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Introduction

Assessing the outcomes of healthcare interventions on chil-
dren and families from their point of view has long been a
central goal of pediatric psychology. This approach to out-
come assessment is now being embraced in many areas of
healthcare under the aegis of patient reported outcomes
(PROs)—that is, evaluating health from the perspectives
of patients themselves. Their growing importance in clini-
cal research is highlighted by the 2009 guidance issued by
the Food and Drug Administration (U.S. DHHS, 2010) on
necessary criteria for using PROs to support claims for
medical product labeling, the federal government’s estab-
lishment of the Patient-Centered Outcomes Research
Institute (Clancy & Collins, 2010) and their markedly in-
creased use in clinical trials (Rahimi, Malhotra, Banning, &
Jenkinson, 2010). Ample evidence has accrued in support
of the validity and practicality of administering PROs to
children (Bevans, Riley, Moon, & Forrest, 2010).

As the demand for pediatric participation in clinical
trials has grown, the interest in trying to measure pediatric
PROs has also increased. The validity and reliability of chil-
dren as informants about their own states have been

supported in large studies using instruments from
Healthy Pathways (Bevans, Riley, Forrest, 2010), the Peds
QL,(Varni et al., 2007), the Child Health and Illness
Profile (Rebok et al., 2001; Riley et al., 2004), and the
KIDSCREEN (Ravens-Sieberer et al., 2005, 2008).

The NIH launched in 2004 a program of research
called the Patient Reported Outcome Measurement
Information System (PROMIS®) (Cella, Yount et al.,
2007). The goal of PROMIS is to provide clinicians and
researchers access to efficient, precise, valid, and respon-
sive adult- and child-reported measures of health (see
www.nihpromis.org for more information). These mea-
sures are rapidly proliferating throughout clinical and
behavioral research, epidemiology and population surveil-
lance, and clinical practice.

PROMIS comprises a cooperative group of research
sites and centers, a unique mixed-methods instrument de-
velopment process, many measures of health and well-
being, and an informatics platform that enables web-based
static and dynamic administration (Cella, Yount et al.,
2007; Cella et al., 2010; Gershon, Rothrock, Hanrahan,
Bass, & Cella, 2010; Riley et al., 2010). This article
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presents the science of PROMIS and discusses how these
methods and tools may solve some of the issues facing
pediatric psychology in measuring health outcomes in
children.

The Science of PROMIS

PROMIS uses a domain-specific measurement approach.
Domains are defined as clinically coherent and empirically
unidimensional health attributes that cut across diseases,
although disorders may have characteristic profiles of these
attributes. Table I shows the PROMIS Pediatric domains
and their definitions that have been developed (can be

Table I. Pediatric PROMIS Item Banks Developed and Under Development
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used now) and are under development (ready for use in
2013).

The PROMIS mixed-methods approach to creating an
item bank is summarized in the Figure 1. Item bank de-
velopment begins with defining the breadth and depth of
the content of the target domain. Input is obtained from
content experts, the scientific literature, previously devel-
oped measures, analysis of existing scales, and perspectives
of children and parents (Magasi et al., 2011). Either
semi-structured interviews or focus groups with children
and parents are done to ensure that the domain covers all
facets of the health attribute.

Building an item bank that comprehensively measures
the full range of the health domain’s manifestations, from

Domain

Brief definition®

Self-reported physical health

Physical functioning: upper extremity function

Activities that require use of the upper extremity including shoulder, arm, and hand activities.

Examples include writing, using buttons, or opening containers.

Physical functioning: mobility

Physical activity”

Activities of physical mobility such as getting out of bed or a chair to activities such as running.

Level of bodily movement as assessed by performance of activities that require physical actions,

ranging from habitual (activities of daily living) to more complex activities that require a com-

bination of skills, often within a social context.

Pain interference

Pain quality®

Impact of pain on physical, mental and social activities.

The nature, characteristics, intensity frequency, and duration of pain.

Fatigue Overwhelming, debilitating and sustained sense of exhaustion that decreases one’s ability to

carry out daily activities and to function at one’s usual level in family or social roles.

Asthma impact

Self-reported mental health

Symptoms specific to asthma that are not adequately captured by other general item banks.

