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Abstract

We report on the selection of self-report measures for inclusion in the NIH Toolbox that are
suitable for assessing the full range of negative affect including'sadness, fear, and anger. The
Toolbox is intended to serve as a “core battery” oflassessment tools for cognition, sensation, motor
function, and emotional health that will help to overcome the lack of consistency in measures used
across epidemiological, observational, and intervention studies. A secondary goal of the NIH
Toolbox is the identification of measures that are flexible, efficient, and precise, an agenda best
fulfilled by the use of item banks calibrated with models from item response theory (IRT) and
suitable for adaptive testing. Results from a sample of 1,763 respondents supported use of the
adult and pediatric item banks for emotional distress from the(Patient-Reported Outcomes
Measurement Information System (PROMIS®) as a starting point for capturing the full range of
negative affect in healthy individuals. Content coverage for the adult Toolbox was also enhanced
by the development of a scale for somatic arousal using items from the/Mood and Anxiety
Symptom Questionnaire (MASQ) and scales for hostility and physical aggression using items
from the Buss-Perry Aggression Questionnaire (BPAQ).
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1. Introduction

The goal of the NIH Blueprint for Neuroscience Research is to accelerate discoveries
regarding brain function in health, aging, and disease. In 2006, the NIH Blueprint funded a
contract to develop a “core battery” of assessment tools for four key domains of
neurological and behavioral functioning—cognition, sensation, motor function, and
emotional health. This NIH Toolbox is intended to be relevant for all patient-oriented
research, including epidemiological research, observational studies, and studies of
interventions (see www.nihtoolbox.org for more details). In addition, the Toolbox is
designed to include constructs relevant to health and aging across the lifespan from ages 3 to
85.

An important general aim is to overcome the lack of consistency in measures used to capture
these domains across diverse studies and samples, making it difficult to aggregate and
compare results. Traditional assessments of negative affect, for example, have relied on
methods derived from classical test theory (CTT), and comparing results across different
measures of the same construct (e.g., sadness, fear) presents two major problems. First is the
problem of test dependence—total scores are dependent on the particular choice of test
items, regardless of whether those items accurately describe a participant’s experience or
provide meaningful information. The second problem is group dependence—samples that
differ in ways unrelated to the construct being measured often yield different scores
(Hambleton and Jones, 1993). Such difficulties in comparing data obtained from different
measures and samples have been noted by several authors, leading to calls for common,
standard assessments (Sanders et al., 1998; Garratt et al.,2002; Baughman et al., 2006; Pan
etal., 2012).

1.1. Use of modern psychometric methods

A second aim of the NIH Toolbox is the identification of core measures that are flexible,
efficient, and precise in assessing cognition, sensation, motor functioning, and emotional
health and, as a result, can be administered in about two hours, allotting approximately 30
minutes to each of the four domains. To achieve this goal without compromising coverage
of important content, we emphasized the application of modern psychometric methods (e.g.,
techniques derived from item response theory, IRT), which create the possibility of
computerized adaptive testing (CAT) or the development of short forms that can be tailored
to specific samples.

In IRT, the unit of information is the individual item as opposed to the total test score. The
assumption is that each respondent will have some amount of the underlying trait or ability
being assessed and that their level of the trait determines the probability that they will
answer an item in a specific way (Embretson and Reise, 2000). Item statistics are
independent of the groups from which they are derived, an obvious benefit when attempting
to compare results across studies and samples (Hambleton and Jones, 1993). These statistics
indicate the level of the trait at which each item will provide the most information
(discrimination) and at which it is most likely to be endorsed (difficulty). With fear, for
example, an item asking about panic attacks will yield more precise information among
respondents with high levels of fear than will a question about general arousal. Item and test
statistics are standardized on the same latent trait scale, resulting in information that is
comparable across both test forms and groups.
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IRT-calibrated item banks underlie the use of CAT (Weiss, 2004; Smits et al., 2011) in
which the presentation of items is tailored individually to respondents and their levels of the
latent construct being assessed. The result is an efficient procedure for reducing both the
total number of items administered and measurement error following the administration of
each successive item (Gibbons et al., 2008). Simulation and empirical studies indicate that
CAT using as few as 4-6 polytomous items can achieve excellent precision and that scores
derived from CAT correlate strongly with a conventional total score (Gardner et al., 2002;
Gardner et al., 2004; Bjorner et al., 2007; Choi and Swartz, 2009; Choi et al., 2010). CAT
has been successfully validated in a variety of domains, including depression (Fliege et al.,
2005), anxiety (Becker et al., 2008), personality assessment (Forbey et al., 2011), and
cognitive impairment (Wouters et al., 2001). Due to shorter testing time and greater
precision, CAT may also lead to reduced sample size requirements for expensive clinical
trials (Chakravarty et al., 2007).

Two studies assessing depression specifically have demonstrated the benefits of CAT over
conventional measures. Choi et al.(2010) evaluated the efficiency of static short forms and
CAT and found that while both produced scores that correlated highly with scores from
more extensive item banks, CAT outperformed static short forms in almost all criteria.
Gardner et al. (2004) tested a CAT version of the Beck Depression Inventory (BDI) and
found its predictive validity to be equal to the full BDI. The adaptive BDI required an
average of 5.6 items versus the 21 items in the full BDI and showed a correlation of 0.92
with the BDI total score.

