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SLEEP AND WAKEFULNESS ARE FUNDAMENTAL NEU-
ROBEHAVIORAL STATES THAT CAN BE DISRUPTED 
BY A VARIETY OF PHYSIOLOGIC, BEHAVIORAL, AND 
environmental factors. Approximately 30% to 40% of adults 
complain of insomnia,1 and 5% to 15% complain of exces-
sive sleepiness.2 Conversely, sleep-wake disturbances are 
strongly related to health. Sleep duration, sleep quality, and 
daytime sleepiness are risk factors for obesity, weight gain, 
hypertension, metabolic syndrome, vulnerability to the com-
mon cold, major depression, and all-cause mortality.3-10 Sleep 
deprivation in humans is associated with changes in vigilance 
and psychomotor performance, mood and affect regulation, 
memory consolidation, moral reasoning, metabolic and appe-
tite regulation, and immune function.11-15 Developing research 
and clinical tools to rapidly and accurately assess sleep dis-
turbances and sleep-related impairments (SRI) is, therefore, 
a high priority.

Human sleep and SRI can be evaluated in a variety of ways. 
Functional imaging studies during sleep and wakefulness pro-
vide a detailed examination of regional metabolic rate, blood 

flow, and activation patterns16,17 but are confined for practical 
reasons to small numbers of highly selected participants. Elec-
trophysiologic techniques, including electroencephalography, 
topographic mapping, event-related potentials, and polysom-
nography, are the current “gold standard” for characterizing 
sleep-wake patterns and disturbances in clinical and epidemio-
logic samples but require specialized equipment and facilities. 
Actigraphy relies on the strong correlation between sleep-wake 
state and motor activity to provide convenient and inexpensive 
estimates of sleep and wake times.18,19 

However, self-report instruments remain the most practi-
cal and widely used tools to characterize sleep-wake function. 
A wide variety of published instruments address different re-
search and clinical goals. For instance, questionnaires have 
been used in many epidemiologic studies to evaluate general 
types of sleep disturbance (e.g., difficulty falling asleep, diffi-
culty staying asleep, daytime sleepiness, napping),20,21 but many 
of these are not standardized and have not been validated. Other 
instruments assess temporal and quantitative aspects of sleep 
and wakefulness, either on a habitual basis or on a daily basis 
(sleep-wake diaries). Most sleep diaries and habitual-timing 
questionnaires have not been formally validated (with some ex-
ceptions22,23). Still other instruments characterize symptoms of 
specific sleep disorders (e.g., restless legs syndrome,24,25 sleep 
apnea,26,27 narcolepsy,28 insomnia,29-33 or multiple sleep disor-
ders34,35). Finally, some self-report instruments are designed to 
quantify latent constructs, such as sleep quality or likelihood of 
sleep, that are not readily measurable with other tools.36,37
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Despite their widespread use, self-report measures of sleep-
wake function face several methodologic challenges. First, 
awareness is reduced during sleep, and sleep onset is associated 
with brief retrograde amnesia.38 This limits the validity of sleep 
self-reports, relative to other methods, for assessing quantitative 
variables and phenomena such as snoring, apnea, or leg jerks. 
A second challenge is that sleep usually occurs in a single, rela-
tively consolidated, block every 24 hours, and sleep-wake func-
tion can vary considerably from day to day. Thus, sleep-wake 
self-reports require longer time frames than do self-reports for 
other common symptoms and must survey an adequate number 
of days to derive stable estimates. Third, self-reported sleep can 
be characterized along multiple dimensions, including sleep 
quality, quantitative aspects such as durations and numbers of 
events, timing within the 24-hour day, and specific sleep-related 
symptoms. Several aspects of waking function, such as sleepi-
ness, fatigue, cognitive efficiency, and emotional control, are 
also related to nocturnal sleep characteristics and disturbances.

