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Abstract

Purpose/Objective—To apply multivariate base rate analyses to the National Institutes of
Health Toolbox Cognition Battery (NIHTB-CB) to facilitate the identification of cognitive
impairment in individuals with traumatic brain injury (TBI).

Research Method/Design—In a multisite cross-sectional design, 158 participants who
sustained a complicated mild or moderate TBI (n=74) or severe TBI (n=84) at least one year
earlier were administered the NIHTB-CB. The NIHTB-CB is comprised of two crystallized
cognition tests (reflecting premorbid ability) and five fluid cognition tests, measuring processing
speed, memory, and executive functioning. Base rates for obtaining 0 to 5 low fluid cognition
scores were calculated across a range of cutoffs for defining a low test score (<25th to 5th
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percentiles). Base rates of low scores in the TBI sample were compared to the NIHTB-CB
normative sample using diagnostic accuracy statistics.

Results—The proportion of the TBI sample obtaining low scores decreased as the cutoff for
defining a low score decreased. Individuals with lower premorbid cognitive ability, as measured by
NIHTB-CB crystallized composite score, tended to produce more low scores on the NIHTB-CB
fluid cognition tests, even when using fully demographically-adjusted scores. Certain patterns of
low scores were associated with TBI (defined as Likelihood Ratio>2.0), whereas others were non-
specific, occurring almost as often in participants without TBI.

Conclusions/Implications—Premorbid ability stratified base rate tables provided in this article
can guide researchers and clinicians in the interpretation of NIHTB-CB performance in adults with
TBI.
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Introduction

Cognitive impairment caused by moderate or severe traumatic brain injury (TBI) might have
diverse neurobiological underpinnings, such as focal contusions, hematomas, diffuse axonal
injury, edema, cellular dysfunction (e.g., excitotoxicity, calcium overload, oxidative stress,
mitochondrial dysfunction, and inflammation), impaired synaptic transmission, cell death
(necrosis or apoptosis), and axonal degeneration (Walker & Tesco, 2013). Cognition is often
severely affected in the initial days and weeks, and tends to gradually improve over time
(Christensen et al., 2008; Karr, Areshenkoff, & Garcia-Barrera, 2014; Schretlen & Shapiro,
2003). When considering impairment in groups of people, those with severe brain injuries
are /ikelyto have some degree of persisting or permanent cognitive impairment, and those
who sustain mild TBIs are unlikely to have persisting impairment (Christensen et al., 2008;
Dikmen, Machamer, & Temkin, 2001; Dikmen, Machamer, Winn, & Temkin, 1995; Draper
& Ponsford, 2008; Karr et al., 2014; Levin, Grossman, Rose, & Teasdale, 1979; Ruttan,
Martin, Liu, Colella, & Green, 2008; Schretlen & Shapiro, 2003). Attention, concentration,
working memory, speed of processing, and memory are often most affected (Dikmen et al.,
2001; Dikmen, Machamer, Powell, & Temkin, 2003; Dikmen et al., 1995; Dikmen, McLean,
Temkin, & Wyler, 1986; Iverson, 2005; Lezak, Howieson, & Loring, 2004; Mearns & Lees-
Haley, 1993; Spikman, Timmerman, Zomeren van, & Deelman, 1999; Whyte, Schuster,
Polansky, Adams, & Coslett, 2000). Most neuropsychological recovery following moderate
or severe TBI occurs within the first year (Christensen et al., 2008; Dikmen et al., 1995),
although some additional recovery can occur thereafter (Millis et al., 2001). Recovery tends
to be more rapid after mild TBI (Karr et al., 2014; Schretlen & Shapiro, 2003).

