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Many measures of neurological and behavioral health are available to assess changes in 

health and function over time. Typically, however, such measures are not incorporated into 

large-scale epidemiological studies and clinical trials because they are expensive, lengthy, 

limited to certain age groups or populations, or not easily administered (Gershon et al., 

2013). Including neurological and behavioral function measures in these large and expensive 

epidemiological studies could improve understanding of how neurological and behavioral 

health factors are related to diverse outcomes and do so cost-effectively and with minimal 

additional participant burden.

The NIH Toolbox for the Assessment of Neurological and Behavioral Function (NIH 

Toolbox; nihtoolbox.org) initiative was developed to identify, create when necessary, and 

validate measures in the broad domains of cognitive function, emotional health, motor 

function, and sensory function for use large-scale epidemiological studies (Gershon, et al., 

2010; Gershon, et al. 2013; Salsman, et al., 2013). Based on a multi-level process, involving 

content experts and potential end-users (Nowinski, Victorson, Debb, & Gershon, 2013), 

several subdomains were identified within each of these broad domains. For example, the 
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emotional health domain was comprised of four subdomains: Negative Affect, Positive 

Affect, Social Relationships, and Stress and Self-Efficacy subdomains, the latter of which is 

the focus of this paper. In this article we present the process through which Stress and Self-

Efficacy candidate measures were identified, evaluated, and selected for further norming and 

psychometric testing.

Conceptual Framework

Stress

The relevance of stress to disease and health has been demonstrated in both human and 

animal models (Cohen, Janicki-Deverts, & Miller, 2007; Segerstrom and Miller, 2004). For 

example, stress can hamper adherence to medication and other medical recommendations, 

and it can lead to increases in health-damaging behavior. Among individuals who are well, 

stress can have a direct impact on health through its effects on physiological and behavioral 

functioning. It is related to risk of developing cardiovascular diseases, immune dysfunction, 

and certain cancers, through increased autonomic nervous system activity, poor vagal tone, 

chronically elevated blood cortisol levels, and decreased immunocompetence (Antoni et al., 

2006; Cohen & Williamson, 1988; Raposa, Hammen, Brennan, O'Callaghan, & Najman, 

2014; Steptoe & Kivimaki, 2012).

Stress involves both environmental (events or experiences that are assumed to be stressors) 

and subjective factors (an individual’s perception of stress). For the purposes of this project, 

where developed measures may later be used to assess many diverse types of stressor, stress 

refers to the experience of psychosocial stress, or perceived stress. The subjective 

experience of psychological stress is influenced by the individual’s appraisal of the personal 

significance of a given event in relation to his or her values and goals and options and 

resources for controlling the outcome (Folkman, 1984). Psychological stress is experienced 

when an individual perceives environmental or internal demands that are personally 

threatening and exceed his or her perceived adaptive capacity (Cohen, Kessler, & Gordon, 

1997; Folkman, 2010; Lazarus & Folkman, 1984). Rather than focusing primarily on 

specific stressors, this definition focuses on a person’s perception of events or experiences 

that take into account both environmental factors and one’s perceived resources. 

Operationally, perceived stress can be measured by a person’s self-report of adaptive 

capacity overload.

Self-Efficacy

When an individual perceives stress, based on pre-existing beliefs, values, and goals, he or 

she evaluates the threat (primary appraisal) and judges how much influence or effect they 

can have (secondary appraisal). Secondary appraisal involves the extent to which one 

believes they can influence or affect their own internal states, their behavior, the 

environment, and/or desired outcomes (perceived control) (Lazarus & Folkman, 1984; 

Wallston, Wallston, Smith & Dobbins, 1987). An essential component in judging 

opportunities for personal control in a stressful situation is the evaluation of one’s self- 

efficacy with respect to implementing the required strategies (Bandura, 1997). Sometimes 

viewed as synonymous with behavioral control, as both refer to belief that one can perform a 
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behavior, self-efficacy relates more to one’s competence and to future behavior. Not a 

measure of the stress level itself, self-efficacy involves the belief that one is able to respond 

to demands of a stressful situation and it has both direct and indirect effects on health, 

including engaging in health-related behaviors (Schwarzer & Luszczynska, 2008).