No self-report instrument can address all of these challenges. 
However, there are currently no validated, flexible, brief instru-
ments that measure general aspects of sleep and SRI across the 
entire range of the adult populations. Of the available self-re-
port instruments, the Pittsburgh Sleep Quality Index (PSQI)39 
and the Epworth Sleepiness Scale (ESS)40,41 are the most widely 
used, with several thousand citations in aggregate. However, 
each scale has limitations. For instance, the 7 component scores 
of the PSQI are not consistent with factor analytic solutions,42 
and the individual items and components have not been care-
fully evaluated psychometrically. The ESS is simple to com-
plete and score but has been criticized on the basis of content 
validity (e.g., inclusion of some situations an individual may 
not routinely encounter and omitting other important situations 
such as work) and limited correlation with other measures of 
sleepiness, such as the Multiple Sleep Latency Test.43-45 Pre-
vious reviews have documented the properties, strengths, and 
weaknesses of other self-report instruments for sleep-wake 
function, particularly those related to insomnia.46-48

The PROMIS (Patient-Reported Outcomes Information Sys-
tem) sleep disturbance and SRI item banks were developed 
to improve self-report instrumentation of sleep-wake func-
tion. PROMIS (www.nihpromis.org) is a National Institutes 
of Health-funded consortium that aims to build item pools and 
develop core questionnaires that measure key health-outcome 
domains manifested in a variety of chronic diseases. PROMIS 
also aims to build an electronic Web-based resource for admin-
istering computerized adaptive tests, collecting self-report data, 
and providing instant reports of the health assessments (see 
www.assessmentcenter.net). PROMIS item banks have been 
developed through a systematic process of literature reviews, 
expert consensus, qualitative research methods, classic test the-
ory (CTT) methods, and item response theory (IRT) analyses. 
These methods have been designed to calibrate individual items 
for high precision and minimal respondent biases across major 
symptom domains affecting health status and quality of life. 

In the setting of the broader PROMIS objectives, the specific 
aims of the sleep-wake project were (1) To develop an archive 
of self-report measures that assess sleep and SRI, (2) to develop 
item banks from these measures that assess sleep disturbance 
and SRI, (3) to test the item banks in broad samples of patients 

and community participants to determine the dimensionality of 
sleep-wake symptoms and to identify the psychometric proper-
ties of individual items using IRT models, and (4) to examine 
the validity of the new item banks against widely used existing 
measures (PSQI, ESS).

METHODS

Overview
Development of the sleep-wake item banks was a single-

site project within the broader multisite PROMIS initiative. 
The methods for this process were similar to those used for the 
other PROMIS item banks49-52 and included the articulation of a 
conceptual framework, development of the item banks, testing 
of the initial item bank, and psychometric analyses using both 
CTT and IRT.

Conceptual framework
The PROMIS domain framework (see http://www.nih-

promis.org) is drawn from the World Health Organization’s 
framework of physical, mental, and social health domains.53 
Within this framework, PROMIS places sleep-wake func-
tion as a physical health measure that is influenced by men-
tal health. Investigators on the sleep-wake project generated a 
list of 17 potentially distinct conceptual categories across the 
broad spectrum of sleep-wake function (see Table S1 in sup-
plemental material available online only at www.journalsleep.
org). Categories included qualitative, quantitative, behavioral, 
and symptom-based dimensions of sleep, as well as domains 
assessing sleepiness and the perceived daytime correlates of 
nocturnal sleep. 

Development of Item Banks
Development of the item banks included 4 major steps 

(Figure 1). 

Literature review
 Comprehensive literature searches ensured broad content 

validity. An earlier literature review on instruments related to 
insomnia48 helped to identify more than 100 sleep question-
naires and almost 3000 items. Health science librarians at the 
University of Pittsburgh conducted a more systematic literature 
search in Medline, Psych Info, and Health and Psychosocial In-
struments databases using a list of 291 sleep-wake search terms 
developed by the research team. Sleep-wake search terms were 
crossed with measurement terms (e.g., validity, psychometric) 
to focus the search field. The search identified 535 candidate 
citations, of which 126 were further examined by the content 
experts and 71 were found to have adequate psychometric 
documentation. The 2 literature search and review processes 
yielded a final pool of 82 questionnaires, 2529 sleep items, and 
a refined conceptual model of the sleep-wake domain. 