Clinicians and researchers typically administer several tests when evaluating cognitive
impairment in people who have sustained TBIs. These tests yield multiple scores that are
interpreted in combination to determine if a person has cognitive deficits. The psychometric
criteria for cognitive impairment varies, but commonly used cut-offs include scores that are
1 or 1.5 standard deviations (SD) below the mean. The Diagnostic and Statistical Manual of
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Mental Disorders-Fifth Edition (DSM 5; American Psychiatric Association, 2013)
recommends a cut-off score of 1 SD below the mean for defining mild neurocognitive
disorder. Applying this criterion in clinical practice and research, however, is not
straightforward. Researchers have reported that children (Brooks, Sherman, & Iverson,
2010), adults (lverson, Brooks, & Holdnack, 2012; Schretlen, Testa, Winicki, Pearlson, &
Gordon, 2008), and older adults (Brooks, Iverson, & White, 2009) with no known medical,
psychiatric, or neurological conditions that could affect cognition often obtain one or more
low scores when a battery of tests are administered (Binder, Iverson, & Brooks, 2009).
Individuals with fewer years of education or below average intellectual abilities are more
likely to obtain low scores than people with university degrees or above average intellectual
abilities (Brooks, Holdnack, & Iverson, 2011). Therefore, a “one size fits all” criterion for
identifying cognitive deficits, even if normative data are corrected for level of education
(Brooks, Iverson, Holdnack, & Feldman, 2008), will result in greater false positives in those
with below average intelligence and greater false negatives in those with above average
intelligence (Brooks et al., 2008). A methodology for understanding low scores in the
general population, when several cognitive tests are administered, is called multivariate base
rate analyses (Brooks, Iverson, & Holdnack, 2013). Multivariate base rate analyses allow
clinicians and researchers to determine if a combination or pattern of low scores is common
or uncommon in the general population. This approach can be used to operationalize the
psychometric criterion for DSM-5 mild neurocognitive disorder due to TBI in clinical and
research settings.

Brief, efficient, and reliable computerized cognitive assessment can be useful in clinical
practice and research involving those who have sustained TBIs. The National Institutes of
Health (NIH) Toolbox for the Assessment of Neurological and Behavioral Function
(Gershon et al., 2010; Gershon et al., 2013) Cognition Battery (Weintraub et al., 2013) is a
computerized neuropsychological screening battery that has been recommended as a
common data element for TBI research and clinical trials (https://
www.commondataelements.ninds.nih.gov/tbi.aspx#tab=Data_Standards). The NIH Toolbox
Cognition Battery (NIHTB-CB) measures attention, working memory, language, processing
speed, and executive functioning. In a validation paper, Tulsky and colleagues illustrate that
the NIH-TBCB is sensitive to persistent cognitive impairment following TBI, and the Fluid
Composite and Picture Sequence Memory Test have the largest effect sizes (Tulsky et al.,
under review). However, there is considerable heterogeneity in pre-injury vulnerabilities,
mechanisms of injury, and TBI pathophysiology, all of which may underlie the heterogeneity
in long-term cognitive outcomes from TBI (Allen et al., 2010; Di Paola et al., 2015; Martin
et al., 2016; Sigurdardottir et al., 2015).Group mean differences between people with vs.
without TBI represent an “averaging” of individuals with diverse neuropsychological
profiles, such as diffuse mild impairment vs. circumscribed severe impairment in a particular
cognitive domain. This group-level information cannot be readily applied to address the
clinical challenge of determining whether a specific person fulfills criteria for
neuropsychological impairment (Chelune, 2010).

Therefore, the purpose of this study is to apply multivariate base rate analyses to the
NIHTB-CB to facilitate the identification of persistent cognitive impairment following TBI.
lit is essential for researchers and clinicians to know how common it is for those with TBIls
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to obtain certain combinations of low scores, compared to adults without TBI. The current
study estimates base rates of low scores for the NIHTB-CB in those with TBIs for cut-off
scores based on the 25M, 16!, 9t and 5! percentiles.