1.2. Subdomains for emotional health

Within the domain of emotional health, we used responses to a request for information from
NIH-funded investigators with broad experience in neurological and behavioral research, as
well as expert review by Toolbox investigators, to converge on four subdomains for
inclusion: negative affect, psychological well-being, stress and self-efficacy, and social
relationships (Salsman et al., 2011). There is good evidence that negative and positive
emotions are best understood as orthogonal (rather than bipolar) constructs (Watson and
Tellegen, 1985), and this understanding leads to separate assessment of negative and
positive psychological functioning in order to investigate their impact on health. Perceived
stress and perceived self-efficacy for coping with stressors also have important links with
health (Goldman et al., 2005; Lucas et al., 2007; Stewart and Yuen, 2011). Finally, in a
social species, it is important to consider emation in an interpersonal context and to assess
its reciprocal relationships with interpersonal functioning and behavior (Lazarus, 2006; Reis
and Collins, 2004).

Given the private nature of emotional experience, self-report is considered the standard for
assessment. We focused on self-report in the development of the Toolbox (except for the
very youngest respondents, i.e., children ages 3 - 7, where the proxy report of a parent or
guardian is required). In this paper, we describe the development of self-report measures of
negative affect suitable for respondents from ages 8 to 85. There has been a trend toward
increased use of self-report (and less reliance on parent proxy report) in the assessment of
children, with more evidence that school-age children are indeed able to accurately report
their experiences (Varni et al., 2007; Riley et al, 2004). Several studies have shown that
parents and children often disagree, especially when the phenomena in question are internal
and not directly observable, i.e., sadness, fear (Kolko and Kazdin, 1993; Yeh and Weisz,
2001; Salbach-Andrae et al., 2009). Additionally, parent proxy reports can be influenced by
the parent’s own symptoms (Fergusson et al., 1993; Renouf and Kovacs, 1994; Garber et al.,
1998).
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1.3. Definition of negative affect

Emotion *“can be manifested as brief states, as longer but still transitory moods, and as fraits
or patterns of expression that characterize an individual over significant periods of the
lifespan” (Goldsmith, 1993). Given the purposes of the Toolbox—to develop measures that
are sensitive to change, suitable for monitoring health status over time, and useful for
evaluating the effectiveness of interventions—our emphasis is on the measurement of mood
over brief to intermediate time spans (i.e., days to weeks). Assessment of states that may
fluctuate from hour to hour, on the one hand, or assessment of temperamental “set points,”
on the other hand, are less responsive to the current agenda.

“Negative affect” (NA) is a phrase used to describe unpleasant moods or emotions. These
unpleasant states are typically comprised of distinct but often correlated aspects of sadness,
fear, and anger. High-NA individuals tend to experience higher levels of these negative
emotions, react more negatively to stressful situations, and focus more on subjective
experiences (Watson and Clark, 1984).

The overall plan for the Toolbox was to make initial choices about the best candidate
instruments for calibration testing, to assess their psychometric properties using a large
internet panel, and to make final decisions about inclusion of measures in the Toolbox based
on these psychometric outcomes. A parallel NIH Roadmap initiative, the Patient-Reported
Outcomes Measurement Information System (PROMIS®), had implemented such methods
for a similar agenda—to develop generic measures of physical, mental, and social health that
could be used in the assessment of any chronic disease (Cella et al., 2010). PROMIS had
developed IRT-calibrated item banks for assessing depression, anxiety, and anger in both
adult and pediatric (ages 8 to 17) samples (Irwin et al., 2010a; Irwin et al., 2010b; Pilkonis et
al., 2011). Work is underway to link the PROMIS adult and pediatric item banks, thereby
ensuring that they are calibrated along a single metric across the lifespan, consistent with the
Toolbox agenda. A central question is whether these PROMIS item banks, developed
previously with a target population of individuals with chronic health conditions, could be
applicable to the Toolbox target of all people in the general population, spanning the full
continuum of health. Therefore, we incorporated adapted versions of these item banks (see
below) in our Toolbox calibration battery.

At the same time, there are a number of frequently used and commonly recognized measures
in the area of negative affect (e.g., PHQ-9, CES-D), and we also wanted to include some of
these as potential candidates for the Toolbox battery because of their history, visibility, and
research legacy. In most cases, these measures had been developed using CTT. By including
them in the Toolbox calibration battery, we were able to see how well they aligned with
IRT-calibrated measures of sadness, fear, and anger. Whenever possible, the goal was to
make recommendations of measures for inclusion in the Toolbox that had been calibrated
using models from IRT and that would be suitable for state-of-the-art adaptive testing.

2. Methods

2.1. Selection of measures

2.1.1. Comprehensive literature searches and expert review—We performed
extensive literature searches and received recommendations from consultants and experts in
the field for measures assessing sadness, fear, and anger to ensure content validity.
Comprehensive literature searches were performed 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. Cited reference searches were run
on the primary reference for each measure in order to determine its acceptance and use by
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the scientific community. For the Toolbox emotional health domain, 554 measures were
identified—148 for negative affect.