Item banking
An Access database was created for the initial pool of items, 

which were coded into the 17 sleep-wake content conceptual 
categories and further subcoded into 76 “bins.” These codings 
were based on independent content expert (DJB, DEM, AG) 
ratings, with resolution of disagreements by discussion and 
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consensus. Qualitative item review 
based on the larger PROMIS Network 
protocol51 then substantially reduced 
the number of items by deleting those 
with redundant content. Items were 
rewritten to be consistent with PRO-
MIS Network standards of verb tense, 
time frame, and response set. For most 
items, a 7-day time frame, first-person 
subject, past tense, and either frequen-
cy scaling (never, rarely, sometimes, 
often, and always) or intensity scal-
ing (not at all, a little bit, somewhat, 
quite a bit, and very much) were used. 
For some items (e.g., those referring 
to infrequent behaviors) a 1-month 
(28-day) time frame was used, and, 
for other items, different response 
options were deemed more appropri-
ate to their content (e.g., sleep qual-
ity responses range from very poor to 
very good). After qualitative item and 
expert item reviews, 310 items in 53 
bins were retained for further testing 
(see supplemental material).

Qualitative focus group research
Focus groups provide essential pa-

tient input in the development of patient-reported outcomes.54 
Five groups were conducted: 2 sleep disorder groups, 2 sleep 
disorder and psychiatric patient groups, and 1 group of normal 
sleepers. Thirty-six participants (64% women, 39% minority, 
31% married, 50% with a college or graduate degree, mean age 
45.3 years, sleep disturbance 13.8 years, range 23-80 years) 
were recruited from sleep medicine centers, outpatient clin-
ics, and advertisements. Focus group facilitators elicited par-
ticipants’ perceptions of sleep symptoms and difficulties, sleep 
patterns, bedtime and wake time routines, mood symptoms 
and their interactions with sleep difficulties, daytime alertness, 
sleepiness, fatigue, and functioning in relationship to sleep. A 
preliminary qualitative review of participant comments sug-
gested themes of a lack of understanding of sleep problems by 
family and health-care workers, the unpredictability of sleep, 
the substantial effects of sleep problems on waking function, 
and the effort required to cope with sleep problems. These 
themes led to the inclusion of 10 additional items for initial 
testing. 

Cognitive interviews and Lexile analyses
Cognitive interviews and Lexile analyses were used to 

evaluate whether proposed items were readily understandable. 
Seventy-five items were selected for cognitive interviewing 
in 20 participants (55% women, 30% minority, 30% married, 
45% with a college or graduate degree, mean age 51.9 years, 
sleep disturbance 11.0 years, range 30-72 years). Participants 
completed the Wide Range Achievement Test55 to estimate 
their reading levels, which ranged from third grade to post-high 
school. Twenty participants of different races, both sexes, and 
a range of reading levels reviewed each item. Item stems and 

response options were reviewed for clarity, meaning, and vo-
cabulary. Of the 75 items reviewed, 10 items (13%) were sub-
sequently rewritten to clarify item stems or response choices 
based on participant feedback. The mean score from Lexile 
analysis was 406.1 (260.8), indicating an average third-grade 
reading level, with a maximum at the seventh-grade reading 
level.

Pilot Testing
Pilot testing of the item bank was conducted in a national 

sample of 300 participants (150 with self-reported sleep dis-
orders and 150 control subjects; 51% women, 6% Hispanic, 
13% minority) empanelled by YouGov Polimetrix, an internet 
polling firm (http://www.polimetrix.com/). Participants com-
pleted the preliminary item bank of 310 items via the Internet. 
Frequency distributions across each item’s response categories 
were examined to identify items with floor or ceiling effects. 
“High threshold” items were identified when a majority of the 
control sample endorsed only the bottom 2 response-option cat-
egories. Pilot-item responses were also compared with the prior 
cognitive interview results from patients and subjected to a sec-
ond round of expert item review. Data from pilot-testing were 
used to trim the item bank from 310 to 128 items for subsequent 
testing and evaluation.

