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Abstract

This paper introduces a special series on validity studies of the Cognition Battery (CB) from the

U.S. National Institutes of Health Toolbox for the Assessment of Neurological and Behavioral

Function (NIHTB) (R. C. Gershon et al., 2013) in an adult sample. This first paper in the series

describes the sample, each of the seven instruments in the NIHTB-CB briefly, and the general

approach to data analysis. Data are provided on test-retest reliability and practice effects, and raw

scores (mean, standard deviation, range) are presented for each instrument and the gold standard

instruments used to measure construct validity. Accompanying papers provide details on each

instrument, including information about instrument development, psychometric properties, age

and education effects on performance, and convergent and discriminant construct validity. One

paper in the series is devoted to a factor analysis of the NIHTB-CB in adults and another describes

the psychometric properties of three composite scores derived from the individual measures

representing fluid and crystallized abilities and their combination. The NIHTB-CB is designed to
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provide a brief, comprehensive, common set of measures to allow comparisons among disparate

studies and to improve scientific communication.

Introduction

In 1990, the “Decade of the Brain” was a joint initiative of the U.S. Library of Congress and

the National Institute of Mental Health, focusing attention on human brain science and

diseases of the nervous system. In 2000, the American Psychological Association adopted

the moniker “The Decade of Behavior” to highlight mental diseases deserving of research

support to effect changes in public health policy over the following 10 years. Both of these

developments and a series of more recent initiatives supported in the U.S. by the National

Institutes of Health (NIH) have highlighted the importance of brain health and have

promoted an unprecedented era of research on mechanisms and treatment of central nervous

system disorders. Although there have been initiatives around the globe to design common

measures for research studies, to our knowledge the NIH Toolbox for the Assessment of

Neurological and Behavioral Function (NIHTB) is the first initiative that is not directed at a

specific disease, age group, or arena of use (e.g., school, hospital clinic). Instead, the NIHTB

was conceived as a tool to measure neurological functions that would span different

disciplines, apply to diverse research questions, and measure a broad range of ability across

the lifespan from three to 85 years of age.

The importance of cognitive health and the impact of cognitive functioning on a wide range

of behaviors and study outcomes has been made increasingly clear by growing knowledge of

the effects of disease and of aging on brain health. Cognitive decline with aging, itself a

looming challenge for the health care system in the U.S. (Brookmeyer, Gray, & Kawas,

1998), also could introduce a “hidden variable” into studies that are not measuring cognition

as a potential modulator of outcome. For example, research results from a study of the

impact of interventions to improve health literacy in older adults could be invalidated if

cognition is not measured, since different aspects of health literacy are dependent on distinct

components of cognition (Wolf et al., 2012).

Information about the late effects of traumatic brain injury, especially in the sports world

(Erlanger, Kutner, Barth, & Barnes, 1999), has made us more aware of the potential

cumulative influence of such adverse events on the brain in development and aging (McKee

et al., 2009). Early lifestyle choices, such as maintaining a healthy level of physical activity,

can influence the emergence and rate of cognitive decline in one's later years (Barnes &

Yaffe, 2011). Health practices throughout life, such as estrogen replacement therapy in

postmenopausal women, also may influence later development of cognitive dysfunction

(Shao et al., 2012). Congenital or early-acquired brain disease typically has an impact on

cognitive development that influences subsequent achievement in the school years and

beyond (Anderson, Catroppa, Morse, Haritou, & Rosenfeld, 2005). As a result, increasing

attention has been devoted to the study of clinical conditions that affect cognition and

cognitive development, the effects of early and late brain injury on subsequent development,

and the cognitive changes associated with normal and abnormal brain aging. Finally, there is
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increasing focus on interventions that may successfully treat or reverse neurological diseases

that cause cognitive impairment.