Our goal was to assess the full spectrum of severity of sadness, fear, and anger. The Toolbox
team for negative affect reviewed all measures using several criteria: concept coverage; goal
of assessment (continuous measurement of severity vs. diagnostic screening); source of
information (self-report vs. proxy report vs. clinical rating); respondent burden (including
number of items, reading level, and cognitive complexity); suitability for assessment across
the lifespan; and supporting psychometric data. In addition, a careful review of intellectual
property issues was done for all measures (Berzon et al., 1994; Ware, 2003; Revicki and
Schwartz, 2009). Proprietary measures not available to the general public were excluded.

2.1.2. Instruments selected for Toolbox calibration testing—Table 1 identifies the
instruments chosen for Toolbox calibration testing and summarizes their important features
(e.g., number of items, time frame, response options). One adaptation was made to the
PROMIS adult item banks for depression, anxiety, and anger, which we describe here.

2.1.2.1. PROMIS adult item banks: Depression, anxiety, and anger: The PROMIS item
banks for depression, anxiety, and anger include 28, 29, and 29 items, respectively (Pilkonis
etal., 2011). However, given the high priority placed on brevity for the Toolbox, we limited
the item banks to 20 items for Toolbox calibration testing. The 20 items were selected in two
steps. First, we examined incremental correlations with the total IRT-scale score from the
full item bank—that is, we started by identifying the single item with the highest correlation
with the total score and then added items (in stepwise fashion) that increased the magnitude
of the correlation the most. In all three cases (sadness, fear, and anger), the correlation
between the score from the best subset of 20 items and the full bank score exceeded 0.99.
Second, we ensured that the subsets of 20 items included all items from the static short
forms of 8, 7, and 8 items developed for sadness, fear, and anger, respectively, in PROMIS
(Pilkonis et al., 2011). This step required one substitution each for sadness and fear, but
none for anger.

2.2. Sampling strategy

Participants were drawn from the general population of the United States. They were
identified and recruited by Toluna (previously Greenfield Online; www.greenfield.com), an
internet survey company. All participants who completed a survey were eligible for prizes or
incentive-based compensation. Participants completed a rigorous screening process, their
internet protocol (IP) addresses were confirmed to ensure that they were not participating
fraudulently in surveys, and they passed a variety of validity checks (e.g., “red herring”
questions). Procedures for survey data quality control are described in detail at
www.greenfield-ciaosurveys.com/html/qualityassurance.htm. Toluna also timed respondents
and removed those who took less than two seconds to answer any 10 items, assuming that
those data were likely to be invalid.

2.2.1. Sample—Data were collected from 1,763 participants (58% children and
adolescents aged 8-17 years, 7= 1,015; 42% adults aged 18 and older, 7= 748). Toluna sent
emails to potential candidates in their database to invite them to participate in the study.
Potential respondents were screened via the internet to ensure their eligibility, after which
they completed a survey of demographic information and the Toolbox negative affect items.
Children (aged 8-12 years) and adolescents (aged 13-17 years) completed a survey of 153
items, and adults (18 years and older) completed a survey of 169-187 items. In the child
sample, 33% were 8-9 years old and 67% were 10-12 years old. The adolescent sample was
comprised of 64% in the age range 13-15 and 36% in the range 16-17. In the adult sample,
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three groups (18-39 years, 40-59 years, and 60-92 years) were represented, constituting
33%, 44%, and 24% of the sample, respectively. See Table 2 for a summary of demographic
characteristics.

2.3. Data analysis

Measures (and items within measures) were chosen using multiple criteria. We pooled all
items from all measures for initial analyses. The primary goal of the initial analyses was to
evaluate the dimensional structure of the response data and to develop item pools with
sufficient unidimensionality for confirmatory factor analysis (CFA) and IRT analyses.
Unidimensionality is a key assumption that underlies the credibility of the model parameters
derived from the IRT analyses. Efforts were made to ensure that each measure or subset of
items was suitable for unidimensional scaling while still preserving important aspects of
item content.

We began by inspecting frequency distributions of individual items for sparse cells (i.e., less
than five endorsements in a cell, usually in the most severe response option) and combined
such cells with adjoining cells if necessary prior to further analysis. We also examined
adjusted item-total correlations, setting a threshold of 0.30 for inclusion in further analysis.
We calculated internal consistency reliability, using Cronbach’s alpha coefficient. We did
careful examinations of dimensionality, including exploratory factor analyses (EFA),
eliminating items with modest EFA factor loadings (< 0.40) for single-factor solutions. In
addition to EFA, nonparametric multidimensional scaling (MDS) solutions were obtained
for each of the three negative affects using polychoric correlations as indices of proximity
between items. Two-dimensional plots of MDS solutions provided a useful graphical tool
for examining the relationships between items (Roth and Roychoudhury, 1991). A high
positive correlation was represented by close proximity in two-dimensional space, and
unidimensionality was represented by an elliptical cluster of points (items) arranged along a
single line.

2.3.1. Confirmatory factor analysis—Single-factor confirmatory models were fit using
Mplus 4.21 (Muthén and Muthén, 2006) in order to document unidimensionality. The items
were treated as categorical variables. The robust weighted least squares (WLSMV) estimator
was used. Error variances and residual correlations were examined to identify items that
performed poorly (i.e., items with large errors, pairs of items demonstrating local
dependency—significant residual correlations even after accounting for the single
underlying latent variable).