Emotion regulation

Perceived stress and appraisal involve strong emotional reactions. Emotion regulation is a 

process by which a person can attempt to monitor and manage the experience and 

expression of their emotions and it can involve both conscious and unconscious processes 

(Gross & John, 2003). Difficulties in regulating emotions have been related to problems in 

psychological and physical functioning (Appleton, Buka, Loucks, Gilman, & Kubzansky, 

2013; Gross & Munoz, 1995; DeSteno, Gross & Kubzansky, 2013). Eisenberg et al. (1997) 

used the term “self-regulation” to include both regulation of internal states and emotion-

related behaviors. Coping can be considered under this classification when it involves efforts 

to decrease negative and increase positive emotions (and several coping measures include 

factors that involve emotion regulation), but it emphasizes primarily conscious processes as 

well as integration of cognitive and behavioral efforts (Folkman & Moskowitz, 2004). 

Despite the complexity involved in conceptualization and assessment, the study of emotion 

regulation can improve our understanding of how emotions can both help and hinder a 

person’s attempts to master stressful situations (Cole, Martin & Dennis, 2004).

Coping

The most comprehensive and frequently-cited definition of coping was formulated by 

Lazarus and Folkman (1984): “cognitive and behavioral efforts to manage specific external 

or internal demands (and conflicts between them) that are appraised as taxing or exceeding 

the resources of the person.” This definition emphasizes the importance of the context and 

the changing nature of coping in response to changes in the person-environment 

relationship. Operationally, coping can be measured as a person’s self-report of the 

strategies he/she used to manage stressful situations. Among individuals with acute or 

chronic diseases, coping is a key factor that can determine how well an individual 

conceptualizes and behaviorally manages a health condition, and ways of coping with stress 

can influence whether individuals cope in healthy or health-destructive ways (Carver & 

Vargas, 2011; Folkman, 2010).

Based on the procedures described below, perceived stress, self-efficacy, emotion regulation 

and coping were initially considered to be the most important subdomains upon which to 

build a Toolbox measurement strategy.

The development of the overall NIH Toolbox project is described in Gershon et al., (2010; 

2013) and the development of the Emotion domain is described in Salsman et al., 2013. The 

emotion domain was intended to include a wide spectrum of concepts related to emotion, 

including positive and negative emotion. Our process for identifying these subdomains was 

based on guidelines (Klem, Saghafi, Abromitis, Stover, Dew, & Pilkonis, 2009) and began 

with extensive literature reviews. An NIH Toolbox Request for Information (RFI) from 

experts in the field (Nowinski, et al., 2013) was followed by consultation with an 
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international group of content experts. These experts were identified through literature 

searches, the NIH CRISP database (now the NIH Research Portfolio Online Reporting 

Tools) or by nomination from a science office of one of the 12 institutes who were on the 

NIH Toolbox Project Team. Two hundred thirty-two experts were contacted, with a 64% 

response rate (N= 147). Of those, 61% whose response indicated expertise in emotional 

health received additional queries. Each respondent nominated four components of 

emotional health that would be most relevant for inclusion into the Toolbox. The criteria 

used for identifying the specific subdomains included relevance to health and disease, 

concurrence emerging from a series of interviews with content experts, and consultation 

with the emotional health domain team. Next, additional consultation with these experts was 

conducted to achieve consensus about essential subdomains. These considerations ultimately 

led to the development and refinement of conceptual definitions for the following emotional 

health sub-domains: negative affect, psychological well-being, stress & self-efficacy, and 

social relationships. Within each subdomain, variables considered to be essential were 

determined through additional consultation with experts, project staff and again, extensive 

literature reviews. In the Stress and Self-Efficacy domain, consensus was reached that the 

four relevant constructs identified were Perceived Stress, Self-Efficacy, Emotion 

Regulation, and Coping.