Three samples were used in this study: the normative sample for the NIHTB-CB and two
samples of people with TBIs. The NIHTB-CB normative sample was used to estimate the
population prevalence of low scores, and comprehensive base rate analyses on this battery
are available (Holdnack et al., under review). To be included in the standardization sample
base rates, examinees had to have complete data on all seven of the NIHTB-CB tests; 843
individuals were used in the age-adjusted multivariate base rates and 793 subjects were used
in the demographically-adjusted base rate analyses because they also needed to have
complete data on all demographic variables. The normative sample (N=843) had an average
age of 47.4 years (SD=17.4) and an average education of 14.2 years (SD=2.5). The
breakdown of the sample by education was as follows: less than 12 years=9.6%, 12
years=26.3%, 13-15 years=23.8%, 16 or more years=39.4%, and unknown=0.8%. \WWomen
comprised 65.6% of the sample. The breakdown of the sample by race was as follows:
Caucasian=64.5%, African American=16.4%, Hispanic=10.7%, other=6.6%, and not
provided=1.8%.

One hundred and eighty-two individuals with a medically documented complicated mild or
moderate TBI (n=83), or severe TBI (n=99), were administered the NIHTB-CB as part of a
larger study. These are the same clinical samples as used in a broader study relating to the
NIHTB-CB following TBI (Tulsky et al., under review). They were recruited at three
rehabilitation centers: Rehabilitation Institute of Chicago (Northwestern University),
Washington University, and the University of Michigan. Institutional Review Board approval
was obtained from each participating site. Inclusion criteria for this analysis were scores on
all seven subtests of the NIHTB-CB, age at least 18 years, admission to a hospital within 24
hours of a TBI, ability to comprehend and speak English at a 5th grade level, willingness
and ability to return for follow-up testing, and at least one year must have passed since their
brain injury. Individuals with cognitive impairments due to other conditions such as a
psychiatric disorder, Alzheimer's disease, or other dementing illness were excluded.

TBI severity was classified according to the lowest GCS score within the first 24 hours after
injury (not due to intubation, sedation, or intoxication). A GCS score of <8 was classified as
severe injury, a score of 9-12 was classified as moderate injury, and complicated mild cases
had a GCS score of 13-15 with neuroimaging showing acute brain abnormality consistent
with TBI, such as subarachnoid hemorrhaging or cortical contusions. If no GCS was
available, TBI cases were classified based on the detailed description of their injury and
confirmed by a neuropsychologist on staff independent of performance on the NIHTB-CB or
traditional neurocognitive tests. See Figure 1 in Tulsky et al. (under review) for more
information regarding the review of medical records and the classification of TBI severity.
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The TBI sample (N=158) included 74 with a complicated mild/moderate TBI and 84 with a
severe TBI; their average age was 38.6 years (SD=17.4). Their average education was 13.8
years (SD=2.5). The breakdown of the sample by education was as follows: less than 12
years=13.9%, 12 years=18.4%, 13-15 years=34.8%, and 16 or more years=32.9%. Women
comprised 62.0% of the sample. The breakdown of the sample by race was as follows:
Caucasian=72.2%, African American=12.0%, Hispanic=7.6%, other=7.6%, and not
provided=0.6%. Their average time since injury was as follows: total sample M=5.8 years,
SD=5.6, Range=1-29, complicated MTBI/moderate M=4.6 years, SD=4.2, Range=1-21, and
severe TBI M=6.8 years, SD=6.3, Range=1-29.

The NIHTB-CB is comprised of seven tests that measure different aspects of crystallized
and fluid cognitive abilities. The crystallized tests are Picture Vocabulary and Oral Reading
Recognition. They yield individual scores and they are combined into a Crystallized
Cognition Composite Score. For individuals with acquired brain injury, the Crystallized
Cognition Composite Score can serve as an estimate of pre-injury general cognitive ability.
This composite correlates strongly with other known “hold” tests (Gershon et al., 2014) and
is resistant to the effects of TBI (Tulsky et al., under review). The fluid cognition tests are
List Sorting Working Memory, Picture Sequence Memory, Pattern Comparison Processing
Speed, Flanker Inhibitory Control and Attention Test (measuring both attention and
executive functioning), and the Dimensional Change Card Sort Test. These five tests are
combined into a Fluid Cognition Composite Score. The age-adjusted scale scores have a
mean of 100 and a standard deviation (SD) of 15. The demographically-adjusted T scores
are adjusted for age, gender, race (white, black, other), ethnicity (Hispanic vs. non-
Hispanic), and education; they have a mean of 50 and a SD of 10 (Casaletto et al., 2015).
Detailed description of the norming procedure is provided elsewhere (Casaletto et al., 2015).

