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Abstract

The assessment of performance validity is essential in any neuropsychological evaluation. However, relatively few meas-
ures exist that are based on attention performance embedded within routine cognitive tasks. The present study explores the
potential value of a computerized attention test, the Cognitrone, as an embedded validity indicator in the neuropsychological
assessment of early retirement claimants. Two hundred and sixty-five early retirement claimants were assessed with the Word
Memory Test (WMT) and the Cognitrone. WMT scores were used as the independent criterion to determine performance
validity. Speed and accuracy measures of the Cognitrone were analyzed in receiver operating characteristics (ROC) to clas-
sify group membership. The Cognitrone was sensitive in revealing attention deficits in early retirement claimants. Further,
54% (n=143) of the individuals showed noncredible cognitive performance, whereas 46% (n=122) showed credible cogni-
tive performance. Individuals failing the performance validity assessment showed slower (AUC=79.1%) and more inac-
curate (AUC=79.5%) attention performance than those passing the performance validity assessment. A compound score
integrating speed and accuracy revealed incremental value as indicated by AUC=87.9%. Various cut scores are suggested,
resulting in equal rates of 80% sensitivity and specificity (cut score =1.297) or 69% sensitivity with 90% specificity (cut
score =0.734). The present study supports the sensitivity of the Cognitrone for the assessment of attention deficits in early
retirement claimants and its potential value as an embedded validity indicator. Further research on different samples and
with multidimensional criteria for determining invalid performance are required before clinical application can be suggested.
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Introduction

The assessment of symptom and performance validity is
considered an essential part of any clinical neuropsychologi-
cal evaluation. Both, position papers and consensus reports,
stated that all clinicians should proactively include validity
measures in their assessments, regardless of the assessment
context (Bush et al., 2005; Sherman et al., 2020; Sweet et al.,
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2021). Noncredible cognitive performance, as indicated by
cognitive underperformance, is not restricted to narrowly
defined assessment contexts but occurs regularly in vari-
ous settings of neuropsychological evaluation, including the
psychiatric, neurological, or forensic context (Czornik et al.,
2021a, b; Dandachi-FitzGerald et al., 2016; Merten et al.,
2021; Stevens et al., 2018). Even though the exact base
rate of noncredible performance is difficult to estimate as
it depends on a great variety of factors, it can be assumed
that base rates of invalid test data are particularly high in
the forensic setting in individuals with external incentives
(Martin & Schroeder, 2020; Schroeder et al., 2021).
Research over the last decades considered a large number
of validity measures, so-called performance validity tests
(PVTs), that can be classified into stand-alone (freestand-
ing) validity tests and validity indicators embedded within
routine measures of neuropsychological functions (for an
overview, see Boone, 2021). While stand-alone PVTs are
considered the gold standard for producing high diagnostic
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accuracy in distinguishing credible and noncredible cogni-
tive performance, embedded PVTs have certain advantages
over stand-alone PVTs (An et al., 2019; Erdodi et al., 2014,
2018). Empirical evidence and current practice standards
recommend the use of multiple PVTs to assess validity and
stress the need to sample validity continuously throughout
the assessment and across cognitive domains (e.g., Rhoads
et al., 2021; Soble, 2021; Sweet et al., 2021). Relying solely
on multiple stand-alone PVTs would require considerable
additional test-taking time, which is problematic and may
not be feasible in many situations. Further, a large number
of stand-alone PVTs are memory-based, which may limit
the possibility to cover various cognitive domains in valid-
ity assessment. These problems can be solved by combining
stand-alone tests with embedded indicators of performance
validity (e.g., Soble, 2021). Embedded indicators have the
advantage that they do not require additional administration
time and automatically sample various cognitive domains,
since they are derived from routinely administered cognitive
tests (e.g., tests for information processing speed, attention,
executive functioning, or memory). Embedded PVTs have
the additional advantage over stand-alone PVTs that they
measure a clinically relevant construct, and if the perfor-
mance measure is deemed valid, the routine test provides
information on cognitive functioning. Moreover, embed-
ded PVTs are more robust to coaching as embedded valid-
ity testing is inseparable from ability testing (i.e., prepara-
tion of individuals prior to the assessment, Brennan et al.,
2009; Suhr & Gunstad, 2007). As the main disadvantage,
embedded validity indicators are more sensitive to cognitive
impairment compared to stand-alone PVTs, which requires
more extensive validation research for specific conditions
in order to avoid the confusion of invalid with impaired test
performance (e.g., see invalid-before-impaired paradox,
Erdodi & Lichtenstein, 2017). However, the disadvantage
of a specific embedded validity test might be overcome in
clinical practice by aggregating multiple indicators of per-
formance validity under the condition that each indicator
has sufficiently large specificity for the diagnostic condition
evaluated (e.g., Erdodi & Lichtenstein, 2017).
Neuropsychological tests for attention and concentration
constitute promising candidates for embedded validity test-
ing as attention disorders occur frequently in patients with
acquired brain injury and psychiatric populations (Fish,
2017; Fuermaier et al., 2019; Spikman et al., 2001; Sturm,
2009). The assessment of attention disorders has great value
for neurorehabilitation and psychological treatment, as atten-
tion is an integral cognitive function for many aspects of
daily living, such as academic performance, following and
contributing to conversations, mobility and car driving,
occupational functioning, or managing finances. Further,
attention is also assumed to be the building block for various
other aspects of cognition (Butzbach et al., 2019; Duncan,
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2013; Mohamed et al., 2021; Spikman et al., 1996) and,
thus, directly or indirectly, affects a broad range of cogni-
tive operations of our daily lives. Therefore, the forensic
and clinical neuropsychological practice commonly applies
computerized neuropsychological tests in order to determine
the presence of attention deficits. Widespread popularity and
common availability in neuropsychological practice is rec-
ognized for continuous performance tests (CPT; Rosvold
et al., 1956). Because CPTs were designed to assess one
or several aspects of sustained attention, they, obviously,
share several features with short-term tests for attention and
concentration, such as stimulus configuration, outcome vari-
ables, and cognitive demands.