2.3.2. Calibration with IRT models

2.3.2.1. Graded response model: Items remaining in the pool for each domain were
calibrated with the two-parameter graded response model (GRM) using MULTILOG 7.03
(Thissen et al., 2003). The convergence criterion for the EM cycles was set to 0.0001, with
the number of cycles set to 100. IRT model fit was examined for each item using the
IRTFIT macro program (Bjorner et al., 2006) and the option for the sum-score-based
method (Orlando and Thissen, 2003), which uses the sum score instead of theta for
computing the predicted and observed frequencies.

2.3.2.2. Analysis of differential item functioning (DIF): Differential item functioning
(DIF) occurs when characteristics such as age, gender, or ethnicity, which may seem
extraneous to the assessment of cognitive and psychological functioning, actually do have an
effect on measurement. An item is identified as functioning differentially if the item is more
(or less) difficult to endorse or more (or less) discriminating in some focal group (compared
to a reference group) when the different subgroups have been matched on the latent trait
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under investigation. Demographic and health-related variables, for example, have been
found to affect response patterns in depression scales such as the CES-D, the Beck
Depression Inventory, and the Geriatric Depression Scale (Mui et al., 2001; Kim et al.,
2002; Pedersen et al., 2002). We conducted DIF analyses (for both uniform and non-uniform
DIF) on the basis of gender (in all groups) and age (in the adult sample, with two age
groups, ages 18-45 and 46 and older, which divided the sample approximately in half).
Multiple DIF procedures were employed—the IRT likelihood ratio method (Thissen et al.,
1993), an ordinal logistic regression procedure (Zumbo, 1999), and a second logistic
regression procedure (Choi, et al., 2010) which generates effect size estimates (pseudo-R
squares) that are helpful in assessing the clinical significance of DIF results that may be
statistically significant (in large samples) but have little effect on IRT trait scores. Items
were removed if they showed significant DIF by multiple methods, large effect sizes for
DIF, or both.

3.1. Sadness

3.1.1. Adult self-report (age 18 and older)—We created a pool of 49 items that
included the 20 items from the PROMIS depression item bank, the 20 items from the CES-
D, and the 9 items from the PHQ-9. For the total pool of items, Cronbach’s alpha was 0.98,
with a mean adjusted item-total correlation of 0.72 (in a range from 0.41 to 0.87). No items
were flagged for sparse cells or eliminated on the basis of low (<0.30) adjusted item-total
correlations. Correlations between the three instruments (based on raw total scores) were
PROMIS depression and PHQ-9, 0.84; PROMIS depression and CES-D, 0.88; and PHQ-9
and CES-D, 0.88.

We examined one-, two-, and three-factor solutions with EFAs. The one-factor solution
provided the best fit to the data, with loadings for all 49 items being 0.50 or higher. Two-
and three-factor solutions produced “splinter” factors with small numbers of items (2-5) that
were not readily interpretable and appeared to represent arbitrary indicators of “unique”
variance not captured by the major underlying factor. We also examined a two-dimensional
plot from a multidimensional scaling analysis. The plot reflected an essentially
unidimensional array, with all items included except four outliers from the CES-D—the four
items that are worded positively and that segregated for this reason. In general, these results
demonstrated that the three instruments are measuring the same latent construct, and they
encourage efforts to link or co-calibrate the measures with confidence that it is valid to do
S0.

In order to examine the PROMIS 20-item depression bank, the PHQ-9, and the CES-D on
the same metric, we calibrated the two legacy measures concurrently with the 20-item bank
(using the GRM) by fixing the PROMIS item parameters at their bank values. We have
created an 8-item short form from the PROMIS depression item bank that includes many of
the most informative items (Pilkonis et al., 2011), and we also examined the performance of
the short form in this context. Figure 1 displays the test information curves for the 20-item
bank, the short form, and the two legacy measures. The alpha coefficient for the short form
was 0.97, and the correlation with the 20-item bank was 0.98. It is clear that the full item
bank provides the most information, but the figure also illustrates that the PROMIS short
form performs better than the two legacy measures, with fewer items. By way of reference,
“information” of 10 or greater approximates internal consistency of .90 or greater.

Because of these results and the Toolbox agenda aimed at promoting brief, efficient, and
flexible assessment (best operationalized through the use of IRT-calibrated item banks,
computerized adaptive testing, or the creation of short forms that can be customized for
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different samples), we recommend the PROMIS depression item bank as the primary
resource for the Toolbox Sadness Test. The items from the 20-item bank (and the general
short form, which gives good coverage across the entire range of measurement) are included
in Table 3. In the context of the Toolbox, which aims to measure emotional health in the
normal range, the 8-item short form produces reliable scores (as indicated by information >
10) for people nearly one standard deviation less sad than the average person in the
calibration sample.

3.1.2. Pediatric self-report (age 8-17)—We created a pool of 47 items that included the
14 items from the PROMIS pediatric depression item bank, the 13 items from the SMFQ,
and the 20 items from the CES-DC. For the total pool of items, Cronbach’s alpha was 0.97,
with a mean adjusted item-total correlation of 0.64 (in a range from 0.31 to 0.80). No items
were eliminated on the basis of low (<0.30) adjusted item-total correlations. One item was
flagged for a sparse cell: “I felt too sad to eat,” an item from the PROMIS bank, for the
response option of “almost always.” Correlations between the three instruments (based on
raw total scores) were PROMIS depression and SMFQ, 0.79; PROMIS depression and CES-
DC, 0.83; and SMFQ and CES-DC, 0.81.