Psychometric Testing
Psychometric testing was conducted using 128 PROMIS 

sleep-wake items, the PSQI and ESS, and patient-reported rat-
ings of global health. Global health items included ratings of 5 
primary PROMIS domains (2 items each for physical function, 
emotional distress, and satisfaction with social roles and discre-

Figure 1— Development of PROMIS sleep-wake function item banks. The flow chart on the left illustrates 
the major steps in the development of the Patient-Reported Outcomes Information System (PROMIS) sleep-
wake function instruments. The table on the right side indicates the number of categories, subcategories, 
and items at each stage of the item bank development. EFA refers to exploratory factor analysis; CFA, 
confirmatory factor analysis.
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differs from CTT in 3 important ways. First, IRT models 1 or 
more parameters that describe each item, such as item difficulty 
(i.e., at what value of θ an individual has a 0.50 probability of 
choosing that item-response category) and discrimination (i.e., 
how well an item distinguishes among individuals along the 
θ scale).58 In this study, the latent traits of interest were sleep 
disturbance and SRI. Thus, IRT provides psychometric infor-
mation regarding each questionnaire item separately, as well 
as psychometric information for the overall test. Second, IRT 
provides not only item-parameter estimates invariant to forms 
of measurement and applicable across samples and populations, 
but also θ estimates for individual participants. In this way, an 
individual’s responses can be used to precisely estimate his or 
her severity of sleep disturbance or SRI relative to the popula-
tion. Third, IRT item-parameter estimates occur on the same θ 
scale as those of individuals completing the questionnaire, i.e., 
sleep disturbance or SRI items can be represented along the 
same severity spectrum as those of individual respondents. 

The most commonly used IRT model for polytomous items 
(e.g., items with 5-point response scales) is the graded response 
model (GRM59). GRM has 1 slope parameter and n-1 threshold 
parameters for each item, where n is the number of response cat-
egories. The slope parameter measures item discrimination, i.e., 
how well the response categories differentiate among different 
θ levels; useful items have large slope parameters. Threshold 
parameters measure item difficulty, i.e., the location of the item 
on the θ scale; items with lower threshold parameters identify 
lower levels of θ, and items with higher threshold parameters 
identify higher levels of θ. Items were calibrated using MULTI-
LOG 760 based on a general GRM, in which individual items are 
allowed to have different discrimination parameters.

Item Selection
To further refine the sleep disturbance and SRI item banks, 

additional criteria were considered from IRT analyses and de-
scriptive statistics. 

Item information function
An item’s total information function is determined by dis-

crimination parameter estimates and the range of threshold pa-
rameter estimates along θ. Items with discrimination parameter 
estimates less than 1.0 (i.e., low item information) were consid-
ered for exclusion. 

Response distributions
Items with sparse cell distributions can be particularly prob-

lematic in IRT because of skewing. In principle, it is not pos-
sible to obtain reliable estimates of parameters for response 
categories with very few observations, i.e., strongly skewed 
distributions. Because many sleep disturbance and SRI items 
were right skewed (i.e., more precision was obtained at higher 
severity levels), items with sparse cells in the 2 response cat-
egories indicating greatest severity were considered for exclu-
sion. 

Construct validity
For concurrent validity, items demonstrating high correlation 

with the PSQI but low correlation with ESS were desired for the 
sleep-disturbance item bank, and the opposite pattern of cor-

tionary activities, and 1 item each for fatigue and pain), as well 
as general ratings of perceived health (1 item each for general 
health and quality of life 56).