On these grounds, attention tests, including CPTs, became
growingly popular in research for their potential value to serve
as embedded PVTs (Erdodi et al., 2014; Fuermaier et al., 2018;
Harrison & Armstrong, 2020; Leppma et al., 2018; Stevens
& Merten, 2010; Tucha et al., 2015; Willison & Tombaugh,
2006; Woods et al. 2015a, b). Although attention tests vary
widely in task characteristics, stimulus material and configura-
tion, and administration test duration, the accuracy and speed
of responses on computerized attention tests are the most
promising for predictive accuracy for noncredible cognitive
performance. Reaction times (RT) and the variability of reac-
tion times (often expressed by the standard deviation, RTSD)
using the Alertness subtest of the TAP battery of attention
performance (Zimmermann & Fimm, 1995) were dedicated
particular interest by several research groups (Bodenburg,
2014; Czornik et al., 2021a, b; Fiene et al. 2015; Steck et al.,
2000; Stevens et al., 2016). By employing different research
designs on various populations, it was concluded that both
reaction times and the variability of reaction times on simple
attention tasks are promising variables to serve as embedded
validity indicators. Next to embedded validity indicators, there
is also a growing body of research on the development and
evaluation of stand-alone performance validity tests that are
seemingly related to attention, such as the Groningen Effort
Test (GET; Fuermaier et al., 2016, 2017), the Dot Counting
Test (DCT; basic counting skills; Boone et al., 2002), or the
Victoria Symptom Validity Test (VSVT; learning and recalling
digits; Slick et al., 1996, 1997).

Against the background of previous research in this field,
it can be hypothesized that also other routine measures of
attention may constitute useful embedded validity indicators
if they are (1) frequently administered in the neuropsycho-
logical assessment context, (2) include speeded response
parameters, and (3) complement the speed of responses
with the accuracy of task performance. The Cognitrone
(Schuhfried, 2021) is a computerized test for attention
and concentration that fulfills these requirements and may
have the potential to serve as an embedded PVT in various
neuropsychological assessment settings. The Cognitrone
requires a continuous perception and processing of visual
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information, while responses on the congruence between
geometric target and reference figures must be given in a
timely and correct manner. The present study explored its
utility as an embedded PVT in an archival dataset of 281
early retirement claimants referred for a neuropsychological
evaluation to private office in Vienna, Austria. Whereas the
sample of this study has been described in earlier research
(Czornik et al., 2021a, b), the present study seeks to explore
the utility of the Cognitrone to serve as an embedded PVT
in distinguishing credible from noncredible cognitive test
performance. The design of this study follows the principles

of a known-groups comparison, with the Word Memory Test
(WMT; Green, 2003) as the criterion to determine noncred-
ible cognitive test performance. Based on earlier research on
attention paradigms and RT tasks, we expect the Cognitrone
as a speeded attention task to serve as a useful embedded
PVT. Classification accuracy is expected to be in a similar
range than that for TAP subtasks as shown by others in ear-
lier and related research. Further, we expect incremental
validity in detecting noncredible cognitive test performance
if both accuracy and speed of responses (i.e., in terms of
speeded response frequency) are considered.

Fig. 1 Flow chart of participant
selection for the present study
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Table 1 Descriptive information and cognitive test performance of individuals passing and failing performance validity assessment (WMT)

Total (N =265) WMT-pass (n =122) WMT-fail (n=143) Z/X? P Cohen’s d
M=+SD PR<8 M=+SD PR<8 M=+SD PR<8
Characteristics
Age (in years) 47.8+9.7 46.6+10.8 48.8+8.6 1.312 0.190 0.23
Sex (f/m) 133/132 62/60 71/72 0.036 0.850
Education (years) 11.1+3.7 11.7+4.1 10.6+3.2 2.291 0.022  0.30
Depression (BDI-II) 28.1+13.4 23.8+13.6 32.1+12.1 4.647 <.001 0.65
Word Memory Test
WMT-IR 83.5+179 97.7+3.5 71.4+16.3 13.394 <.001 2.15
WMT-DR 82.0+18.5 97.5+3.6 68.7+15.4 13931 <.001 2.49
WMT-CNS 79.9+17.1 95.8+4.9 66.4+11.1 14.054 <.001 334
WMT-MC 67.2+24.3 88.5+12.2 49.1+15.8 13.139  <.001 2.76
WMT-PA 60.3+26.6 82.3+16.5 41.1+17.2 12.617 <.001 2.44
WMT-FR 35.5+18.3 47.1+17.3 24.6+11.0 10.065 <.001 1.58
Cognitrone
COG-Sum 266.6+124.5 49.8 331.6+111.6 26.2 211.1+107.1  69.9 8.155 <.001 1.10
COG-Incorrect 8.1+11.9 38.1 2.8+3.0 11.5 12.5+14.5 60.8 8273 <.001 0.89