Depression Feelings of hopelessness, helplessness, and worthlessness, negative mood (e.g., sadness), de-
crease in positive affect (e.g., loss of interest), negative views of the self (e.g., worthlessness,
low self-esteem), and negative social cognition (e.g., loneliness, interpersonal alienation).

Anxiety Feelings of fear, anxious misery (e.g., worry), and hyperarousal (e.g., nervousness).

Anger Angry mood (e.g., irritability, reactivity) and aggression (verbal and physical).

Stress experiences: somatic®

Stress experiences: psychological®
challenges.

Positive affect”

Life satisfaction®

life with others’ lives.

Meaning and purpose”

Physically experienced sensations associated with responses to internal or external challenges.

Thoughts or feelings about self and the world in the context of environmental or internal

Feelings of contentment, calmness, love, pride, happiness, excitement, and energy.

Global and context-specific evaluations of life overall, life conditions, and comparisons of one’s

One’s sense that life has purpose and there are good reasons for living, including a sense of

hopefulness, optimism, and goal-directedness.

Self-reported social health
Peer relationships

Family belonging”

Quality of relationships with friends and other acquaintances.

Beliefs and knowledge about the extent to which one has a sense that they are a part of the

family, feel loved and cared about, have sense of being part of the family, and the sense of

being valued and accepted.

Family involvement®

and regular activities.

Consistency and quality with which an individual experiences or engages in family behaviors

“The item bank is under development and will be ready for public use by 2013.

PSee http://www.nihpromis.org for more detailed descriptions of item banks.
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Figure 1. Pediatric PROMIS item bank creation process. Development of a PROMIS Pediatric item bank starts with a set of qualitative methods

that produce a theoretically informed item pool. Version 1.0 of the item pool is refined as a result of cognitive interviews, translatability review,

and reading level analysis. The item pool version 2.0 questionnaire is then administered to a large, representative sample of children and their

parents. Data from this survey administration undergo psychometric analyses, which lead to further modification of the item pool. At the end of
this process, an item bank is formed, which is ready for population norming, clinical validation, and responsiveness testing.

the lowest to the highest levels, starts with a review of the
measurement literature that is comprehensive in scope,
systematic, reproducible (Klem et 2009).
Relevant articles are retrieved and abstracted to identify
in-scope instruments; then instrument developers are con-

and al.,

tacted to request inclusion of their instrument’s items in an
item library.

Once the item library is formed, an item classifica-
tion process is done to assign items to domain facets
and prune redundancies (DeWalt et al., 2007). At this
point, it is critical to array the items within each facet
so that they are arranged from the best to worst or stron-
gest indication of the facet to the weakest, whatever dimen-
sion is appropriate. In this way, the need for additional
items to cover the entire domain becomes clear. Items
identified in the literature are then rewritten to conform
to PROMIS item writing standards. New items are created
to cover conceptual gaps across the full range of the
domain.

Every item undergoes cognitive interviews to assure
children’s comprehension of item content that the recall
period is sensible, and other cognitive processes do not
undermine usability. PROMIS Pediatric interview methods
are consistent with international standards (Willis, 2004)

and have been published elsewhere (Fortune-Greeley,
et al., 2009; Irwin, Varni, Yeatts, & DeWalt, 2009).

To ensure that PROMIS item banks measure the same
domain concepts across languages, an expert in translation
reviews items to identify idiomatic expressions, complex
sentences, and concepts that are not easily translated
into other languages. This translatability review leads to
removal or revision of problematic items. All PROMIS
item banks have been translated into Spanish and many
other translations are underway. Item translation follows a
universal language approach (one translation per lan-
guage), which is consistent with recommendations of the
ISPOR PRO Outcomes Translation and Linguistic
Validation Task Force (Wild et al., 2005, 2009), interna-
tional guidelines published by the IQOLA (IQOLA, 2011),
MAPI (MAPI, 2011), and MOS institutes (MOS, 2011).
Cognitive interviews are done after the translation process
to pretest the comprehensibility of the translated version
with native speaking children. Once item pools are devel-
oped and refined using qualitative methods, they are ad-
ministered to large populations of individuals. Survey data
are then subjected to psychometric testing using a combi-
nation of traditional and modern methods (Reeve et al.,
2007). Analyses are conducted to confirm assumptions



about dimensionality of the items hypothesized to be
within a single item bank, to test for differential item func-
tioning (DIF) across sociodemographic groups, and to cal-
ibrate the items to support development of fixed-length,
short forms, and computerized adaptive test (CAT) ver-
sions of the instruments.