The NIHTB was designed to provide a common currency, or set of common data elements,

among disparate studies using standard methodology so that differences in the outcomes of

these studies would be less likely to be a result of differences in the test instruments used. It

contains four modules, each addressing a different domain of neurologic/behavioral

function: Cognition, Emotion, Motor and Sensory Function (see www.nihtoolbox.org). By

using measures that offer a continuous scoring model from ages 3-85, the NIHTB allows for

protracted longitudinal study across the life span. The development of the NIH Toolbox was

conducted through the collaborative framework of the U.S. NIH Blueprint for Neuroscience

Research initiative. Sixteen Institutes, centers and offices of the NIH support this initiative

for neuroscience research to accelerate discoveries and reduce the burden of nervous system

disorders. General methods applied to the development of measures in all four major

domains are detailed in a separate series of papers introducing the full NIHTB (Coldwell et

al., 2013; Cook et al., 2013; Dalton et al., 2013; Dunn et al., 2013; R. C. Gershon et al.,

2013; Hodes, Insel, Landis, & Research, 2013; Nowinski, Victorson, Debb, & Gershon,

2013; Reuben et al., 2013; Rine et al., 2013; Salsman et al., 2013, 2013, in press; Salthouse,

1976; Varma, McKean-Cowdin, Vitale, Slotkin, & Hays, 2013; Victorson et al., 2013;

Weintraub, Dikmen, et al., 2013; Zecker et al., 2013). The NIHTB Cognition Battery

(NIHTB-CB) is the focus of the present series.

The present set of papers is the third in a series of publications that include the NIHTB-CB.

The first publication introduced the Cognition Battery along with the other four modules of

the NIHTB and provided an overview and summary data from the entire validation sample,

children and adults (Weintraub, Dikmen, et al., 2013). The second set of publications was in

the form of a monograph focusing solely on the validation study in the pediatric sample of

participants from 3-15 years of age (Akshoomoff et al., 2013; P. J. Bauer & Zelazo, 2013;

Carlozzi, Tulsky, Kail, & Beaumont, 2013; Fox, 2013; R.C. Gershon et al., 2013; Mungas et

al., 2013; Tulsky et al., 2013; Weintraub, Bauer, et al., 2013; Zelazo et al., 2013). The

present series of papers concentrates on the validation study completed in adults from 20-85

years of age. It builds on prior publications but provides more detailed description of the

instruments, on the adaptations needed to make tests originally designed for children

applicable to an adult sample, and on test administration, scoring procedures, and construct

validity, as well as test-retest reliability. Factor structure and age and other demographic

effects on performance in adults also constitute novel information. Data have not been

previously reported to the degree of detail employed here.

To date, the NIHTB-CB has been validated as a research test battery and not for clinical use,

nor would it substitute for a comprehensive clinical neuropsychological examination of

patients with neurobehavioral symptoms and disorders. It has several potential applications

in clinical research and in longitudinal, large-scale epidemiologic studies where there is the

need for brief instruments that tap different cognitive constructs within a very large age

range and without showing floor or ceiling effects. The NIHTB-CB can be an add-on in

studies in which cognition is being tested with more specialized instruments. In that

instance, it would allow comparisons with other studies also using the NIHTB-CB.
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Furthermore, it can serve in studies in which cognition is not a targeted outcome, but in

which a measure of cognition might be useful as a covariate, for example, to address the

potentially “hidden” cognitive variables that could affect outcomes and have an impact on

tailoring or personalizing treatment.

General Methods

Development of the Cognition Battery

The NIH Toolbox project team specified the following criteria for all four major domains: 1)

brevity (approximately 30 minutes); 2) applicability across a broad age spectrum from 3-85

years; 3) sensitivity to the full range of normal functioning (minimal ceiling and floor effects

across the adult age span); 4) comprehensiveness, covering four to six relevant subdomains;

5) state-of-the art assessment methods; and 6) absence of proprietary restrictions or costs,

with limited initial equipment cost for users.

Subdomains were identified by surveying and interviewing research and clinical experts in

the neurological and neuropsychological fields of cognition in adults and children [for more

details about this process across all domains, see (Nowinski et al., 2013)]. Based on an

initial survey of 102 cognition experts, 95% endorsed Executive Function among their top

four domains to include in a battery of cognitive tests and followed by 93% for Episodic

Memory, 55% for Language, 52% for Processing Speed (by 52%), and 50% for Attention.

Many (57%) also listed a “Global Score” as desirable. Some cognitive subdomains (e.g.,

spatial cognition) were excluded due to their lower priority in the rankings and the need to

limit the time for the entire battery. The selection of constructs within subdomains was

based on reviews of the literature to identify those that have relevance for success in school

and work, sensitivity to brain dysfunction as well as to growth in childhood and decline in

aging, continuity across different age groups and well-established principles linking the

construct with underlying neuroanatomical structure and function. Each accompanying

paper provides the rationale for domain and construct selection.