Education is indicated in years of school education including university/college

BDI-II Beck Depression Inventory—II, WMT Word Memory Test, IR immediate recall, DR delayed recall, CNS consistency, MC multiple choice,
PA paired associates, FR free recall, COG Cognitrone, Sum Sum of Responses, Incorrect % incorrect responses, PR % of individuals having a
percentile equal or smaller than 8 according to test norms as provided by the publisher

Methods

This retrospective study used an archival data sample stem-
ming from the Department of Neurology of the Medical Uni-
versity of Vienna, Austria, collected in private office. The
sample has been used in earlier research addressing related
research questions and was described in detail by Czornik
et al. (2021a, b). This sample contained data of independ-
ent neuropsychological evaluations of patients claiming
early retirement due to significant cognitive impairment.
Patients were referred by a general court or a pension insur-
ance agency and were assessed between 2012 and 2019.
The study protocol was approved by the Ethical Committee
of the Medical University of Vienna and was conducted in
accordance with the Declaration of Helsinki (registry num-
ber 2231/2020). All patients underwent a comprehensive
neuropsychological evaluation, whereas the present study
describes only materials and procedures for the current
research question.

Participants and Procedure

The sample composition was presented in detail by
Czornik et al. (2021a, b) and consisted mainly of patients
with a confirmed ICD-10 (World Health Organization,
2011) chapter F (mental and behavioral disorders)
diagnosis, a probable F diagnosis, or the claim of an F
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diagnosis. However, the diagnostic status of individuals
cannot be reported systematically for the present study,
as diagnoses are not communicated to the examiners in
the context of Austrian pension insurance referrals. The
distribution of clinical disorders was estimated to be char-
acterized by predominantly depressive disorders (about
one-third), followed by adjustment disorders and ICD-10
neurasthenia (about one-fourth), anxiety disorder (about
one-tenth), somatoform disorders (about 5% of cases),
and a minority of diverse diagnoses (including substance
abuse). Claims of softer psychopathology (Plomin, 1986)
constituted the majority of cases in contrast to psycho-
pathological syndromes of psychoses, delusions, confu-
sional states, amnestic syndromes, or dementia.

Two hundred and eighty-one participants were initially
considered for inclusion in the present study. Sixteen partici-
pants were excluded from data analysis because of incom-
plete WMT data (n=2), incomplete COG data (n=06), pri-
mary intellectual disability (n=3), or a major neurocognitive
disorder (such as dementia or amnestic syndrome; n=>5). Of
the 265 participants entering data analysis, 143 failed the
WMT (i.e., noncredible performance), and 122 passed the
WMT (i.e., credible performance). Figure 1 depicts a flow
chart of participant inclusion and exclusion. Descriptive
information of the remaining sample is presented in Table 1,
including age, gender, educational level, and depressive
symptoms as assessed by the BDI-II.
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Materials
BDI-II

Depressive symptoms were assessed with the Beck Depres-
sion Inventory—II (BDI-II; Beck et al., 1996; Hautzinger
et al., 2006). The BDI-II contains 21 items, each rated on a
4-point scale (0-3), describing the experiences of depres-
sive symptoms within the last 2 weeks. The BDI-II score is
obtained by summing up individual item scores and, thus,
ranges from O to 63. Any BDI-II score equal or higher than
19 indicates clinically relevant depressive symptoms in psy-
chiatric patients (von Glischinski et al., 2019).

Word Memory Test

The Word Memory Test (WMT; Brockhaus & Merten, 2004;
Green, 2003) is a computerized verbal memory test with
built-in validity measures that intend to capture cognitive
underperformance. The WMT involves memorizing a list
of 20 semantically related simple word pairs, which is pre-
sented twice in the learning phase. Subsequently, three valid-
ity subtests and then three subtests for memory ability are
administered. The present study considers the three validity
subtests, i.e., immediate recognition, delayed recognition,
and consistency, to classify the credibility of cognitive test
performance. Per manual (Green, 2003), noncredible cogni-
tive performance (WMT-fail) is concluded if the examinee
scores equal to or below 82.5% on at least one of these three
WMT subtests. Credible cognitive performance is concluded
if the examinee scores above 82.5% on all three validity
subtests (WMT-pass). The WMT was applied in numerous
studies on diverse populations and was praised for its high
sensitivity, with somewhat lower specificity rates (for an
overview see Schroeder & Martin, 2021). A profile analysis
(i.e., easy—hard difference) and the clinical presentation of
individuals, as well as participation in real-world activities,
were taken into consideration for the identification of major
neurocognitive memory impairment, which was excluded
from the main analysis.