Method

Selection of Candidate Measures

Specialized teams were formed to focus on each of the sub-domains of emotional health and 

to develop criteria for evaluating existing measures that were potential candidates for 

inclusion in each subdomain. After achieving consensus on the inclusion of perceived stress, 

self-efficacy, emotion regulation, and coping, we sought recommendations for additional 

measures from experts and consultants and performed additional literature searches for 

measures to ensure content validity. A comprehensive literature search was conducted using 

the PubMed, PsycINFO, Buros Institute Test Reviews Online, Educational Testing Service, 

Patient-Reported Quality of Life Instrument Database (PROQOLID), Tests and Measures in 

the Social Sciences, and Health and Psychosocial Instruments (HAPI) databases to identify 

psychometrically-sound, free-for-use instruments. For the entire NIH Toolbox Emotional 

Health domain, 554 measures were identified, and of these, 127 were classified as potential 

measures of stress, self-efficacy, emotion regulation or coping. After review by project staff 

and emotion domain consultants, 44 measures were selected for further consideration based 

on criteria described earlier. For instruments with intellectual property restrictions that 

assessed the targeted areas, we contacted authors and/or publishers to request free-for-use 

status. We were granted permission to use 36 of those measures.

Criteria for selection in the initial phase included acceptable psychometric properties, 

including reliability, validity, availability of normative data, ability to use or be adapted 

across the lifespan, suitability for diverse populations, and versatility and portability in terms 

of types of studies (Gershon et al., 2013). In addition, because an objective of the NIH 

Toolbox was to characterize normative behavioral and neurological function, measures were 

excluded if they were developed and used primarily for identification or diagnosis of 
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psychopathology. Another factor leading to exclusion of a measure was the existence of 

intellectual property issues that prevented free use in future research. A final criterion was 

that measures for each of the emotional health domain had to be brief enough so that 

respondents could complete the total Emotion Domain battery within 30 minutes (Gershon, 

et al., 2010; Salsman et al., 2013). The resulting short list included six measures that 

assessed stressful events or perceived stress, 3 that assessed self-efficacy, 4 that assessed 

emotion regulation and 31 that assessed coping.

The NIH Toolbox goal was to develop constructs that could be assessed throughout the 

lifespan. Recognizing the challenges in pediatric assessment the Pediatric consultant 

subgroup provided guidance in measurement selection and administration (Victorson, et al., 

2013). We selected age-appropriate self-report items and measures for respondents ages 8 

years and above and supplemented these self-report measures with proxy reports from 

parents or other caregivers for respondents ages 8–12 years. Parents and caregivers provided 

proxy data for coping and emotion regulation for children ages 3–7 years, and these data 

were collected and analyzed for initial calibration and validation. However, given the 

limited development of cognitive and emotional abilities for children ages 3–7 years and the 

inherent difficulty for parents or other caregivers to speculate on their children’s perceptions 

of stress and self-efficacy, we did not assess these concepts for this age group. With further 

review of the short list, the expert panels, consultants and project staff selected the following 

measures to be included and assessed further for this subdomain.

Perceived stress—For the subdomain of perceived stress, The Perceived Stress Scale 

(PSS) (Cohen, Kessler & Gordon, 1995) was selected. The 14-item Likert format was 

administered. This scale is the most frequently used measure of a person’s subjective 

experience of stress, including studies of health and quality of life, and has excellent 

reliability and validity (Cohen & Williamson, 1988, Monroe, 2008).

Self-Efficacy—The General Self-Efficacy Scale (GSES; Schwarzer & Jerusalem, 1995) 

scale was identified to measure general self-efficacy. It measures personal competence to 

deal effectively with a variety of stressful situations (Schwarzer & Luszczynska, 2008). It is 

a 10 item Likert scale and has excellent reliability, stability, and validity, and has been used 

in numerous studies related to health-related stress and behavior (Lusczynska, Gutierrez-

Doña, & Schwarzer, 2005).

Emotion Regulation—Two scales of emotion regulation were also included in the initial 

calibration analyses. The Emotion Control Factor of the How I Feel measure (Walden, 

Harris, & Catron, 2003) is a 10-item scale that has established good reliability and validity. 

Three scales of the Children’s Behavior Questionnaire (Low Intensity Pleasure, Inhibitory 

Control, and Soothability) were also included. The CBQ is a widely used measure of child 

development and behavior and has excellent psychometric properties ((Rothbart, Ahadi, 

Hershey, & Fisher, 2001).