An initial step in designing the NIHTB-CB was to collect existing instruments that tap each

of the targeted constructs and to evaluate each against a list of “desirability” criteria. These

criteria included: coverage of a broad age range (early childhood to late adulthood); brief

administration time; availability in the public domain without proprietary restrictions or

costs; availability of reliability and validity data; and representation of the domains that had

been selected to test with the NIHTB-CB. After reviewing the assembled library of close to

200 instruments and batteries, however, we learned that the majority did not meet a

combination of most of these criteria. As a result, the decision was made to create novel

instruments and to validate them against existing “gold standard” measures for construct

validity.

The need to create a “state-of-the art” instrument led to choosing a computer platform for

administration of the NIHTB-CB rather than a paper-and-pencil format. Caution has been

recommended in the use of computerized cognitive testing due to various sources of error,

including the combination of hardware and software devices used, equipment timing issues,

the operating system, and others [for a thorough review of these issues, see (Cernich,
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Reeves, Sun, & Bleiberg, 2007)]. However, the advantages of greater control over stimulus

presentation and response recording than is possible with human examiners, ease of data

recording, and the capacity for automated scoring and simultaneous normative

transformations were deemed to outweigh some of the negatives. In addition, computerized

measures can be more conveniently adapted than standard paper-and-pencil measures for

future modifications based on new scientific developments and needs, and on improvements

in hardware and software technology.

A total of seven instruments was created for the NIHTB-CB: Flanker Inhibitory Control and

Attention Test, Dimensional Change Card Sort Test, List Sorting Test, Pattern Comparison

Processing Speed Test, Picture Sequence Memory Test, Picture Vocabulary Test, and Oral

Reading Test. Table 1 contains brief descriptions of the NIHTB-CB tests, including test

administration time, and scores derived from each. It should be noted that administration

times are approximate and that the norming version has been adapted to remain within the

originally intended 30-minute duration.

Since Executive Function (EF) was the most highly endorsed cognitive subdomain by the

consulted experts and, because this subdomain itself contains several distinct sub-factors

(Miyake et al., 2000), more than one EF test was considered justified. Thus, separate

measures were designed to test inhibitory visual attention based on a flanker-type task (Fan,

McCandliss, Sommer, Raz, & Posner, 2002) (the NIHTB Flanker Inhibitory Control and

Attention Test) and set shifting based on a card sorting paradigm (Zelazo, 2006) (NIHTB

Dimensional Change Card Sort Test.) Working memory, often considered another

component of EF, was treated as a separate subdomain for the purposes of the NIHTB-CB

because of its dual service in executive control and episodic memory [see (Cabeza, Dolcos,

Graham, & Nyberg, 2002)]. The NIHTB List Sorting Working Memory Test was designed

based on a paradigm emphasizing both holding and manipulation components of working

memory and previously studied in English and Spanish-speaking older adults (Mungas,

Reed, Marshall, & Gonzalez, 2000; Mungas, Reed, Crane, M.Z., & González, 2004).

Two language constructs were tested. The first, auditory comprehension of single word

vocabulary, was based on a task requiring multiple-choice identification of items that match

spoken single words (NIHTB Picture Vocabulary Test). The second, oral word reading, was

based on oral letter and word pronunciation (NIHTB Oral Reading Recognition Test.) The

language tests were administered according to a model of computer adaptive testing (CAT)

and scored using item response theory (IRT), which allowed for a short administration time

(Gershon, 2005).

Episodic memory was tested using the NIHTB Picture Sequence Memory Test. This test

requires participants to observe a spatial sequence of pictures, placed one at a time on the

computer screen, of individuals performing acts (e.g., planting, raking) with a related theme

(e.g., gardening) but with no intrinsic temporal sequence. When the sequence is completed,

the cards are “assembled” in the center of the screen and the participant must reproduce (or

“imitate”) the demonstrated sequence. Finally, processing speed, a factor that has a broad

influence on many types of cognitive tasks, was measured with the NIHTB Pattern
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Comparison Processing Speed Test. This instrument measures speed of responses (same or

different) to pairs of stimuli within a finite period of time.