Cognitrone (COG, Test Form S8)

The Cognitrone (abbreviation COG, test form S8, Schuhfried,
2021) is a computerized test for attention and concentration.
The test requires the perception and processing of visual infor-
mation and responding in a timely and correct manner. This
test includes the defining characteristics of concentration tasks
as it is composed of clearly visual stimuli, straightforward and
easy-to-remember rules, and the differentiation between the
speed and accuracy of responses as test outcome variables
(Westhoff & Hagemeister, 2005). A series of items (geomet-
ric figures) are presented in consecutive order in the COG test

administration. In each item, a target figure and four refer-
ence figures are presented on the screen, and the respondent is
required to indicate as quickly as possible by pressing the cor-
rect of the two response buttons whether or not the target figure
matches one of the reference figures. The next stimulus follows
as soon as the answer is entered. Omitting items and going
back to a preceding item is not possible. Working time on the
COG is exactly seven minutes, in which as many items as pos-
sible should be evaluated. The COG’s total administration time
including the instruction phase is about 9 min. Test scores are
the Sum of Responses, which is a quantitative indication of
the number of all correct and incorrect responses given in the
7 min (speed indication) and the Incorrect Responses (% incor-
rect responses), which indicates the accuracy of the examinee’s
responses. The COG is normed based on a representative norm
sample of 287 individuals aged 16 to 84 (Schuhfried, 2021).

Psychometric properties of the COG were examined by
the test publisher and by independent follow-up research.
The test yielded good internal consistency (0.87 and 0.98,
for Incorrect Responses and Sum of Responses, respec-
tively) and test-retest reliability (0.82; for a different test
version, S11). Construct validity of the COG was shown by
convergent and discriminant validity to near (e.g., choice
reaction time tasks) and far-related (e.g., visual memory or
visuospatial working memory) cognitive measures and by
confirmatory factor analyses (Schuhfried, 2021). Further,
the criterion validity of the COG was supported by studies
implementing the COG in assessment batteries determin-
ing car-driving abilities in clinical and non-clinical samples
(Ferreira, et al., 2013; Risser et al., 2008; Sommer et al.,
2008, 2010).

Statistical Analysis

Characteristics of individuals and cognitive test performance
were presented in descriptive statistics (means, standard
deviations; frequencies for categorical data). For the Cog-
nitrone test performance, individual test scores were addi-
tionally compared to test norms in order to identify those
individuals scoring below average (PR <8, Guilmette et al.,
2020). Descriptive statistics were presented for the entire
group (N=265), as well as separately for those individuals
passing (n=122; credible performance) and failing (n= 143,
noncredible performance) the WMT. Further, we considered
a stricter criterion for passing the WMT by classifying test
performance as credible only if all three WMT scores were
above 90%. Group’s statistics of this exploratory analysis
are presented in the supplementary file. Next, all variables
were statistically compared between both groups. Nonpara-
metric group comparisons (i.e., Mann—Whitney U tests or
chi-square tests for nominal data) were employed because of
violations of assumptions for parametric testing (including
normality and homogeneity of variances). The effect size
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Cohen’s d was calculated for each comparison to indicate
the magnitude of the difference. Effect sizes were interpreted
based on Cohen’s classification as negligible (d <0.2), small
(0.2<d<0.5), medium (0.5 <d<0.8), and large (d>0.8;
Cohen, 1988). The utility of the Cognitrone in classifying
noncredible and credible test performance was explored in
receiver operating characteristic (ROC) analyses, in which
either of the COG variables was entered as test variable,
and the WMT classification served as state variable. In case
both models revealed significant classification accuracy, the
incremental value when considering both COG variables
was examined in binary logistic regression analysis with
forward inclusion of predictor variables (COG variables)
to distinguish credible from noncredible test performance
(WMT classification). Because the groups showing cred-
ible and noncredible test performance also revealed small
to moderate differences in years of education and depres-
sive symptoms (see result section for a detailed presenta-
tion), additional hierarchical logistic regression models were
carried out. In these models, either education or depressive
symptoms were entered to the model as a second step after
both COG variables have already been considered by the
model in a first step. Bivariate correlation analyses further
explored the effect of BDI-II scores and its association with
attention performance and passing or failing the WMT.

In a subsequent step, in order to maximize the utility of both
COG variables in distinguishing credible from noncredible test
performance, we computed a Cognitrone Compound Score
(CCS) by considering maximum value of each of the COG
variables in classifying credible and noncredible performance.
The CCS was derived by summing up the COG variables, each
weighted with their unstandardized regression coefficients as
obtained from the logistic regression model. The utility of the
CCS in distinguishing credible from noncredible test perfor-
mance was examined in another ROC analysis. Further, clas-
sification statistics sensitivity and specificity were presented for
various cut scores of the CCS, together with their correspond-
ing positive and negative predictive values (PPV, NPV) for a
range of hypothetical base rate assumptions.