Two samples were used for this psychometric testing: a 
second sample collected by YouGov Polimetrix and a clinical 
sample. Both samples completed a computerized question-
naire containing the studied items. The Polimetrix sample in-
cluded 1993 individuals from the community (41% women, 
11% Hispanic, 16% minority); of these, 1259 reported no sleep 
problems and 734 reported sleep problems in response to 4 
branching questions: Have you ever been told by a doctor or 
health professional that you have a sleep disorder? What type of 
sleep disorder (with 13 options)? Has your sleep disorder been 
treated? Did the treatment help you? Given the nature of the 
YouGov Polimetrix sampling frame, we were not able to verify 
the presence or absence of participants’ self-reported clinical 
diagnoses. The clinical sample included 259 patients recruited 
from sleep medicine, general medicine, and psychiatric clinics 
at the University of Pittsburgh Medical Center (61% women, 
2% Hispanic, 30% minority). All endorsed sleep and wake 
symptoms during a scripted telephone screening interview for 
common sleep disorders (sleep apnea, insomnia, restless legs 
syndrome). In aggregate, the YouGov Polimetrix and clinical 
sample (n = 2252) included 43.8% women and had a median 
age of 52 years, with 20.7% aged 65 or older. Eighty-two per-
cent were white, 12.6% black, 2.7% Native American or Alas-
kan, 0.7% Asian, 0.4% Native Hawaiian or Pacific Islander, and 
10% Hispanic or Latino. Education attainment was high school 
or less (13.6%), some college (38.6%), college degree (27.9%), 
and advanced degree (19.9%).

CTT Analyses
CTT analyses included descriptive statistics, internal consis-

tency reliability (Cronbach α), convergent validity with PSQI 
and ESS, and factor analysis. We assumed no preconceptions 
regarding the most appropriate factor structure for the PROMIS 
sleep-wake item bank. Accordingly, the entire sample was ran-
domly split into 2 subsamples, one for exploratory factor analy-
sis (EFA) (n = 1144) and the other for subsequent confirmatory 
factor analysis (CFA) (n = 1108). Both EFA and CFA were con-
ducted using Mplus 4.21 with Promax rotation.57 Following the 
guidance of previous PROMIS data-analysis plans,50 we evalu-
ated indices such as the Tucker-Lewis Index (TLI > 0.95 for 
good fit), comparative fit index (CFI > 0.95 for good fit), root 
mean square error of approximation (RMSEA < 0.06 for good 
fit), and standardized root mean residuals (SRMR < 0.08 for 
good fit) for EFA models. Scree plots, eigenvalues, and factor 
loadings were also examined. A ratio in excess of 4 for the first 
2 eigenvalues, significant factor loadings on the primary factor, 
and small residual correlations represented evidence in support 
of unidimensionality.50 Following factor analysis, additional 
items with low factor loadings were dropped. 

IRT Analysis, Model Selection, and Item Calibration
IRT refers to a class of psychometric techniques in which the 

probability of choosing each item-response category for each 
item is modeled as a function of a latent trait of interest (for 
further detail, refer to supplemental material). By convention, 
the latent trait is scaled along a dimension called theta (θ). IRT 
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Preliminary Validity Evidence
To evaluate the face validity of the final sleep disturbance 

and SRI item banks, θ scores were compared between individu-
als who did and who did not report a previously diagnosed sleep 
disorder. We also compared θ scores between subjects who self-
reported being treated for a sleep disorder and those who did 
not endorse treatment. (See Table S2 in supplemental material.)

RESULTS
Figure 1 summarizes the developmental steps and results of 

the PROMIS sleep-wake–function item banks. Although de-
picted as linear, the actual process was iterative. For instance, 
the conceptual framework was modified in response to item 
banking, focus group, and expert review steps. The develop-
ment of the item banks is described in the Methods section; the 
remainder of this section will focus on psychometric testing of 
the 128 sleep-wake items administered to the YouGov Polime-
trix and clinical samples.

Of the 128 items used for psychometric calibration, 19 were 
reverse scored, and 5 with hypothesized U-shaped responses 
(e.g., very short and very long sleep duration) were rescaled 
to yield unidirectional scales. Thirteen items were removed 
because their response scalings were not sufficiently unidirec-
tional. Specifically, 8 items had responses that were clock times 
(e.g., S37: What time did you usually go to bed?), 3 could not 
be construed as directional (e.g., S23: I napped), and 2 had re-
sponses contingent upon other items (e.g., S24: How long did 
your naps usually last?). After these deletions, 115 items were 
used for subsequent analyses.