We examined one-, two-, and three-factor solutions with EFAs. Consistent with the adult
results for depression, a one-factor solution provided the best fit to the data, with loadings
for all but 2 of the 47 items being 0.50 or higher. Inspection of the two-dimensional plot
from a multidimensional scaling analysis also revealed an essentially unidimensional array,
incorporating all items except the four positively worded outliers from the CES-DC. These
results were very similar to the results for the adult measures, also demonstrating that the
three pediatric instruments are measuring the same latent construct. Again, because of these
results and the advantages of IRT-calibrated item banks, we recommend the PROMIS
pediatric depression item bank (and its 8-item short form) as the primary resources for the
Toolbox Sadness Test for children and adolescents. The alpha coefficient for the short form
was .95, and its correlation with the full bank was 0.98. The items from the 14-item
PROMIS pediatric depression item bank (and the short form) are also included in Table 3.

3.2.1. Adult self-report (age 18 and older)—We created a pool of 55 items that
included the 20 items from the PROMIS anxiety item bank, the 7 items from the GAD-7,
and the 28 items from the general distress/anxiety (11 items) and the anxious arousal (17
items) subscales of the MASQ. For the total pool of items, Cronbach’s alpha was 0.98, with
a mean adjusted item-total correlation of 0.70 (in a range from 0.46 to 0.86). No items were
eliminated on the basis of low (<0.30) adjusted item-total correlations. However, two items
from the MASQ were flagged for sparse cells (“had a lump in my throat” and “felt | was
choking”), and the two most severe response options (“often” and “always”) were collapsed
for these items. Correlations between the three instruments (based on raw total scores) were
PROMIS anxiety and MASQ, 0.82; PROMIS anxiety and GAD-7, 0.86; and MASQ and
GAD-7, 0.76.

We examined one-, two-, and three-factor solutions with EFAs. A two-factor solution
provided the best fit to the data. The first factor reflected primarily affective and cognitive
features. This factor captured all the items from the GAD-7 and the PROMIS item bank and
six of the more “psychological” items from the MASQ, e.g., feelings of fear, nervousness,
and unease. The second factor reflected primarily somatic features and captured 22 items
from the MASQ. We also examined a two-dimensional plot from a multidimensional scaling
analysis. The plot also generated two clusters of items reflecting the same distinction
between affective and cognitive versus somatic indicators.
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Figure 2 displays the test information curves for the measures assessing the affective and
cognitive markers of fear—the PROMIS anxiety item bank, the PROMIS 7-item short form,
and the GAD-7. Again, it is clear that the item bank provides the most information, but
Figure 2 also illustrates that the PROMIS short form performs better than the GAD-7 with
the same number of items. Because of these results (comparable to our findings for the adult
measures of depression), we recommend the PROMIS anxiety item bank (and its 7-item
short form) as the primary resources for the Toolbox Fear Test. The alpha coefficient for the
short form was 0.95, and the correlation with the adapted 20-item bank was 0.98. The items
from the 20-item anxiety bank (and the short form) are included in Table 4.

Given the presence of an additional factor for somatic arousal, however, we developed a
second short form for this construct, using the relevant items from the MASQ. We began
with the 22 items identified in the EFA. We eliminated one item (“startled easily”) with a
marginal factor loading (0.40), with all other factor loadings ranging from 0.54 to 0.92. We
performed a CFA and eliminated two items for local dependency (*“had diarrhea” and “had
an upset stomach,” whereas “felt nauseous” remained in the pool). CFA fit indices for the
19-item scale were CFI = 0.90 and TLI = 0.99. We calibrated the remaining 19 items in a 2-
parameter GRM and eliminated two more items at this stage, one for local dependency
(“hands were shaky,” which showed a residual correlation with “was trembling and shaky’)
and one for DIF on the basis of gender (“had hot or cold spells,” which was more easily
endorsed by women). We performed CAT simulations with the remaining 17 items (using
the calibration data) to identify the items that would have been selected most frequently in a
CAT environment. We chose the 6 most frequently selected items for a somatic arousal
short form (with this 6-item subset correlating 0.95 with the total score from the full 17-item
pool). We performed a CFA on these remaining items, and they showed good fit with a
unidimensional model: CFI = 0.96 and TLI = 0.97. The alpha coefficient was 0.85. This new
6-item scale is also included in Table 4.

In summary, the Fear Test for the adult Toolbox includes two measures: the PROMIS
anxiety item bank (and its 7-item short form) and the new 6-item short form for somatic
arousal (derived from the MASQ).

3.2.2. Pediatric self-report (age 8-17)—We created a pool of 56 items that included the
15 items from the PROMIS pediatric anxiety item bank and the 41 items from the SCARED.
For the total pool of items, Cronbach’s alpha was 0.97, with a mean adjusted item-total
correlation of 0.58 (in a range from 0.27 to 0.74). No items were flagged for sparse cells, but
one item from the SCARED (“I follow my mother or father wherever they go”) had an
adjusted item-total correlation (0.27) below our threshold of 0.30. The correlation between
the two instruments (based on raw total scores) was .68.