Results
Of the 265 individuals entering data analysis, 122 (46%) indi-

viduals passed, and 143 (54%) individuals failed the perfor-
mance validity assessment based on the WMT. Descriptive

information and cognitive test performance of individuals
passing and failing performance validity assessment are pre-
sented in Table 1. As expected, the group failing the WMT
differed substantially from the group passing the WMT in all
variables of this test, as indicated by Cohen’s d effect sizes
larger than two in five of the six WMT variables. Further,
the group showing noncredible test performance indicated a
slightly smaller number of years of education (small effect) and
higher scores in depressive symptoms (medium effect) than
the group showing credible test data; however, both groups
did not differ significantly in age or gender. With regard to the
Cognitrone, data analyses revealed in the group with noncred-
ible test performance a significantly smaller number of Sum
of Responses (indicating slower response speed) and a higher
percentage of Incorrect Responses (indicating lower accuracy)
compared to the group with credible test performance (large
effect sizes). Group differences in attention performance are
underlined by a substantial number of individuals failing the
WMT who scored below average (PR <8) in Sum of Responses
(49.8%) and Incorrect Responses (38.1%) of the Cognitrone,
compared to individuals passing the WMT of which only
up to a quarter scored below average, i.e., 26.2% on Sum of
Responses and 11.5% on Incorrect Responses. Additional
exploratory analysis was performed by classifying test perfor-
mance as credible (WMT-pass) only if all three WMT validity
indices were above 90%. Descriptive statistics of this stricter
WDMT-pass criterion are presented in Table S1 of the supple-
mentary file. One can see largely similar results than shown in
the analysis with conventional WMT performance categoriza-
tion, with the exception of a smaller proportion of individuals
passing the WMT who scored in the below average range of
the COG-Sum (20.0% vs. 26.2%) (Table 2).

Regarding the utility of the Cognitrone in distinguishing
credible from noncredible test performance, ROC analyses
indicated significant predictive power for either variable, i.e.,
Sum of Responses, AUC=0.791, SE=0.028, p<0.001, 95%
CI=0.736-0.845, and Incorrect Responses, AUC=0.795,
SE=0.027, p<0.001, 95% CI 0.741-0.848. Classification
accuracies in terms of sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV)
are presented in Table 3. In order to capture possible incre-
mental value when considering both variables in one model,
we performed a logistic regression analysis with forward
inclusion of predictor variables. This model considered first
the speeded response frequency (i.e., Sum of Responses) and
showed significant incremental predictive value when the

Table 2 Spearman correlation
coefficients (r, p) between

Total (N=265)

WMT-pass (n=122) WMT-fail (n=143)

BDI-II and Cognitrone scores COG-Sum

COG-Incorrect

0.209, <.001
0.296,<.001

0.102, .269
0.132,.153

0.074, .402
0.299.<.001

WMT Word Memory Test, COG Cognitrone, Sum Sum of Responses; Incorrect % incorrect responses
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Table 3 Classification accuracy of Sum of Responses, Incorrect Responses, and the Cognitrone Compound Score (CCS) for various cut scores

and hypothetical base rates of noncredible performance

Sensitivity  Specificity BR 15% 20% 30% 40% 50% 60%
PPV NPV PPV NPV PPV NPV PPV NPV PPV NPV PPV NPV

Sum of Responses <
156 0.36 0.95 0.56  0.89 0.64  0.89 076  0.78 0.83 0.69 0.88 0.60 0.92 0.50
179 0.46 0.90 0.49 0.90 054 0.89 0.66  0.80 0.75 0.71 0.82 0.63 0.87 0.53
205 0.57 0.85 040 092 0.49 0.89 0.62 0.82 072  0.75 0.79 0.66 0.85 0.57
227 0.60 0.80 0.35 0.92 0.43 0.89 0.56 0.82 0.67 0.75 0.75 0.67 0.82 0.57
257 0.69 0.75 0.33 0.93 0.41 0.91 054 085 0.65 0.78 0.73 0.71 0.81 0.62
321 0.85 0.53 024 095 0.31 0.93 0.44 0.89 0.55 0.84 0.64 0.78 0.73 0.70
355 0.90 0.39 0.21 0.96 0.27 0.94 0.39 0.90 050  0.85 0.60  0.80 0.69 0.72
415 0.95 0.22 0.18 0.96 0.23 0.95 034 091 0.45 0.87 0.55 0.82 0.65 0.75
Incorrect Responses >
7.335  0.54 0.95 0.66 0.92 0.73 0.89 0.82 0.83 0.88 0.76 0.92 0.67 094  0.58
5.500 0.61 0.90 0.52 0.93 0.60  0.90 0.72 0.84 0.80  0.78 0.86 0.70 090  0.61
4.745  0.63 0.85 0.43 0.93 0.51 0.90 0.64 0.84 0.74  0.78 0.81 0.70 0.86 0.61
4.390  0.65 0.80 0.37 0.93 0.45 0.90 0.58 0.84 0.68 0.77 0.77 0.70 0.83 0.61
3735  0.69 0.75 0.33 0.93 0.41 0.91 0.54 0.85 0.65 0.78 0.73 0.71 0.81 0.62
1.700  0.85 0.41 0.21 0.94 0.27 0.92 0.38 0.87 0.49 0.80 0.59 0.73 0.68 0.65
1.375  0.90 0.32 0.19 0.95 0.25 0.93 036  0.88 0.47 0.83 0.57 0.76 0.67 0.68
1.005  0.95 0.24 0.18 0.97 024 095 0.35 0.92 0.46 0.88 0.56 0.83 0.65 0.76
CCS<
0494  0.64 0.95 0.69 0.94 0.76 0.91 0.85 0.86 090  0.80 0.93 0.73 0.95 0.64
0.734  0.69 0.90 0.55 0.94 0.63 0.92 0.75 0.87 0.82  0.81 0.87 0.74 0.91 0.66
1.165  0.77 0.85 0.48 0.95 0.56 0.94 0.69 0.90 0.77 0.85 0.84  0.79 0.89  0.71
1.297  0.80 0.80 0.41 0.96 0.50 0.94 0.63 0.90 0.73 0.86 0.80  0.80 0.86 0.73
1.435  0.82 0.75 0.37 0.96 0.45 0.94 0.58 0.91 0.69 0.86 0.77 0.81 0.83 0.74
1.639  0.86 0.70 034 097 042 095 0.55 0.92 0.66 0.88 074  0.83 0.81 0.77
1.948  0.90 0.62 0.30 097 0.37 0.96 050 094 0.61 0.90 0.70 0.86 0.78 0.81
2546 095 0.44 0.23 0.98 0.30 097 042 095 0.53 0.93 0.63 0.90 0.72 0.85