One of the advantages of the NIHTB-CB is the relatively short administration time required
to cover the cognitive domains most likely to be impacted by brain injury as well as
providing an estimate of premorbid abilities. Total test administration time of the NIHTB-
CB is approximately 30 minutes. This brief administration time enables the clinician and
researcher to survey important cognitive domains without undue burden on the examinee.
Furthermore, the 5 subtests designed to be sensitive to brain injury allow for a multivariate
analysis of results which may improve sensitivity and specificity compared to a single score
screening measure.

The multivariate base rates of low scores for the five fluid tests of the NIHTB-CB for age
and demographically adjusted scores in the combined TBI sample are presented in Table 1.
Four different cutoff scores for defining a low score were used: <25, 16t, 9t and 5t
percentiles. Individuals with lower premorbid cognitive ability tended to produce more low
scores on the NIHTB-CB fluid subtests. Specifically, rates of low age-adjusted scores (i.e.,
<16™ percentile) on the fluid tests were significantly correlated with the NIHTB-CB
Crystallized composite (r=-.45, p<.001), Picture Vocabulary Test (r=-.46, p<.001), and Oral

Rehabil Psychol. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Holdnack et al.

Page 6

Reading Recognition Test (r=-.37, p<.001). This relationship was also observed for
demographically-adjusted scores: Crystallized composite (r=-.30, p<.001), Picture
Vocabulary Test (r=-.35, p<.001), and Oral Reading Recognition Test (r=-.19, p<.05). Table
1 provides base rates stratified by estimated premorbid ability level, in addition to overall
base rates of low scores. The rightmost columns (Demographic Norms by Crystallized
Composite) represent the greatest adjustments for variance associated with premorbid
factors. Age, gender, race, ethnicity, education level, and estimated premorbid ability (i.e.,
performance on the NIHTB-CB Crystallized composite) jointly determined to which stratum
an individual belongs.

A few examples, applying the results in Table 1, highlight the importance of premorbid
ability stratified base rates (BRs). When considering the five fluid tests, 63.9% of the TBI
sample had at least one age-adjusted score at or below the 16! percentile. For individuals
with low crystallized ability (< 90), 88.4% had at least one low fluid age-adjusted test score.
In contrast, it was less common (BR=44.4%) for individuals with high crystallized ability
(110+) to have an age-adjusted score at or below the 16! percentile. That is, individuals with
low crystallized ability were twice as likely to have at least one low score (<16t percentile).
BR differences between individuals with low vs. high premorbid ability tend to become
more extreme as the low score cutoff becomes more conservative and/or the number of low
scores increases. For example, individuals with low crystallized ability (<90) were almost
four times more likely to obtain three or more age-adjusted scores at or below the 16
percentile (BR=65.1% vs. 16.7%) and almost 10 times more likely to obtain or more+ scores
at or below the 9™ percentile (BR=51.6% vs. 5.1%) as individuals with high crystallized
ability (>110). Differences between participants in each strata of crystallized ability were
also present when using fully demographically-adjusted instead of age-adjusted norms. For
example, obtaining three or more scores at or below the 16t percentile occurred in 54.8% of
participants with low crystallized ability and 24.3% of participants with high crystallized
ability, compared to 65.1% and 16.7% based on age-adjusted norms.