Some tests were based on existing paradigms in the neuropsychological and cognitive

neuroscience literature, including the NIHTB Flanker Attention Test (Fan et al., 2002) and

the NIHTB Pattern Comparison Processing Speed Test, based on the work of Salthouse and

colleagues (Salthouse, 1992). Another strategy employed in test design was to adapt

measures created in the pediatric arena for use with adults, since few measures exist that

cover the broad age spectrum for the NIHTB-CB. Thus, the Dimensional Change Card Sort

(DCCS) Test (Zelazo, 2006), designed to assess set shifting in three-year olds, was adapted

for use in adults. To assess episodic memory, “Elicited Imitation” of a sequence of events,

also referred to as “Imitation-Based Assessment of Memory” (P.J. Bauer, 2007), a technique

designed to assess learning and retention in infants (Lechuga, Marcos-Ruiz, & Bauer, 2001;

Lukowski, Garcia, & Bauer, 2011), was adapted as the NIHTB Picture Sequence Memory

Test for computer administration and for use with older children and adults.

Gold standard measures were identified from standardized published neuropsychological

tests and matched to the extent possible to the constructs measured to the NIHTB-CB tests

on the basis of consensus from the cognition domain team. For example, the Picture

Sequence Memory Test assesses verbally mediated and visual episodic memory across

learning trials. Thus, the gold standard selected for comparison consisted of the average

score from two episodic memory tests with learning trials, one nonverbal and the other

verbal, namely, the Brief Visuospatial Memory Test-Revised (Benedict, 1997) and the Rey

Auditory Verbal Learning Test (RAVLT) (Rey, 1958), respectively. Table 2 lists the gold

standard tests identified for each NIHTB-CB instrument along with the scores used in

analyses. The rationale for the selection of each is described in greater detail in each of the

accompanying papers.

Early on, it was decided to require an examiner to administer the tests to assure compliance,

especially in the youngest and oldest subjects, and whenever the NIHTB-CB is used to

assess individuals or groups who may require monitoring and/or assistance in understanding

and following standard instructions. A test manual was constructed with instructions for

administration. An examiner training module is available on the NIH Toolbox

website(http://www.nihtoolbox.org/HowDoI/HowToAdministerTheToolbox/Training

%20Manuals/NIH%20Toolbox%20Training%20Manual-English%209-25-12.pdf).

Test development was completed in stages. For each measure, a prototype instrument was

designed and piloted and a Beta-1 version was subsequently created. The Beta-1 version was

piloted in ten 3-year-olds and 11 young adults to identify any significant flaws and was then

revised (Beta-2). The Beta-2 version went through three additional adjustments, each based

on testing with similarly small groups, to adjust factors such as size and clarity of stimuli

and number of trials to be administered in each subtest to assure brevity. The resulting

Beta-3 version was then piloted on 123 individuals to determine if the measures were

broadly sensitive to age. Based on that experience, further adjustments were made and

Beta-4 was piloted on 146 individuals, who also were administered a number of well-

validated measures of the same construct in an initial attempt to gauge construct validity.
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The participants in all four Beta versions of the instruments came largely from convenience

samples at each participating site and did not participate in the present validation study.

Based on the results of the Beta-4 test, a final revision (Validation NIHTB-CB) was used in

the study reported here.

Validation Study

Participants—Adult participants were recruited from 4 testing sites: 25 at NorthShore

University Health System in Evanston, IL, 84 at the Northwestern Cognitive Neurology and

Alzheimer's Disease Center (CNADC) in Chicago, IL, 92 at New Jersey's Kessler

Foundation Research Center in West Orange, NJ, and 67 at the University of Washington in

Seattle, WA. The younger participants in the sample (ages 20-60) were recruited with the

use of flyers in the communities of each contributing institution. Although advertisements

indicated the need for healthy individuals, participants were not screened prior to

recruitment. Of the 109 participants 65 and older, the group most at risk for cognitive

decline/dementia, 62 were recruited from among a pool of known cognitively healthy

volunteers participating in the Clinical Core registry of the NIA-funded CNADC and the rest

from the community via flyers. The lack of objective cognitive screening may have resulted

in inclusion of individuals, particularly those from the community, with some cognitive

impairment. However, the NIHTB-CB was intended to cover the full normal distribution of

ability and a subsequent examination of floor and ceiling effects (see Results) did not

suggest skewing of the older sample with respect to cognitive impairment.