In bold: cut score with specificity =90%

CCS Cognitrone Compound Score, BR base rate, PPV positive predictive value, NPV negative predictive value

accuracy index (i.e., Incorrect Responses) of the Cogni-
trone was entered to the model, X? (2) = 135.057, p <0.001,
with Cox & Snell R? increasing from 23.0 to 39.9% in the
second step. Both variables contributed significantly to
the model, with Sum of Responses, B=0.009, SE=0.002,
X? (1)=37.215, p<0.001, and Incorrect Responses,
B=—0.286, SE=0.051, X*> (1)=37.175, p<0.001. Corre-
lation analyses between both attention scores further justi-
fied the relevance to include both in our prediction models.
Whereas we observed a small effect on the total sample,
r=0.275, p<0.001, only negligible effects were demon-
strated for the WMT-pass group, r=0.092, p=0.311, and
the WMT-fail group, r=0.166, p=0.048.

Further, hierarchical logistic regression models exam-
ined whether education (in years of schooling) or depres-
sive symptoms (BDI-II) increased the predictive value
of noncredible test performance. When entering both

Cognitrone variables first to the model, neither education,
X? (1)=2.278, p=0.131, nor depressive symptoms, X°
(1)=3.721, p=0.054, made a significant improvement to the
model. Additional correlation analyses between depression
and COG performance are presented in Table 2. Correlation
statistics revealed negligible to small association between
cognitive performance and depression, which turned sig-
nificant in three of the six indices. A point-biserial correla-
tion between BDI-II scores and passing or failing the WMT
revealed a medium effect, r=0.307, p <0.001.

Next, in order to maximize the utility of the Cognitrone in
distinguishing credible from noncredible test performance,
we computed a Cognitrone Compound Score (CCS) by sum-
ming up the variable scores Sum of Responses and Incor-
rect Responses (% incorrect responses), each weighted with
their unstandardized regression coefficients from the logis-
tic regression model, i.e., CCS =Sum of Responses x 0.009
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Fig.2 Receiver operating characteristic (ROC) curve indicating diag-
nostic accuracy of the Cognitrone Compound Score (CCS) in dis-
tinguishing individuals with noncredible test performance (n=143)
from individuals with credible test performance (n=122)

— Incorrect Responses X 0.286. The classification accuracy of
the CCS outperformed the models with single raw variables,
AUC=0.879, SE=0.021, p<0.001, 95% CI=0.839-0.920.
Figure 2 presents a graphical depiction of the ROC analysis
and the corresponding AUC as derived from the CCS in
distinguishing credible from noncredible test performance.
Table 3 shows classification statistics sensitivity and speci-
ficity for various cut scores of the CCS. Table 3 additionally
presents corresponding positive predictive values (PPV) and
negative predictive values (NPV) for a range of hypothetical
base rate assumptions of noncredible performance.

To illustrate the computation and interpretation of
the CCS, a given individual with, for example, Sum of
Responses =357 and Incorrect Responses=3.08 arrives at
aCCS=357x0.009 —3.08 x0.286=2.33, which falls above
the suggested cut score of 0.734. Alternatively, another
individual with Sum of Responses =144 and Incorrect
Responses =4.17 yields a CCS of 0.103 (i.e., 144 x0.009
—4.17x0.286), which falls below the suggested cut score
of 0.734.

Discussion

The present study showed a 54% failure rate of performance
validity testing based on the WMT as the criterion for non-
credible cognitive performance. Czornik et al. (2021a, b)
already reported this WMT failure rate on the same sample
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of individuals, which falls within the broad range of estimated
base rates of noncredible cognitive performance in forensic
assessments reported in previous studies (Greiffenstein, et al.,
1994; Larrabee et al., 2008; for a more comprehensive back-
ground, see Boone, 2021). Of note, it must be stressed that
base rates are difficult to estimate as they depend on a great
variety of factors, including the assessment setting, the pres-
ence of external gains, and the applied instruments for validity
testing (Rogers et al., 1998).

Both the groups with credible and noncredible cognitive
performance displayed higher rates of below average perfor-
mance in attention assessment than it can be expected from a
norm group, on the basis of a definition of “below average”
with any score equal or lower the 8th percentile. Differences
in below average rates emerged between groups, with only
a slighter elevation of below average attention performance
in the WMT-pass group (26% and 12% for speed and accu-
racy of responses, respectively; see also the supplementary
file for a stricter criterion for passing the WMT) and much
larger elevations in the WMT-fail group (50% and 38% for
speed and accuracy, respectively). Below average speed and
accuracy of attention performance in both groups demon-
strates the sensitivity of this type of computerized attention
assessment in the population of early retirement claimants.