Base Rates and Probability Statistics

Comprehensive analyses were undertaken to examine diagnostic accuracy statistics for
patterns of low scores on the NIHTB-CB. For these analyses, the TBI subsamples were
compared to the normative sample, adults from the general population. Demographically-
adjusted normative scores were used (Casaletto et al., 2015).The results of these analyses are
presented in Tables 2-5. A range of cutoff scores was examined (i.e., <25, 16t, 9t and 5t
percentiles). The number of low scores is presented in the first column, and the base rate
(i.e., prevalence) of the normative sample that obtained that number of low scores is
presented in the second column. For example, 15% of the normative sample obtained three
or more Fluid cognition test scores <25t percentile, compared to 38% of those with
complicated mild or moderate TBIs (column 3) and 58% of those with severe TBIs (column
4). Specificity (column 5) represents 1.0 minus the normative base rate. The likelihood ratios
(LR+ and LR-) are clinically helpful metrics that indicate how much more likely a given test
result (e.g., 1+ scores at or below the 5™ percentile) is to occur in an individual with and
without the condition of interest (e.g., severe TBI) than in an individual without that
condition of interest. The LR+ is calculated as sensitivity/(1-specificity). The higher the LR,
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the stronger evidence that the condition of interest is present. A LR of greater than two
provides significant evidence for the presence of the condition of interest. The LR- is
calculated as 1-sensitivity/specificity and represents the probability that the absence of a
positive test result is associated with the condition of interest not being present. Lower
scores represent greater certainty that the test results indicate the condition is not present.
Scores below .5 indicate greater certainty that the condition of interest is not present. LRs
for mild complicated/moderate and severe TBI groups are also provided in Table 3.

Considering the 16! percentile (Table 3) as the cutoff for a low score, 59% of individuals
with complicated mild/moderate TBI and 75% of individuals with severe TBI have one or
more low scores. Although that would suggest a high degree of sensitivity, the normative
base rate of 46% indicates poor specificity (i.e., 54% or .54). The LR+ indicates that
individuals with a single score at or below the 16! percentile are only 1.3 times more likely
to be identified as being in the mild-complicated/moderate TBI group than being in the
normative sample and 1.6 times more likely to be identified as being in the severe TBI group
than being in the normative sample. Therefore, this test finding (1+ score < 16t percentile
on the NIHTB-CB fluid tests) represents LR+ scores below 2.0 which suggests that it is not
significantly associated with TBI. The LR- score of .76 for mild complicated/moderate
indicates that the condition cannot be ruled out either (i.e., more test information is
required). For severe injuries, the LR- of .46 while not completely ruling out the condition
provides more evidence for its absence. In contrast, having three Fluid cognition test scores
at or below the 16™ percentile (Table 3) is 2.8 times more likely in the mild-complicated/
moderate TBI group compared to the normative sample, and 4.5 times more likely in the
severe TBI group compared to the normative sample, suggesting that a diagnosis of
persistent cognitive impairment due to TBI is likely.

The base rates stratified by estimated premorbid ability allow the use of different cut-offs to
maximize classification accuracy. For example, for people in the normative sample with
above average cognitive ability (Crystallized Composite T=58+), only 13% obtain two or
more scores <25 percentile, compared to 45% of those with complicated mild/moderate
TBIs and 53% of those with severe TBIs (Table 2). LR+s of 3.46 and 4.08 suggest that those
with TBIs and above average estimated premorbid ability who show this pattern of low
scores are likely to have acquired cognitive deficits. Using a cut-off score of <16™ percentile
(Table 3), having three or more low scores is uncommon in the normative sample for those
with average cognitive ability (BRs 5-13%). Having four or more low scores is uncommon
for those in the normative sample with below average cognitive ability (Crystallized
Composite<T=43; BR=11%). For those with above average cognitive ability (Crystallized
Composite T=58+), having two or more scores <16t percentile occurs in only 8% of the
normative sample compared to 41% and 33% of the two TBI groups (LR+s=5.1 and 4.1).