It should be noted that there are gaps in the ages sampled for the validation study. Thus,

results showing test scores by age in each accompanying paper are graphed for age bands

that differ in the number of years encompassed by each. We had previously determined that

a total sample size of 400-500 participants (children and adults) would be required for the

validation study, and decided to focus on age bands where there was evidence for significant

developmental differences from childhood through old age. Therefore, for the validation

study, we oversampled on both ends of the age spectrum. For the adult sample, this resulted

in oversampling the age range from 65 to 85 years. We did not recruit participants aged 36

to 39 and 61 to 64 years. In the Results, below, Figure 2 shows the distribution of the sample

across different age bands. For the normative study, to be reported in future publications, the

full age range was covered.

Self-report questionnaires were collected from participants to provide information on current

health status, family income, and employment status.

A subset of 89 participants (33% of the sample) was retested 7 to 21 days later (Mean= 15.5

days, SD=4.8) to assess test-retest reliability and practice effects. Informed consent was

obtained from all participants via a protocol approved by the institutional review boards at

the respective institutions.

Equipment—The validation study was conducted with the use of a Windows 7 laptop,

facing the examiner, connected to a 19” touch-screen external monitor with1440 × 900

resolution, facing the participant. It is planned to continue upgrading software to run on

current versions of Windows and Internet Explorer into the future (including Windows 8+).
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Extensive user directions have been provided to ensure that the computer is set up correctly.

The following website links can be accessed for hardware requirements and technical

details: (http://www.nihtoolbox.org/WhatAndWhy/Technology%20Support%20Documents/

Intro%20to%20Computer%20and%20Special%20Equipment-revisions%208-5-13.pdf)

(http://www.nihtoolbox.org/HowDoI/TechnicalManual/CognitionTechnicalManuals/Pages/

default.aspx). The tests were designed to minimize the likelihood that the use of computers

could introduce unwanted variance. For example, for the few tests where exact item level

timing is important to assess a given trait, we utilized the hardwired keyboard itself as an

entry device in order to not be subject to the same delays often encountered when utilizing

differing types of mice or other connected peripherals. Variability in item display timing

(which is often subject to differences in hardware quality or background software programs

such as virus checkers) was removed as an element in test level timing—the software turns

off the test timer during the period of time required to display a test item, and it is only

turned back on when the display is complete. A new feature to check for browser

compatibility will be introduced later this year.

The participant and examiner sat perpendicular to one another at a table, with the examiner

facing the laptop (Figure 1). The examiner controlled the initiation of each test via the

laptop. The examiner's laptop also served to display correct responses for the NIHTB Oral

Reading Test and a space to record if the oral reading responses were correct or not.

Examiners had been previously trained on the correct pronunciation of the reading items

with the use of audio training CDs. The examiner also entered the responses for the NIHTB-

CB List Sorting Test. Responses to all other NIHTB-CB subtests were entered by the

examinee and recorded automatically by the computer.

Data and Analysis

Analyses used unadjusted scaled scores for both the NIHTB and “gold standard” tests.

Scaled scores were created by first ranking the raw scores, next applying a normative

transformation to the ranks to create a standard normal distribution, and finally rescaling the

distribution to have a mean of 10 and a standard deviation of 3. These scaled scores were not

age-adjusted.

In the remaining papers a variety of data analysis methods and statistics are used to report

results. Pearson correlation coefficients between age and test performance were calculated to

assess the ability of the NIHTB-CB tests to detect age-related cognitive decline during

adulthood. Intraclass correlation coefficients (ICC) with 95% confidence intervals were

calculated to evaluate test-retest reliability. Across measures, ICC less than 0.40 was

considered poor test-retest reliability, 0.40 - 0.75 adequate, and 0.75 or greater was good to

very good. Practice effects were evaluated using paired t-tests and effect sizes (mean change

from time 1 to time 2 / SD of Time 1) were calculated as a standardized estimate of the

mean change. This method for deriving Cohen's d statistic (Cohen, 1992) has been used in

studies of test-retest reliability in standardized neuropsychological batteries (Dikmen,

Heaton, Grant, & Temkin, 1999; Duff et al., 2005). Convergent validity was assessed with

Pearson correlation coefficients between the NIHTB-CB measure and a well-established

“gold standard” measure of the same construct. Convergent and discriminant validity results
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are reported in the accompanying papers for each measure and not contained in the present

paper. Across measures, correlations less than 0.3 were considered poor, 0.3 – 0.6 adequate,

and 0.6 or greater were good to very good evidence of convergent validity, based on

recommendations made by Andresen (Andresen, 2000). Evidence of discriminant validity

consisted of lower correlations with selected “gold standard” measures of a different

cognitive construct.