Coping—Initial analyses were also conducted on several coping scales. The Ways of 

Coping Questionnaire (Folkman & Lazarus, 1988) is arguably the most widely used scale of 

coping strategies for adolescents and adults. It is a 50-item Likert scale with 8 empirically 
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derived factors. Another widely used scale of coping strategies is the Brief Cope (Carver, 

1997), a 28 item scale with 14 2-item subscales with good psychometrics. For children and 

adolescents, two scales were initially considered: The Kidcope (Spirito, Stark & Williams, 

1988), comprised of 10 items representing coping strategies and the Coping Scale for 

Children and Youth (CSCY) (Brodzinsky et al., 1992) comprised of 29 items with good 

psychometric properties.

As part of the NIH Toolbox project, all items were also reviewed by expert panels to 

identify and address potential issues related to assessment in special subgroups. Items were 

reviewed for relevance and use by older respondents (Geriatric Working Group), for cultural 

sensitivity and conceptual appropriateness across cultural groups (Cultural Working Group) 

and for Spanish translatability in the future (Spanish Language Working Group). These 

working groups reviewed all self-report items, identified potential administration 

difficulties, and, when necessary, offered alternative phrasing. For example, for adult 

measures, some items were revised so that the vocabulary was at or below a 6th grade 

reading level (for child self-reports, we used measures that were developed and validated 

specifically for this population). Victorson et al. (2013) provides further details of the 

working group review processes.

Sample/Participants

Initial testing of the identified measures was conducted by an internet survey company, 

Toluna (formerly Greenfield Online, http://www.greenfield.com). To recruit participants, 

Toluna sent email invitations to potential participants from their databases. Potential 

participants completed a rigorous screening process to determine their eligibility, which 

included validation of their internet protocol addresses to ensure that they were not 

fraudulently participating in surveys.. In agreeing to be participants in the Greenfield/Toluna 

online panels, participants had completed consent forms that applied to all future studies. 

Individual studies were explained to them in writing online. Consent was then assumed if 

they agreed to complete the measures. For the Toolbox studies all data were de-identified 

before being sent for instrument calibration and validation. In addition, all work in the study 

was approved by the Northwestern University Institutional Review Board. Following the 

initial screen, respondents completed a demographic survey, as well as the NIH Toolbox 

measures in the Emotion Domain. All participants who completed the survey were eligible 

for prize or incentive-based compensation through Toluna. Procedures for survey data 

quality control are described in detail at http://www.toluna-group.com/toluna-difference/

data-quality/.

Five community-dwelling internet panel samples were recruited for the initial wave of 

testing (Total N=3,175). Subjects were drawn from the United States general population, 

and identified and recruited by Toluna,. These five samples were recruited based on age and 

consisted of adults aged 18 years and above (N= 1111), adolescents aged 13–17 years 

(N=512), and children aged 8–12 years (N= 513) for self-report forms; and children aged 8–

12 years (N= 539) and children aged 3–7 years (N= 500) for parent/guardian proxy forms. 

Demographics for the five samples are provided in Table 1. This was a purposive sample 

designed with recruitment quotas for age, gender, and education. For calibration testing, an 
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internet panel was used to obtain a sufficient number of responses at each level, i.e. response 

option for all individual items.

Approach to data analyses – Initial Calibration Study

We collected self-report data in three different age groups, including 8–12, 13–17, and 18 

years or older. In addition, we collected proxy-report data for 8–12 year-olds. Separate 

analyses were carried out for each of these groups. For sets of items that composed a single 

scale or subscale, we first examined their psychometric properties based on classical 

psychometric theory by examining Cronbach’s alpha and corrected item-total correlations. 

We then used confirmatory factor analysis (CFA) to determine whether a one-factor model 

fit well, using cutoffs to guide to model interpretation. In cases for which we were unsure 

about dimensionality, we used CFA to verify known factor structures, and to examine the 

dimensionality of the various measures. In some cases where factor structures were 

unknown or not well-established, we relied on exploratory factor analyses.