Algorithms for Identifying Cognitive Impairment

Algorithms for identifying cognitive impairment are presented in Table 6. The first row
presents two algorithms for cognitive impairment that can be applied to the general
population. The normative base rate represents the percentage of adults in the general
population who meet one or more of the criteria when all criteria are applied simultaneously.
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That is, there is an “or” statement after each criterion (4+ scores or 3+ scores or 2+ scores).
If a researcher or clinician wanted to require the presence of at least two low scores as the
definition of cognitive deficits, and also wanted to standardize the cut-off for the pattern of
impairment across the five fluid cognitive tests as being approximately one SD below the
mean (e.g., per DSM-5 mild neurocognitive disorder psychometric criteria), then the criteria
for impairment using demographically-adjusted T scores should be different based on a
person's estimated level of crystallized intellectual ability. For example, criteria for cognitive
impairment, stratified by estimated pre-injury level of cognitive functioning, could be as
follows: (a) High Average Crystallized Composite (T=58+), two or more scores <25t
percentile, normative BR=13.4%, mild-moderate TB1=45.4%, severe TBI=53.3%; (b)
Average Crystallized Composite (T=50-57), two or more scores <16t percentile, normative
BR=14.0%, mild-moderate TB1=38.1%, severe TBI=44.4%; (c) Average Crystallized
Composite (T=43-49), two or more scores <9t percentile, normative BR=14.7%, mild-
moderate TB1=35.0%, severe TBI=68.2%; and Low Average Crystallized Composite
(T<43), two or more scores <5t percentile, normative BR=14.5%, mild-moderate
TBI=27.3%, and severe TBI=70.0%. Notice that these ability-stratified criteria for cognitive
impairment hold the false positive rate (i.e., the normative base rate) constant. Multiple
algorithms are presented in Table 6 so that the results can be available for comparison to
results from future studies. These algorithms are not exhaustive but they represent a
methodology for creating criteria for identifying cognitive difficulties that incorporates
knowledge of multivariate base rates that have a relatively low false positive rate (i.e., <
15%).

Discussion

Cognitive impairment can occur following a mild, moderate, or severe TBI, and the type and
severity of cognitive deficits, recovery trajectory, and risk for permanency can be difficult to
predict in individual cases. The NIHTB-CB can be used by clinicians and researchers to
quantify cognitive functioning in people with TBIs, and to screen people for DSM-5 mild
neurocognitive disorder. This study provides validity evidence for the NIHTB-CB in TBI.
Another study involving the same samples reported significant group differences between
people with and without TBI, and illustrated that performance on the NIHTB-CB is
associated with injury severity (Tulsky et al., under review). The present study adds two
important findings. First, we illustrated that performance on the NIHTB-CB in TBI is
strongly related to estimated premorbid ability. As with uninjured examinees on this battery
(Holdnack et al., under review) and on various other neuropsychological test batteries (e.g.,
Brooks et al., 2011), individuals with TBI who had lower premorbid ability obtained more
low scores. Correcting for age, education, gender, race, and ethnicity with demographically-
adjusted norms was not sufficient to remove the variance associated with premorbid
intellectual ability, and in fact, only modestly attenuated the differences between participants
with differing levels of crystallized ability as measured by the NIHTB-CB Crystallized
composite. This finding is consistent with our previous studies with other test batteries and
does not reflect any known specific factors (e.g., sampling or norming method) associated
with the NIHTB-CB. The clinical implication is that crystallized ability stratified base rates
provide a more accurate estimate of the likelihood of persistent cognitive impairment in a

Rehabil Psychol. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Holdnack et al.

Page 9

given person, compared to when crystallized ability is not considered. Second, the present
study identified psychometric algorithms, stratified by estimated intellectual ability that can
be used to identify cognitive impairment in people with TBIs (see Table 6).