Analyses of variance (ANOVA) were performed to examine other demographic associations

with performance, adjusted for age and other relevant covariates. Group comparisons were

then performed using general linear models to examine other demographic associations with

performance, adjusted for age, gender, and education, where appropriate.

Floor and ceiling effects represented by the percent of participants scoring at the minimum

or maximum possible score are also reported.

Results

The main results for the validation study are divided among the remaining papers in this

series in detail. In this section, we describe demographics of the sample, test-retest

reliability, practice effects and floor and ceiling effects across the entire adult sample, for

each instrument.

A total of 268 adults, ranging in age from 20 to 85 years, were recruited: 149 females and

119 males (Table 3). Race/ethnicity composition of the sample was 148 Caucasian [non-

Hispanic White], 75 African American, 38 Hispanic, and seven multiracial (excluded from

subsequent ethnicity comparisons). Mean age (SD) was 52.3 (21.0) years, and mean

education (SD) was 13.4 (2.9) years. Education was categorized as less than high school

graduate (25% of the sample), high school graduate or some college (37%), and Bachelor's

degree or higher (38%).

The following indicates the percentage of individuals falling into each of five levels of

family income: < $20,000 [18%], $20,000 to $39,999 [24%], $40,000 to $74,999 [29%],

$75,000 to $99,999 [12%], and ≥ $100,000 [13%]; 4% “don't know” or refused. Current

health status was self-reported by participants as Excellent (24% of participants), Very Good

(41%), Good (26%), or Fair to Poor (9%). Current employment status categories were

designated “Employed for wages or Self-employed” (44% of participants), “Retired” (31%),

“Out of work” (12%), or “Other” (e.g., homemaker or student) (13%).

Figure 2 illustrates the number of individuals in the adult sample, at each age band that

participated in the validation study and for whom data are reported in each of the

accompanying papers. It should be noted that in the normative study, the age gaps are fully

covered.

Test-retest reliability was comparable to published results obtained for the gold standard

measures. Table 4 shows the ICC's for test-retest reliability for the NIHTB-CB tests. Values

ranged from 0.73 to 0.90. Table 4 also shows effect sizes for the practice effects for each

NIHTB-CB test and for the gold standard measures administered. Effect sizes ranged from
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0.08 on the NIHTB-CB Vocabulary test to 0.42 on the Picture Sequence Memory Test.

These values are quite comparable to the effect sizes obtained for practice effects in each of

the gold standard measures. The language measures are administered via CAT methods and

thus participants may be exposed to a different set of items from one administration to

another, significantly reducing the practice effect.

Table 5 shows the mean raw scores for each NIHTB-CB instrument and gold standard

measure and unadjusted scale scores for composite measures derived from one or more

subtests. The medians and ranges also are provided to assist in evaluating the range of

ability covered in this adult sample. A small ceiling effect was observed for NIHTB Picture

Sequence Memory Test with 2.6% achieving the maximum score possible (see Table 5). All

were in their 20's or 30's with the exception of one 59-year-old. Two people, both in their

early 30's, obtained the maximum possible score for NIHTB Flanker Attention and List

Sorting Tests. Two participants, both age 65 or older, scored the lowest possible score for

the NIHTB Picture Sequence Memory Test.

Summary

The results reported in this paper for the NIHTB-CB validation study in adults from 20-65

years of age shows that the instruments have good test-retest reliability over a relatively

short interval of time; that practice effects are consistent with those reported in the literature

for similar instruments; and that there are minimal floor and ceiling effects for the age range

studied. These properties are encouraging for its use in research studies, particularly those

that will require measurement over multiple time points and longitudinal follow up from

young to advanced adulthood.

Series Outline

Each accompanying paper in this series is dedicated to a different aspect of the validation

project. One paper reports the results of the confirmatory factor analysis of the validation

study in adults (Mungas, et al., this issue). Another describes the derivation of NIHTB-CB

“Fluid”, “Crystallized” and “Total” composite scores for adults, their psychometric

properties, including the effects on these scores of reported health status, associations with

prior school difficulties and current employment status, and the demographic variables of

sex, education and age (Heaton et al., this issue). The remaining papers each address a single

subdomain and review in detail the rationale for its selection; the specific construct

identified for testing within the subdomain; the evidence linking the domain/construct to

brain functioning; the importance of that domain/construct for health, and everyday

functioning; and the design of the instruments, including adaptations to enable testing across

the age spectrum from three to 85 years (Tulsky et al., this issue; Carlozzi et al., this issue;

Gershon et al., this issue; Zelazo et al., this issue; Dikmen et al., this issue.)