Calibration is done using IRT-graded response models
(Samejima, 1997). IRT models describe in probabilistic
terms the relationship between a person’s response to an
item and her level of the health domain that the instrument
measures (Hambleton, Swaminathan, & Rogers, 1991;
Reeve et al., 2007). Parameter estimates generated for
each item in the model include the item’s discrimination
(how well the item differentiates among people with vary-
ing levels of the underlying health domain) and item diffi-
culty (the level of health that a person must have in order
to endorse a specific item response). Inspection of item
difficulty parameters highlights gaps in the measurement
of the health domain, when there are no or too few items
that provide information about respondents with a specific
level of health.

PROMIS IRT methods support the development of
fixed-length, short forms and CATs, both of which signif-
icantly reduce respondent burden without compromising
measurement precision. Another advantage is that IRT per-
mits statistical linking between child and adult item banks
(assuming that the item banks indeed measure the same
concept), so that measurements on a given domain can be
placed on the same scale across the life course. Several
pediatric—adult linkage studies are underway within the
PROMIS cooperative group.

Application of PROMIS Measures

Items in PROMIS fixed-length, short forms (from 4 to 8
items per domain) are chosen from an item bank based on
the item’s measurement characteristics. Short forms use
the most informative items to achieve satisfactory measure-
ment precision while minimizing respondent and adminis-
trative burden (Cella, Gershon, Lai, & Choi, 2007). The
available PROMIS short forms have been designed to pro-
vide an equal level of precision across the entire domain.
Such short forms are used in populations in which respon-
dents may vary widely in the outcome of interest, and the
score can accurately capture the level of health across a
wide range. Short forms can also be customized to measure
more precisely around a meaningful level of health at the
expense of increased error at less critical levels. For exam-
ple, if one wanted to measure outcomes of patients with
chronic pain, items clustered around the high end of the
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pain interference item bank would be chosen to provide
the most discrimination of values.

With respondents required to answer just 4-8 items
per item bank, PROMIS CATs produce efficient estimates
of the level of self-reported health with very high precision.
CATs use software algorithms to select optimal items on
the basis of a respondent’s sequence and overall patterns of
responses. The challenges of pediatric assessment, which
require large item sets for wide age ranges, may be
particularly suited to the benefits of a CAT platform
(Jacobusse, van Buuren, & Verkerk, 2006; Jacobusse &
Buuren, 2007). The initial item that the CAT presents is
typically in the mid-range of the domain concept. An esti-
mate of the respondent’s health is determined as well as
the corresponding error in this estimate. Subsequent items
chosen for administration refine the estimate and are
chosen to match the estimated level of health. If the re-
spondent endorses an item, a slightly more challenging
item is presented next, and vice-versa. This technique
quickly converges on the respondent’s estimated level of
health for a given domain. Stopping rules are based on
specification of the desired level of measurement precision
(reflected in the updated standard errors generated with
each item response), number of items administered (max-
imum), a length of time, content coverage, when the esti-
mated score is converging and minimal change is observed
after each item iteration, or some combination of these
criteria.

Opportunities for Researchers

PROMIS provides a web-based platform, called Assessment
Center”™ (AC), for implementing studies using PROs. AC
can be accessed via the PROMIS web site (www.nihpromis.
org). The costs for running Assessment Center are covered
by grants and contracts with the National Institutes of
Health, making it a free service. Instruments are copy-
righted, but PROMIS allows researchers to use item
banks and their short forms and CATs without a license
fee. AC enables researchers to create study-specific
websites that capture participant data securely. Studies
can include PROMIS measures (short forms and CATs)
within the Assessment Center library as well as custom
instruments created or entered by the researcher. Study
investigators own data, and there is no requirement for
data sharing with PROMIS or AC. Any PROMIS measure
can be downloaded for administration on paper or be in-
cluded in an online study, which can be accessed with a
personal or tablet computer.
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The AC enables customization of items or instruments
(e.g., format, randomization, skip patterns), real-time scor-
ing of CATs, storage of protected health information in a
separate, secure database, automated accrual reports,
real-time data export, graphing of individual outcome
scores, and ability to capture endorsement of online con-
sent forms among many other features. Based on the user’s
specific institutional approval, electronic consent forms
can be uploaded and private health information flagged
to allow limited access by study personnel.