We examined various solutions with EFAs. The SCARED was designed to be
multidimensional, and an EFA of its 41 items alone produced 6 factors with eigenvalues
greater than 1. By contrast, the PROMIS items could be grouped into a single factor
reflecting the internal experience of fear and worry. We also examined a two-dimensional
plot from a multidimensional scaling analysis. The plot generated three clusters of items.
The largest cluster captured all the PROMIS items and the SCARED items for generalized
anxiety, panic, somatic symptoms, and school avoidance. Two smaller clusters contained the
SCARED items for separation anxiety and social anxiety, respectively.

For a measure of the internalized, psychological experience of fear in children and
adolescents, we recommend the PROMIS pediatric anxiety item bank (and its 8-item short
form) as the primary resource for the Toolbox Fear Test. This item pool (and short form) are
consistent with the content of the generalized anxiety subscale from the SCARED but have
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clearer psychometric support, given the more varied content of the SCARED. The alpha
coefficient for the short form was 0.93, and its correlation with the full bank was 0.98. The
items from the 15-item PROMIS pediatric anxiety bank (and the short form) are also
included in Table 4.

3.3.1. Adult self-report (age 18 and older)—We created a pool of 49 items that
included the 20 items from the PROMIS anger item bank and the 29 items from the BPAQ.
For the total pool of items, Cronbach’s alpha was 0.96, with a mean adjusted item-total
correlation of 0.59 (in a range from 0.17 to 0.76). Three items from the BPAQ were
eliminated on the basis of low (<0.30) adjusted item-total correlations, but no items were
flagged for sparse cells. The correlation between the two instruments (based on raw total
scores) was 0.68.

We examined one-, two-, and three-factor solutions with EFAs of the remaining 46 items. A
three-factor solution provided the best fit to the data. The first factor captured the 20 items
from the PROMIS item bank, which focuses primarily on the affective and cognitive
features of anger. The second factor captured 18 items from the BPAQ that were a mix of
physical and verbal aggression. The third factor captured the 8 items from the original
hostility subscale of the BPAQ. We also examined a two-dimensional plot from a
multidimensional scaling analysis. The plot also generated three clusters of items reflecting
the same tripartite structure.

Given these results, we recommend the PROMIS anger item bank (and its 8-item short
form) as the primary resource for the Toolbox for a measure of the emotional experience of
anger. The alpha coefficient for the short form was 0.94, and the correlation with the 20-
item bank was 0.97. The items from the 20-item anger bank (and the short form) are
included in Table 5. Note that one item from the anger bank (“I felt like | was ready to
explode”) exhibited uniform DIF for age, being more easily endorsed among younger adults
(age 45 or less) in the Toolbox calibration sample. This, however, was the only item (among
the 60 PROMIS items) that displayed age-related DIF, and given that such DIF was neither
substantive nor pervasive, we would not propose altering the banks without more convincing
empirical evidence. Given the presence of two additional factors for hostility and
aggression, however, we did choose to develop two other short forms for these constructs,
using the relevant items from the BPAQ.

For hostility, we began with the 8 items from the original subscale and did an iterative series
of CFAs and IRT analyses using the 2-parameter GRM. We eliminated two items on the
basis of CFA misfit reflecting local dependency (I know that friends talk about me behind
my back” and “I am suspicious of overly friendly strangers”), and one item on the basis of
non-uniform gender DIF (“When people are especially nice, | wonder what they want”).
This item was easier for men to endorse at lower levels of anger, whereas the opposite was
true at higher levels of anger. We performed a CFA on the final five items, and they showed
good fit with a unidimensional model: CFI = 0.98 and TLI = 0.98. The alpha coefficient was
0.85. This new 5-item scale is also included in Table 5.

For aggression, we chose to create a measure that would cover the higher end of the
spectrum, i.e., physical aggression, and provide more complete content coverage of the
domain for Toolbox purposes. Therefore, we began with the 8 items remaining in the pool
from the original 9-item physical aggression subscale of the BPAQ. We did an iterative
series of CFAs and IRT analyses using the 2-parameter GRM. We eliminated one item on
the basis of CFA misfit reflecting local dependency (“Once in a while, I can’t control the
urge to strike another person”) and two items on the basis of uniform gender DIF (“If
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somebody hits me, I hit back” and “If | have to resort to violence to protect my rights, |
will”). Both of these latter items were easier for men to endorse. We performed a CFA on
the final five items, and they showed good fit with a unidimensional model: CFI = 0.98 and
TLI = 0.99. The alpha coefficient was 0.83. This new 5-item scale is also included in Table
5.

In summary, the Toolbox Anger Test includes three measures: the PROMIS anger item bank
(and its 8-item short form), the new 5-item short form for hostility (derived from the
BPAQ), and the new 5-item short form for physical aggression (also derived from the
BPAQ) and serving as a marker for externalizing behaviors in adults.

3.3.2. Pediatric self-report (age 8-17)—We created a pool of 18 items that included the
6 items from the PROMIS pediatric anger scale and 12 items from the AESC. For the total
pool of items, Cronbach’s alpha was 0.94, with a mean adjusted item-total correlation of
0.67 (in a range from 0.46 to 0.78). No items were eliminated on the basis of low (<0.30)
adjusted item-total correlations or flagged for sparse cells. The correlation between the two
instruments (based on raw total scores) was 0.73.