Future Directions

The validation study led to further refinements of the NIHTB-CB instruments, including

shifting from a computer touch screen to a keyboard button press mode of response.

Although initially attractive for its transparency to computer-naïve examinees, the touch

screen introduced an undesirable variable for reaction time tests, namely the added amount
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of time to move the entire hand to the screen. The final normative study used the button

press version of the NIHTB-CB on a large national census-matched sample (N = 4,700), and

a Spanish version was created (Beaumont et al., 2013) and normed on 750 individuals.

Results from the normative studies are being evaluated and will appear in future

publications.

A number of studies have already utilized the NIHTB-CB Validation Version. The

feasibility and validity of the NIHTB-CB have been evaluated in a cohort of patients with

Parkinson's disease with and without depression (PI: Mustafa M. Husain), in an acute neuro-

rehabilitation setting (PI: Victor Mark), and in patients with traumatic brain injury, spinal

cord injury, stroke (PI's: David Tulsky and Allen Heinemann), and HIV infection (PI:

Robert Heaton). Preliminary results suggest that it is feasible to use the NIHTB-CB with all

of these populations and that it is sensitive to brain dysfunction. The children's battery has

also been used to collect phenotypic information on children ages 3-21 who are enrolled in

the Pediatric Imaging, Neurocognition, and Genetics (PING) Study (PI: Terry Jernigan)

(Akshoomoff et al., 2014) and is also being used in the National Children's Study “Vanguard

Study” protocol for children ages 36 and 60 months and their parents.

The NIH has supported many multi-institute initiatives in the United States to facilitate

communication among researchers and comparisons among different studies focusing on

similar questions. The NIH Toolbox for Assessment of Neurological and Behavioral

Function represents one of these accomplishments, and is designed to serve as a common

currency for comparing and enriching broad types of research supported by the NIH. The

NIH Toolbox CB is a research tool to facilitate this goal.

The use of common instruments that cover the lifespan allows for information to be

collected efficiently on large numbers of research participants across the lifespan and to

leverage the research investment by permitting comparisons among disparate studies.

Detailed information on the NIHTB and how to obtain the cognitive, sensory, emotional and

motor modules is available on: www.nihtoolbox.org.
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Figure 1. Testing Arrangement
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Figure 2. Distribution of Adult Participants In the Validation Study by Age Band Sampled
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Table 2
Convergent and Discriminant Validity (“Gold Standard”) Measures For Ages 20-85

NIHTB-CB SUBDOMAIN NIH Toolbox Measure Convergent Validity Measure Discriminant Validity Measure

EXECUTIVE FUNCTION NIHTB Flanker Inhibitory
Control and Attention Test

WAIS-IV1 Letter-Number
Sequencing/Coding/Symbol Search *

D-KEFS2 Inhibition **

PPVT-43 **

NIHTB Dimensional Change
Card Sort Test

D-KEFS Inhibition ** PPVT-4 **

EPISODIC MEMORY NIHTB Picture Sequence
Memory Test

BVMT-R4/RAVLT5 * PPVT-4 **

WORKING MEMORY NIHTB List Sorting Test WAIS-IV Letter-Number
Sequencing*/ PASAT6 *

PPVT-4 **

PROCESSING SPEED NIHTB Pattern Comparison
Processing Speed Test

WAIS-IV Coding/Symbol Search * PPVT-4 **

LANGUAGE NIHTB Picture Vocabulary
Test

PPVT-4 ** BVMT-R/RAVLT *

NIHTB Oral Reading
Recognition Test

WRAT-47 Reading Test ** BVMT-R/RAVLT *

*
average of rescaled raw scores

**
raw score rescaled

1
Wechsler Adult Intelligence Scale – 4th Edition

2
Delis-Kaplan Executive Function System

3
Peabody Picture Vocabulary Test – 4th Edition

4
Brief Visuospatial Memory Test – Revised

5
Rey Auditory Verbal Learning Test

6
Paced Auditory Serial Addition Test

7
Wide Range Achievement Test – 4th Edition
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