The findings from this study are relevant to clinicians and researchers working in
rehabilitation settings. There is a significant body of research showing that cognitive
impairment after TBI has a negative impact on daily living skills (Colantonio et al., 2004),
community reintegration, and return to competitive employment (Cattelani, Lombardi, &
Mazzucchi, 2002). The NIHTB-CB provides a relatively brief screening battery for
identifying those at risk for poor functional outcomes and can also be used to triage patients
for more comprehensive neuropsychological evaluations to assist with rehabilitation
planning.

Researchers and clinicians can use the data provided in Table 6 to screen patients or research
participants with TBI for DSM-5 mild neurocognitive disorder. The psychometric criteria for
doing so could be having two or more low scores, considering the five fluid test scores. The
cutoff for defining a low score can vary based on the person's Crystallized Composite score.
For example, for people with Crystallized Composite scores between T=50-57, having two
or more scores <16 percentile occurs in 14.0% of the normative sample, 38.1% of those
with complicated mild or moderate TBIs, and 44.4% of those with severe TBIs. For people
who have above average estimated intellectual ability (Crystallized Composite T=58+), the
criterion for screening positively for mild neurocognitive disorder could be having two or
more scores <25 percentile. This pattern of performance occurs in 13.4% of the normative
sample, 45.4% of those with complicated mild or moderate TBIs, and 53.4% of those with
severe TBIs. In Table 6, we used the Crystallized composite score as a proxy for pre-injury
Crystallized abilities. Of course, obtained scores might be lower than pre-injury scores,
especially in people who have sustained severe TBIs. For example, a person with a severe
TBI who obtained a Crystallized Composite score of 57 would have been included in the
analyses based on the criterion for the group with scores between 50 and 57, when in fact
this person's pre-injury Crystallized Composite might easily have been 58 or greater. Thus,
for people who were on the border of an ability classification range, applying these criteria
likely resulted in an under-estimation of the true rate of cognitive impairment. Research is
needed to determine if a small upward adjustment in obtained Crystallized composite scores
improves the diagnostic accuracy of these algorithms in people with neurological disorders,
such as severe TBI.

The present study has several limitations. All participants were assessed at a single point in
time. Neuropsychological functioning after TBI is dynamic, with a general trajectory for
gradual improvement. Longitudinal research is needed to examine diagnostic accuracy of the
NIHTB-CB during periods of neurologic recovery after TBI. The present study did not
include individuals with the mildest forms of TBI, such as those who are discharged from an
Emergency Department, without admission to inpatient rehabilitation. It would have been
advantageous to include a control group with traumatic injuries to regions other than the
head. Stratifying participants on demographic variables and estimated premorbid cognitive
ability should have partly accounted for the pre-injury dissimilarities between uninjured
controls and people with TBI.
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In conclusion, the present study further supports the validity of the NIHTB-CB for assessing
cognition in people with post-acute mild-complicated to severe TBI. By referencing the
tables provided here, researchers and clinicians can apply the diagnostic accuracy properties
of NIHTB-CB to identify individual people with persistent cognitive impairment after TBI.
Rehabilitation psychologists emphasize the psychosocial assets and capabilities of people
with disabilities (Dunn, Ehde, & Wegener, 2016), and they promote a focus on individuals'
strengths and the importance of one's self-perception on the evaluation of attributes (Shontz
& Wright, 1980; Wright, 1972). Findings from this study inform rehabilitation
psychologists' practice by providing NIHTB-CB score interpretations that put low scores in
perspective.
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Impact

. The National Institutes of Health (NIH) Toolbox for the Assessment of
Neurological and Behavioral Function Cognition Battery is a computerized
neuropsychological screening battery that can be used as a brief, efficient, and
reliable cognitive assessment in clinical practice and research involving those
who have sustained traumatic brain injuries.

. The prevalence of low scores on this battery is associated with, or influenced
by, age, education, race, ethnicity, level of intelligence, and brain injury.

. The identification of cognitive impairment using this battery can be improved
by applying multivariate base rate analyses and algorithms.
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