For our CFAs, we assessed model fit using the comparative fit index (CFI) (Bentler, 1990; 

Hu & Bentler, 1999) and the root mean square error of approximation (RMSEA) (Browne, 

Cudeck, Bollen, & Long, 1993) to assess the fit of each model. We sought models with CFI 

>= .95 and RMSEA < .06, as suggested by Hu and Bentler (1999). We did not necessarily 

reject models outright if certain fit indices were slightly outside cutoffs (for a discussion of 

the use of cutoffs for fit indices, see Marsh, Hau, & Wen, 2004), and in some cases we 

accepted models for which RMSEA was below .10. We also examined differential item 

functioning (DIF), which determines whether an item has different psychometric 

characteristics in different groups. For each measure, we split the samples into two groups 

based on age (< 50 years-old vs. >= 50 years-old), gender, and education (one or more years 

of college vs. otherwise). For pediatric samples, we only compared participants on gender. 

We then examined each item across these groups using lordif – an algorithm developed by 

Choi, Gibbons, and Crane (2011) and implemented in the R statistical environment (see 

http://www.r-project.org/). Our DIF analyses flagged items using a criterion of pseudo-R2 

> .10 where a value of .20 corresponds to a small effect size.

Item response theory, which focuses on the relationship between performance on an item 

and a construct of interest, (Embretson & Reise, 2000; Hambleton, Swaminathan, & Rogers, 

1991), was used to calibrate items on some of the measures in other emotional health 

subdomains of the NIH Toolbox. Because measures in this subdomain had sufficient 

psychometric properties, item response theory was not recommended for scoring because 

using the measures “as is” would allow for continuity with the extant literature. In the results 

that follow, information on the reliability and dimensionality of each measure is presented. 

We also present cases in which our analyses suggest concerns about, or modifications to, the 

measure.
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Results

Perceived Stress

Across all age groups, internal consistency reliability was good for the Perceived Stress 

Scale (PSS) as indicated by Cronbach’s alpha (see Table 2). One item (item #12) had low 

corrected item-total correlations across all groups: “In the last month, how often have you 

found yourself thinking about things that you have to accomplish?” In the adult sample, a 

one-factor model did not fit the PSS well, CFI = 0.88, RMSEA = .19. Because the PSS has 

some reversed-scored items, we suspected the presence of scoring factors, so we refit the 

model using a bi-factor approach (Holzinger & Swineford, 1937), in which one general 

factor is included along with one or more group factors to model local dependence. For the 

PSS, we included one group factor for all positively keyed items and another group factor 

for reverse-keyed items; this model achieved good fit for the PSS (see Table 2).

Analyses of children’s data yielded similar results. Cronbach’s alpha was .89 for 13–17 

year-olds, .87 for 8–12 year-olds, and 0.87 for a proxy-report version of the PSS for 8–12 

year-olds. Item #12 had a low item-total correlation in all three pediatric samples. 

Otherwise, the bi-factor model using scoring factors fit well in all three samples (see Table 

3). The PSS was not administered to children below age 8 years. The scale authors (Cohen 

& Williamson, 1988) had also found a low factor loading for Item 12, as well as three other 

items and reduced the items to 10 (the PSS10). Their psychometric analyses found reliability 

and validity to be equivalent to the PSS14. After this analysis, we decided to recommend the 

PSS10 for the Toolbox.

Self-Efficacy

As shown in Table 3, the General Self Efficacy Scale (GSES) had high internal consistency 

for ages 8–12 years (for both self- and proxy-report), 13–17 years, and 18 years and older. 

One item had a low corrected item-total correlation (.16) in 8–12 year-olds: “If someone 

tries to keep me from getting what I want, I can find a way to get what I want.” For the rest 

of the items, corrected item-total correlations were greater than .33 across all of the samples.

Our first attempt to fit a one-factor model was unsuccessful; CFI = .97 was acceptable, but 

RMSEA was >.10. A modification index indicated a residual dependency between two items 

with similar content (see Table 3), so the model was refit to account for it. This addition to 

the model resulted in a good-fitting one-factor model (see Table 4). This model also had 

good fit indices for adolescents, ages 8–12 years (self- and proxy report) and 13–17 years of 

age.

Emotion Regulation and Coping Scales—The Kidcope, CSCY, How I Feel-EC, 

Ways of Coping, Brief COPE, and CBQ had good reliability and validity according to 

classic psychometric analyses, but could not be fitted to a unidimensional CFA model. 