The findings also give first indication that the attention
assessment may be useful for embedded validity testing,
because of the substantial higher rates of below average
attention performance in the WMT-fail group compared to
the WMT-pass group. Differences in attention performance
between individuals showing credible and noncredible cog-
nitive performance are also underlined by a comparison of
raw scores indicating large effect sizes of Cohen’s d=0.89
(speed) and 1.10 (accuracy). Receiver operating characteris-
tics (ROC) confirm the utility of the COG in differentiating
between credible and noncredible cognitive performance,
with similar values of AUCs for speed (AUC=0.791) and
accuracy (AUC=0.795) of performance. From effect sizes
of group differences, as well as classification accuracy as
indicated by AUC, we learn that predictive power for each
of the COG variables was similar to the strongest variable of
the TAP Alertness task as reported by Czornik et al. (2021a,
b), which further underscores the utility of attention tasks as
embedded validity indicators. Both the TAP Alertness task
and the COG provide a speeded measure (i.e., reaction time
and speeded response frequency, respectively), whereas the
TAP additionally indicates the variability of response speed
and the COG reports the accuracy of performance. The accu-
racy of performance seems more important to indicate in the
COG compared to the TAP Alertness, as the more complex
task structure of the COG provokes a higher error rate than
simple reaction time tasks such as the TAP Alertness. In the
COG, individuals of the present study showed on average
267 responses of which 8% were incorrect, which equals to
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about 21 incorrectly committed responses on average per
person. In contrast, the entire TAP Alertness task with all
its subtests contains 80 response-demanding cues, which
are missed only in exceptions and incorrect responses occur
rarely. This can be relevant as there is indication that pro-
cessing speed is less suitable to serve as embedded validity
indicator (i.e., low sensitivity) in populations with marked
cognitive impairment (Ovsiew et al., 2020). In this case, a
consideration of an accuracy measure (i.e., COG-Incorrect)
as the primary embedded validity indicator may result in less
false-positive classifications.

Considering both speed and accuracy of attention per-
formance of the COG has proven to represent nonredundant
information in the differentiation of credible from noncred-
ible cognitive performance. Incremental value was observed
when both variables are considered jointly, which increases
explained variance from 23.0 to 39.9% in hierarchical regres-
sion models, and an AUC of 88% in the ROC analysis when
considering the compound score (CCS). The classification
accuracy of the CCS is superior to the classification accuracy
of the variability of reaction times as reported by Czornik
et al. (2021a, b) on the same sample and provides evidence
for the advantage of jointly considering speed and accuracy of
responses. A compound score integrating the speed and accu-
racy of attention performance may have another advantage that
genuine cognitive dysfunction is more difficult to feign even
for well-prepared individuals, as both variables and their trade-
off need to be considered during task execution. Of note, it
must be considered that the CCS is not readily available in the
standard test output of the COG but must be computed manu-
ally. A compound score of attention variables for performance
validity testing was also derived by Stevens et al. (2016) based
on subtests of the TAP (Alertness and Go/NoGo) administered
on individuals with and without brain lesion who were or were
not involved in litigation. Based on factor analysis, the authors
selected the variables representing the reaction time and varia-
bility of reaction time of the Alertness task while ignoring vari-
ables of the Go/NoGo task. The authors entered the selected
variables into a logistic regression analysis to compute a com-
pound score, which yielded good classification accuracy of
noncredible performance in an independent validation sample,
i.e., sensitivity =79% and specificity =87%. For the compound
score of the COG in the present study (CCS), classification
rates as presented in Table 3 suggest a cut score of 1.297 on the
grounds that sensitivity and specificity are considered equally
important (both reaching 80%). A cut score of 0.734 may be
applied when specificity of at least 90% is desired (Boone,
2021), which results in an acceptable sensitivity rate of 69%.

Given the widespread availability and common use of
CPTs in neuropsychological practice, their utility to serve
as embedded PVTs has been studied in a considerable
amount of research. Classification accuracy of the COG in
the present study falls in a similar range and is thus broadly

consistent with the results of a variety of CPT research on
different populations (i.e., traumatic brain injury (TBI)
or adults with attention-deficit/hyperactivity disorder
(ADHD)), research designs (i.e., known-groups comparisons
or simulation designs), and applied variants of a CPT. For
example, Harrison and Armstrong (2020) administered the
Test of Variables of Attention (TOVA; Leark et al., 2007)
in a known-groups comparison on adults at clinical evalu-
ation of ADHD and reported most promising accuracy for
the numbers of omissions (i.e., an accuracy measure) and
the variability of reaction times, with effects falling in a
same range than the ones of the present study. Similar con-
clusions were drawn from a simulation design in ADHD
research (Fuermaier et al., 2018) when considering the speed
and accuracy (omissions) of responses in the Perception and
Attention Functions—Vigilance (WAFV; Schuhfried, 2013;
Sturm, 2006). Variants of the Conners’ CPT (2nd and 3rd
edition, Conners, 2004, 2014) were applied in a number of
studies on different populations, including individuals evalu-
ated for ADHD (Scimeca et al., 2021; for a review see also
Tucha et al., 2015) and patients with TBI (e.g., Erdodi et al.,
2014). Using known-groups designs with independent crite-
rion PVTs, effect sizes between groups and AUCs for the test
variables omission errors, the reaction time, and the variabil-
ity of reaction time roughly corresponded to the effects found
in the present study. A slightly higher accuracy in detecting
noncredible cognitive performance, especially on grounds
of simple reaction time (i.e., 80% sensitivity and 87-93%
specificity), was reported by Willison and Tombaugh
(2006) in a simulation design on patients with TBI using
the Computerized Test for Information Processing (CTIP,
Tombaugh & Rees, 2000).