Untl recently, data about health outcomes have
mostly been obtained from parents or health care pro-
viders. PROMIS has capitalized on advances in child-
reported measurement science (Bevans, Riley, Moon
et al.,, 2010) and provides pediatric psychologists with a
broad array of self-reported outcome tools that can be ad-
ministered to children as young as age 8-years old as well
as proxy forms for parents. It is no longer necessary to
leave the voices of children out of psychological research
and clinical practice. PROMIS Pediatric items are develop-
mentally appropriate, so new instruments do not have to
be used as the child grows. PROMIS instruments and ad-
ministration methods enable efficient (few items needed to
assess a given health outcome) and accurate (high reliabil-
ity and validity) assessment of child-reported physical,
mental, and social health.

The diverse group of constructs used to define
health outcomes is another benefit of PROMIS for pediat-
Each
grounded, and the items are developed in a standardized

ric  psychologists. item bank is theoretically
way, employing state-of-the-art mixed methods. PROMIS
measures can be used across conditions, and enable
between-study comparisons, because the outcomes
are on the same scale. Moreover, ongoing research is de-
termining whether pediatric and adult measures of the
same health domain can be statistically linked such
that different items may be used for children and adults
but the scores that the item banks produce will be on the
same scale.

An example of how PROMIS can provide value in re-
search in pediatric psychology would be its use in studies
on pediatric medically unexplained symptoms (PMUS).
PMUS is a group of symptoms that are prevalent and ex-
pensive, but for which there is little effective treatment.
Over 19 million children and adolescents in the United
States suffer from PMUS each year (Eminson, 2007;
Perquin, Hazebroek-Kampschreur, Hunfeld, Bohnen
et al., 2000). The cost of PMUS is significant, both
in lost function for the child and the parent who
loses days at work, and in healthcare dollars (Campo,

Jansen-McWilliams, Comer, & Kelleher, 1999; Perquin,

Hazebroek-Kampschreur, Hunfeld, van Suijlekom-Smit
et al., 2000). Examples include abdominal pain, headache,
dysuria, pelvic pain, syncope, fatigue, and arthralgias.
Researchers have long theorized that this collection of
symptoms may actually represent one or two syndromes
whose mechanism lies in abnormalities in the intercon-
nected biological systems for stress response, immune
function, pain, and psychological state. One of the critical
obstacles in testing this theory is the absence of a detailed,
reliable, and valid pediatric outcome assessment system
that is relevant across the myriad diagnoses that are as-
signed to these children. The use of PROMIS could sub-
stantially advance this important area in pediatric
psychology research.

Conclusions

PROMIS is becoming a standard for patient-reported out-
comes in research and clinical practice. The substantial
investment and commitment by the NIH to this initiative,
the unique science, and clinical cogency of instruments
are all contributors to the potential of the system to
become a common denominator in health assessment.
Standardization advances scientific knowledge because
common outcomes are used across studies thereby permit-
ting syntheses. Evidence-based medicine is founded not
only on the clinical trial, but also on the meta-analytic
synthesis of results across multiple trials. This synthesis
is greatly facilitated by the widespread use of common
measures.

PROMIS is an ideal tool for pediatric psychologists
interested in measuring child self-reported health in re-
search or clinical practice. It provides efficient and precise
measurement across a range of health attributes. All of the
biopsychosocial research models motivating pediatric psy-
chological research recognize that health is intrinsically
multidimensional. Moreover, many pediatric psychological
interventions are premised on the idea that coordinated
psychological and physiological interventions are mutually
reinforcing. Teasing out the subtleties of how psychological
outcomes mediate physiological outcomes, and vice-versa,
encourages a multidimensional approach to measurement.

Psychologists pioneered and continue to make major
contributions to the measurement of human attributes.
Further advances in measurement science are certainly
likely, but at this point in history, perhaps most critical
to advancing measurement science is the adoption of stan-
dardized, well-designed assessment tools across entire
fields of health and psychological research.
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