We examined one-, two-, and three-factor solutions with EFAs. A one-factor solution
provided the best fit to the data, with loadings on 15 of the 18 items being 0.70 or higher
(and no loadings less than 0.50). We also examined a two-dimensional plot from a
multidimensional scaling analysis, which largely confirmed the unidimensional structure.
Two positively worded items from the AESC were outliers on the basis of their linguistic
difference, but all other items were grouped into a single cluster. In order to assess this
factor reflecting the internalized, psychological experience of anger, we recommend the
PROMIS pediatric anger scale as the primary resource for the Toolbox. The alpha
coefficient was 0.92. The PROMIS pediatric anger scale is also included in Table 5.

3.4. Correlations among the measures

Validation of the Toolbox measures remains an important goal for future research, but some
initial results on the convergent and discriminant validity of the measures is available from
the calibration sample. For the adult subsample, Table 6 displays the intercorrelations
among the six measures recommended for the Toolbox Sadness, Fear, and Anger Tests. The
15 correlations ranged from 0.37 to 0.81, with a median of 0.57, demonstrating good
convergent validity among the measures of negative affect as expected. The smallest
correlation (0.37, greatest discrimination) occurred between BPAQ physical aggression and
PROMIS anxiety, and the largest correlation (0.81, greatest convergence) occurred between
PROMIS depression and PROMIS anxiety. In general, the BPAQ physical aggression scale
was the most distinctive measure, correlating in a range from 0.37 to 0.52 with the other five
measures, whereas the other measures correlated among themselves in a range from 0.50 to
0.81. For the pediatric measures, the correlations were PROMIS depression and PROMIS
anxiety, 0.71; PROMIS depression and PROMIS anger, 0.71; and PROMIS anxiety and
PROMIS anger, 0.63.

4. Discussion

The NIH Toolbox for the measurement of emotional health includes negative affect as one
of its four subdomains. Toolbox negative affect is divided into three components: sadness,
fear, and anger. Because they were designed to cover the full range of negative affect, the
adapted PROMIS item banks and their respective short forms performed very well for
Toolbox purposes and can be recommended for inclusion. Their content is consistent with
the subdomain of negative affect, and their calibration with IRT models promotes the
Toolbox agenda focused on creating more flexible and efficient methods of clinical
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assessment. These item banks can be used for computerized adaptive testing or can be
adapted as short forms (either in the standard version or in versions customized for
particular samples or disease states depending on the expected base rates of negative affect).

In addition to adapting PROMIS item banks for use in the Toolbox, we were able to enrich
the content of the adult Toolbox by creating three new measures from existing items in
legacy instruments. These new measures provide improved assessment of somatic arousal,
hostility, and physical aggression. The symptoms that best differentiate fear from near
neighbors (e.g., sadness) reflect autonomic arousal and other symptoms common to the
human fear response. This factor has typically been labeled *“anxious arousal” or
“physiological reactivity” (Clark and Watson, 1991; Brown et al., 1998; Chorpita et al.,
1998). Our new scale for somatic arousal (using items from the MASQ) reflects this
constellation of indicators and provides a useful complement to the Toolbox item bank,
which has many affective and cognitive markers. In a similar way, the new measures for
anger complement the Toolbox anger item bank, which focuses on the emotional experience
of anger. The two new measures capture, on one hand, hostility, which has been linked most
clearly to cardiovascular disease (Chida and Steptoe, 2009), and, on the other hand, overt
markers of aggression, which provide assessment of externalizing behaviors not otherwise
assessed in the Toolbox battery.

Further validation research on Toolbox item banks and associated measures is ongoing. For
example, they are being evaluated for their sensitivity to change, their ability to detect
differences between distinct clinical conditions, and their concurrent validity with additional
legacy measures in samples of patients with depression, sleep disorders, and chronic pain.
Although the primary purpose of the Toolbox item banks is to create a continuous metric of
the severity of emotional distress, such validation work in various clinical (and non-clinical
comparison) groups will also allow us to assess the utility of the banks in screening for
diagnosable disorders.

As mentioned above, work is also underway to link the Toolbox and PROMIS adult and
pediatric item banks, thereby ensuring that they are calibrated along a single metric across
the lifespan, consistent with the Toolbox agenda. In this regard, our analysis of DIF by age
in the adult sample alone (dividing the group at age 45) is reassuring, demonstrating the
equivalence of the Toolbox measures in young and middle adulthood versus later adulthood.
No items in the newly derived Toolbox measures (MASQ somatic arousal, BPAQ hostility,
BPAQ physical aggression) displayed age-related DIF, and only 1 of 60 PROMIS items
demonstrated such DIF.

In summary, we have a single measure of sadness, two measures for fear, and three
measures for anger in the adult Toolbox battery. Our experience with CAT (Choi et al.,
2010) is that 4-6 items will provide excellent precision for the assessment of all of these
constructs when using adaptive testing. If CAT is not feasible and static short forms are
required, then the total number of items for the adult Toolbox profile of negative affect
would be 40: 8 for sadness (from the Toolbox short form), 13 for fear (7 from the Toolbox
short form and 6 for somatic arousal), and 19 for anger (8 from the Toolbox short form, 5
for hostility, and 5 for physical aggression). The entire battery is likely to require 8-10
minutes for adult respondents. The pediatric Toolbox profile would include 22 items: 8 each
for sadness and fear from the Toolbox short forms and 6 from the Toolbox anger scale.
Again, the assessment is likely to require only a few minutes for children and adolescents.
The brevity, precision, and efficiency of these measures make them good candidates for use
not only in clinical research but also in clinical practice. In both venues, the measures will
capture more information than many traditional instruments while minimizing respondent
burden.
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Figure 1.
Test information curves for adult sadness: 20-item bank, 8-item short form, CES-D, and
PHQ-9.
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Test information curves for adult fear: 20-item bank, 7-item short form, and GAD-7.
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Table 2