Finally, in the present study it was noted that people
showing noncredible performance scored also higher
on depressive symptoms than people with credible cog-
nitive performance. Czornik et al. (2021a, b) explained
this observation with the possibility that PVT failure may
be linked to increased issues of psychopathology (i.e.,
depression) and/or that individuals failing PVT assess-
ment may be prone to extreme symptom overreporting (see
also Merten et al., 2020). Whereas the exact nature of this
phenomenon is outside the scope of this paper, the effect
of self-reported depressive symptoms on cognitive per-
formance was only small in the present study, and BDI-II
scores did not add significant predictive value to noncred-
ible cognitive performance after COG performance has
already been considered. A stronger and more prominent
effect of depression may be observed on more heteroge-
neous samples with a larger spread in functioning. This
can be speculated based on the observation of moderate
depressive symptoms in the WMT-fail group, which may
have restricted the range of scores and may have masked
true existing relationships.
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Limitations and Future Directions

As a major limitation of the present study, it must be noted
that only one PVT (i.e., the WMT) was used as the criterion
to determine noncredible cognitive performance. The use
of a single criterion PVT has been shown to distort accu-
racy estimates of the predictor PVT, especially when high
congruence between predictor and criterion is given (see
domain-specificity hypothesis, Erdodi et al., 2018). In favor
of the present study, the congruence between the cognitive
domains of the predictor PVT (COG as an attention test)
and criterion PVT (WMT as a verbal memory test) was
low, and the WMT is presumably one of the best studied
PVTs and de facto gold standard in clinic and research. Yet,
the use of multiple PVTs (failure on > 2 independent PVTs
according to current standards, see Schroeder et al., 2019;
Soble, 2021), or a multidimensional definition of noncred-
ible symptom report or performance, became the standard
in practice, and research would strengthen the rigor of this
study (Rhoads et al., 2021; Sherman et al., 2020; Sweet
etal., 2021).

Related to this first point of limitation, further validation
of the COG as embedded validity indicator seems necessary,
especially against embedded and stand-alone PVTs that are
also seemingly related to attention and may thus be based
on the same cognitive domain. The GET (attention-based
PVT; Fuermaier et al., 2016, 2017), the DCT (basic counting
skills, Boone et al., 2002), or the VSVT (learning and recall-
ing digits; Slick et al., 1996) may be suitable stand-alone
PVTs. Other well-established embedded validity measures
that share cognitive characteristics with the COG would
be the Reliable Digit Span (RDS; short-term and working
memory; Greiffenstein et al., 1994) or variants of a CPT as
discussed before.

Further, the key variable composed to serve as embedded
validity indicator (CCS) was derived from a weighted sum
of the speed (COG-Speed) and accuracy (COG-Incorrect)
on the Cognitrone. Even though the variable weights were
estimated from logistic regression on a sufficiently large
sample, the reliability of the weights are still to be exam-
ined in replication research. In this context, the question also
arises whether the computation of the compound score is
context and population dependent, taking into considera-
tion population-specific speed-accuracy tradeoffs to reach
utmost classification accuracy. For this reason, the present
study carried out ROC analysis also for the single variable
scores representing speed and performance accuracy, which
allows a determination of performance validity based on one
performance type by ignoring the other. In addition to dif-
ferent weighting of speed and accuracy measures, also the
cut scores determining noncredible performance may dif-
fer per assessment context and/or population. Depending
on the severity of cognitive dysfunction, slower and more
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inaccurate attention performance may be shown, which
requires higher cut scores to maintain adequate specificity,
though at the expense of sensitivity (see invalid-before-
impaired paradox, Erdodi & Lichtenstein, 2017).

Finally, it could be considered as a limitation that the
COG was designed with a fixed test duration of 7 min, dur-
ing which participants respond to as many items as possible.
This test design affects standardization of the COG as the
number of evaluated items and the percentage of incorrect
responses differed between participants.

Conclusion

This study underscores the sensitivity of computerized attention
assessment, in particular the Cognitrone or tasks with similar
characteristics, in the neuropsychological evaluation of early
retirement claimants. Further, this study highlights the poten-
tial value of computerized attention tasks as embedded validity
indicator. The broad application of attention tests in routine
neuropsychological practice across assessment settings indi-
cate favorable conditions for the implementation of embedded
validity indicators. Whereas embedded validity indicators are
generally more difficult to recognize because they are insepa-
rable from routine function assessment, the computation of a
compound score as suggested in this study may further increase
its robustness to coaching. However, further research is needed
on different samples, and using multidimensional classification
criteria of invalid performance (Sherman et al., 2020) before
clinical application can be recommended.
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