Given the criteria for NIH Toolbox selection, as well the results of these analyses, none of 

these scales were able to be included as Toolbox measures. One main reason was the lack of 

a single outcome score, as most were multidimensional measures and resulted in being too 

lengthy for inclusion. These measures have good psychometric properties, and, although 
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they were not included as Toolbox measures, they remain useful measures of the constructs 

they represent and were recommended as supplemental measures for research involving 

Toolbox measures.

Discussion

On the basis of a comprehensive literature review and extensive discussions, the NIH 

Toolbox emotional health team selected perceived stress, self-efficacy, emotion regulation 

and coping as important constructs to be evaluated for possible inclusion in the NIH 

Toolbox. To be selected for the NIH Toolbox, a measure had to have good psychometric 

properties, be comprised of a single factor, be free of intellectual property issues, and fit 

within a 30-minute test that also included measures of the other emotional subdomains of 

psychological well-being, negative affect, and social relationships. Thus, the measures that 

were judged most appropriate for NIH Toolbox purposes are widely used, psychometrically 

sound, and brief.

The preliminary analyses of the Perceived Stress Scale suggested that it measures a single 

dimension, although there was some variance accounted for by the direction of the items 

(positively- versus negatively-keyed). Based on our psychometric results, which were 

similar to those of the authors (Cohen & Williamson, 1988), we decided to recommend the 

10-item version. Further testing of the PSS, including its association with other measures, 

will be completed as part of a national norming study. Because the model for the PSS 

included a general factor, it is possible that a computer-adaptive testing (CAT) protocol 

might be created to briefly and precisely measure perceived stress. Similarly, the one-factor 

model of the General Self-Efficacy Scale also had good psychometric properties and there is 

also the potential for CAT. Thus, these measures were deemed as appropriate for inclusion 

in this subdomain of the NIH Toolbox Emotional Health domain.

Model fit analyses of emotion regulation and general coping measures were less successful 

than those for stress and self-efficacy. Although disappointing because of the conceptual 

importance attributed to these measures in this subdomain, these findings are consistent with 

well-known complexities that characterize their assessment (Bridges, Denham & Ganiban, 

2004; Folkman, & Moskowitz, 2004). For example, unlike other emotional health concepts 

like social support or life satisfaction, it is not conceptually feasible to derive a single 

summary score that adequately assesses the broad domain of coping. The key conceptual 

problem is that the evaluation of the adaptiveness/maladaptiveness of coping is determined 

in relation to a specific context. The key methodological problem is that coping is multi-

dimensional with no agreement about the number of dimensions or a gold standard 

classification system (Skinner, Edge, Altman, & Sherwood, 2003). Because of these 

challenges and the constraints of the NIH Toolbox, these measures were judged unsuitable 

for this project, which may be a limitation of the NIH Toolbox.

In addition to these methodological issues, the study was limited by the participant selection 

process. First, by recruiting participants from an online research panel, we obtained samples 

that were predominantly White with more years of education relative to population-based 

samples. This may be evidence of a participation bias which is often unavoidable in 
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volunteer research. Recent work, however, has shown that data collected from the Internet 

are comparable to data from probability-based general population samples (Liu et al., 2010). 

In addition, our scientific team has found that recruiting samples from Internet panels can be 

a cost-effective, efficient, and valid means of data collection as evidenced by our experience 

with two other large-scale NIH-funded efforts (Cella et al., 2010; Gershon, R. et al., 2012). 

Achieving representativeness was not a goal of this initial phase but will be addressed in the 

next phase with the norming sample.

This paper describes the first phase of instrument development of the Stress and Self-

Efficacy sub-domain of the NIH Toolbox, an assessment battery for use in large-scale 

longitudinal epidemiologic and clinical trials studies. Consistent with past research, the 

Perceived Stress Scale and the General Self-Efficacy Scale had good psychometric 

properties in terms of dimensionality and the precision of scores. However, more 

information is needed on how these measures correlate with criteria of interest. Toward this 

end, a national norming study is planned that will provide further refinement of these 

measures, and the NIH Toolbox is slated to become a part of many future studies.
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