Demographic characteristics of the NIH Toolbox sample

Pediatric Age 8-17 (N =1,015)  Adult Age 18+ (N = 748)

% %

Sex

Male 494 43.9
Ethnicity

Hispanic 9.8 15.2
Race

American Indian/Alaska Native 2.1 2.8

Asian American 2.1 2.8

Black/African American 11.6 9.1

Native Hawaiian/Other Pacific Islander 0.5 0.9

White 82.5 80.1

Other 48 6.4
Education

High school diploma, GED, or vocational/technical training NA 32.0

Further educational attainment NA 68.0
Mean Age 12.5 47.2

Note. The percentages for race total more than 100% because 34 pediatric participants (3.3%) endorsed more than one race and 16 adult

participants (2.1%) endorsed more than one race.
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Table 3

Toolbox Sadness Test

Adult Items

Pediatric ltems

| felt hopeless.*

| felt depressed.*

| felt worthless.*

| felt helpless.*

| felt like a failure.*

| felt that | had nothing to look forward to.*
| felt unhappy.*

| felt sad.*

| felt that my life was empty.

| felt discouraged about the future.

| found that things in my life were overwhelming.

| felt disappointed in myself.

| felt that nothing was interesting.

| withdrew from other people.

| felt emotionally exhausted.

| had trouble making decisions.

| felt lonely.

I had trouble feeling close to people.
| felt pessimistic.

| felt ignored by people.

I could not stop feeling sad.*

| felt everything in my life went wrong.*
| felt like I couldn’t do anything right.*

| felt unhappy.*

| felt alone.*

| felt lonely.*

| thought that my life was bad.*

| felt sad.*

Being sad made it hard for me to do things with my friends.

It was hard for me to have fun.
| felt too sad to eat.

| felt stressed.

1 didn’t care about anything.

| wanted to be by myself.

Page 21

Note. Items included in the short form are marked with an asterisk. Items are reprinted with the permission of the PROMIS Health Organization
and the PROMIS Cooperative Group.
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Toolbox Fear Test

Adult Items

Table 4

Pediatric ltems

| found it hard to focus on anything other than my anxiety.*

My worries overwhelmed me.

| felt uneasy.*

| felt fearful.*

| felt frightened.

| felt nervous.*

| felt anxious.*

| felt tense.*

Many situations made me worry.

| felt worried.*

| had sudden feelings of panic.

1 was concerned about my mental health.
| felt upset.

| felt indecisive.

| had trouble relaxing.

| had trouble paying attention.

| felt fidgety.

| was easily startled.

| worried about other people’s reactions to me.
I had difficulty sleeping.

Somatic Arousal

Felt dizzy or lightheaded.
Muscles were tense or sore.
Felt nauseous.

Heart was racing or pounding.
Was short of breath.

Muscles twitched or trembled.

| felt scared.*

| worried about what could happen to me.*
| worried when | went to bed at night.*

| felt worried.*

| felt like something awful might happen.*
| was worried | might die.

1 woke up at night scared.

| worried when | was at home.

| felt nervous.*

| thought about scary things.*

| got scared really easy.
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Adult Items

| was afraid that | would make mistakes.*
It was hard for me to relax.
| worried when | was away from home.

| was afraid of going to school.

Note. Items included in the short form are marked with an asterisk. The general fear items are reprinted with the permission of the PROMIS Health
Organization and the PROMIS Cooperative Group.
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Table 5

Toolbox Anger Test

Adult Items

Pediatric ltems

| was grouchy.*

| stayed angry for hours.*

| felt angry.*

| felt like I was ready to explode.*

| felt angrier than | thought | should.*

| felt annoyed.*

| made myself angry about something just by thinking about it.*
When | was angry, | sulked.

| was irritated more than people knew.*

| felt like yelling at someone.

I was stubborn with others.

Even after | expressed my anger, | had trouble forgetting about it.
| felt bitter about things.

| felt resentful when I didn’t get my way.

I had trouble controlling my temper.

| felt that people were trying to anger me.

| felt guilty about my anger.

1 was angry when something blocked my plans.

| felt envious of others.

| disagreed with people.

Physical Aggression

Given enough provocation, I may hit another person.

I get into fights a little more than the average person.

There are people who pushed me so far that we came to blows.
I have threatened people | know.

I have become so mad that | have broken things.

Hostility

| am sometimes eaten up with jealousy.

At times | feel | have gotten a raw deal out of life.
Other people always seem to get the breaks.

| wonder why sometimes | feel so bitter about things.

| sometimes feel that people are laughing at me behind my back.

| felt mad.

1 was so angry | felt like yelling at somebody.
1 was so angry | felt like throwing something.
When | got mad, | stayed mad.

| felt upset.

| felt fed up.
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Note. Items included in the short form are marked with an asterisk. The general anger items are reprinted with the permission of the PROMIS
Health Organization and the PROMIS Cooperative Group.
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