC across all
samples was .83 (CI = .76–.88), which is comparable to many
stand-alone PVTs. These results were consistent regardless of
whether or not a simulator study (Dunham et al. 2014) was
included in analyses. Cutoffs of ≥1 and ≥ 3 performed best
from a purely quantitative perspective, with AUCs of .86
and .85 respectively. Of note, all cutoff scores had AUC
values of .79 or greater. For comparison, one study evaluating
diagnostic accuracy to a group identified as probable malin-
gering neurocognitive dysfunction found AUCs ranging from
0.88 to .90 on theWordMemory Test effort subtests and .79 to
.84 on the Test of Memory Malingering trials, which are two
of the most commonly used stand-alone PVTs (Fazio et al.
2015). Our AUCs frommeta-analysis are comparable to those
stand-alone test results, highlighting the overall efficacy of the
EI more broadly. For use in heterogeneous samples, such as
making determinations for excluding invalid responders from
research studies, the choice to use a cutoff score of 1 or 3 will
likely depend on how conservative one wishes to be inmaking
such decisions.

The 11 included EI studies spanned settings (clinical and
forensic), populations (civilian, military, and veteran), designs
(known groups, simulation studies, and groups based on val-
idated PVTs), and age ranges (19 to 80+). Samples included
healthy controls, cognitively impaired groups, mild TBI, and
various psychiatric presentations. Most available studies fo-
cused on validating the EI in younger samples, suggesting a
need for further research to more firmly establish guidelines
for the use of EI with older populations. For service members,
younger age groups, and mild TBI samples, a qualitative re-
view of published research concluded that a cutoff score of
EI ≥ 1 is most appropriate. Although meta-analysis did not
contradict this conclusion, it did suggest that a more conser-
vative cutoff score of EI ≥ 3 may be best for elderly and mil-
itary or veteran samples. Silverberg et al. (2007), the first
study to propose the EI, was a relative outlier in SROC anal-
yses. The study was the only one to use Slick Criteria within a
non-military and non-forensic sample suggesting that findings
may have been sample-specific and indicating the need for
additional research across subpopulations where the RBANS
is used. In the meantime, Table 5 can be consulted to identify
which individual study might be a best reference for guiding

Fig. 3 Bivariate hierarchical summary receiver operating characteristics
curve (HSROC) plots based on heterogeneity analyses of the Effort Index
(EI). In all HSROC figures studies are plotted as circles sized relative to

the study sample size. Dotted lines around ROC curves indicate the 95%
prediction region
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classification decisions and EI cutoff scores for specific sam-
ples or patient characteristics.

The ES was created to address some of the limitations of
the EI, particularly possible high false positive rates in elderly
samples with frank memory impairment (Novitski et al.
2012). Meta-analysis could not be completed on the ES due
to limitations in available research. Qualitatively, in older
civilian samples, the ES outperformed the EI on diagnostic
accuracy using a cutoff score of ES < 12. However, in the two
studies that used military and veteran samples, the ES was
poorer than the EI. The fewer number of studies present on
the ES, and the variable results in comparison to the EI,
indicate that this index should be considered as a secondary

measure to the EI pending additional research. Two other
embedded indices were found (the PVI and CRIER) but were
reported in only one paper. In that study (Paulson et al. 2015),
both measures outperformed the EI and ES in a sample of
veterans, with the CRIER performing best at an AUC of 0.94
compared to failure on the Test of Memory Malingering.
However, additional studies will be necessary to further val-
idate the utility and generalizability of those measures.
Additionally, a number of studies also evaluated various
single-subtest embedded measures, notably List
Recognition, Digit Span, and Picture Naming subtests,
though the subtests typically did not perform as well as the
composite scores.

Fig. 4 Bivariate summary receiver operating characteristics curve
(SROC) plots, corresponding to bias funnel plots presented in Fig. 2 for
various Effort Index (EI) cutoff scores. The summary point is indicated by
a solid square, with individual studies presented as circles relative to

sample size surrounding the summary SROC curve. The dashed line
within the 95% prediction region indicates the 95% confidence interval
of the summary point
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Based on these results, the following algorithm might be
used when considering RBANS validity indices. For patients
who are younger than 65 and without severe neurological
impairments (e.g., severe TBI, acute stroke, advanced
Huntington’s), using a conservative EI cutoff of EI ≥ 1 should
suffice in the identification of possible invalid responding. For
those who fail, conclusions regarding cognitive ability might
be deferred or further evaluation incorporating stand-alone
validity measures might be considered, and comments regard-
ing true cognitive deficits delayed until that time. In this situ-
ation, other RBANS scores within the average range might be
interpreted to reflect a minimal level of performance. For
those over 65 or with likely true memory deficits (based on
history, presentation, collateral information, etc.), interpreting
the ES in the context of a failed EI might be considered.
Clinicians and researchers using the RBANS should not rely
on a single embeddedmeasure cutoff score. Other information
such as inconsistencies in reported history, knowledge of
known brain-behavior relationships, and profile of perfor-
mance across RBANS indices and subtests may also be help-
ful in informing decisions regarding validity of cognitive test
performance.

There were some limitations to this study. First, there were
a relatively small number of available studies, resulting in
limited power to investigate underlying sources of heteroge-
neity (e.g., diagnostic group) and the effect of outliers.
Heterogeneity analyses in meta-analysis of diagnostic accura-
cy studies with a small number of studies are underpowered
and important characteristics contributing to heterogeneity
may not be identified. Although the importance of accounting
for differences in military and older samples were identified,
this does not rule out the possibility that other sample specific
characteristics may have contributed to model variability. Too
few studies evaluated each EI cutoff score, limiting the ability
to use bivariate approaches. For the ES, many studies only

reported performance at the established cutoff score (ES <
12), which did not allow for meta-analysis. Additionally, there
was significant heterogeneity across studies. Further research
is needed to more firmly establish cutoff scores for embedded
validity measures within the RBANS and expand the use of
such across additional populations, most notably geriatric
populations. Research validating the promising CRIER and
PVI indices and comparing them with the EI and ES would
be a significant contribution. Finally, external validation of
related RBANS cutoff scores is needed (e.g., related to aspects
of daily functioning).
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