Initial testing addressed whether 1 underlying θ dimension 
might apply to the items. Internal consistency reliability of the 
115 candidate items was high, as indicated by a Cronbach α of 
0.96. However, this metric would be expected to be high for a 
measure with this many items. Item-total correlations (Table 2) 
were smaller than 0.40 for 39 (34%) of the 115 items, indicating 
that these items were not strongly related to a single underlying 
dimension.

Pearson correlations of the item-bank total score with the 
PSQI total score were 0.66 in the entire sample and 0.85 in 
the YouGov Polimetrix sample. Correlation with the ESS was 
lower (r = 0.25 for the entire sample, 0.36 for the YouGov Po-
limetrix sample). These results suggest convergent validity 
with sleep quality, as measured by the PSQI, and discriminant 
validity against the tendency to doze, as measured by the ESS, 
across the 115-item bank.

Initial EFA (EFA-1) of the 115 items yielded an RMSR of 
0.10, indicating marginal fit for the 1-factor model. The scree 
plot of eigenvalues for this EFA revealed 1 dominant factor and 
an elbow after ��������������������������������������������       4�������������������������������������������        factors (see Figure S1 in supplemental ma-
terial). Five factors had eigenvalues greater than 2.8, and 75 
items had factor loadings greater than 0.50 on at least ������ 1�����  fac-
tor (see tables in supplemental material). These factors were 
labeled Sleep Quality and Sleep Onset (32 items, e.g., sleep 
quality, sleep restfulness, satisfaction with sleep, difficulty 
falling asleep), Waking Symptoms (24 items, e.g., had enough 
energy, sleep during the daytime, trouble staying awake, prob-
lems during the day because of poor sleep), Sleep-Wake Tran-
sition (7 items, e.g., felt alert when woke up, woke without 
an alarm), Sleep-Onset Problems (8 items, e.g., feeling tense 

relations was desired for the SRI item bank. For discriminant 
validity, sleep disturbance and SRI items showing high Pearson 
correlations with the PROMIS network global health items (in 
particular, the fatigue item) were considered for exclusion.

Monotonicity/scalability
The monotonicity assumption specifies that the probability 

of selecting an item response category is a nondecreasing or S-
shaped function of the underlying θ level of the construct being 
measured. In other words, the probability of selecting an item 
response indicating greater severity should increase as the overall 
level of sleep disturbance or SRI (estimated by θ) increases. Two 
nonparametric methods were used to evaluate the monotonicity 
assumption. First, the TestGraf program61 was used to visualize 
empiric probability-curve estimates using a Gaussian kernel-
smoothed model for nonparametric analysis. Second, Mokken 
Scale H coefficients for polytomous items (MSP62) were checked 
for values less than 0.30, indicating poor monotonicity.63

Local independence
Local independence assumes that the probability of provid-

ing a specific response to one item is independent of the prob-
ability of providing a specific response to any other item, after 
controlling for overall severity and item-parameter estimates. 
The existence of locally dependent item pairs may inappropri-
ately overestimate or underestimate the probabilities for spe-
cific response patterns.64 A computer program calculated local 
dependence indices for polytomous items (LDIP)65 based on 
item-parameter estimations from MULTILOG. The Q3 statistic 
was used to evaluate local dependence. Although absolute Q3 
values larger than 0.30 are often used to identify local depen-
dence,66 the nature of items banks, such as sleep disturbance 
and SRI, is expected to produce more locally dependent pairs 
and clusters67 of items than are other types of item banks, such 
as cognitive tests. Therefore, a less restrictive Q3 of 0.50 was 
used to consider items for exclusion.

Content-expert review
Content experts (DJB, DEM, AG) reexamined items from 

the clinical perspective to eliminate items with questionable 
properties according to the 5 criteria described above. Con-
versely, items with important clinical implications were added 
back even if they failed to meet some of the previous 5 criteria.

Estimating Individual Scores
After the final sleep disturbance and SRI items were cali-

brated, each respondent’s location on the corresponding sleep 
disturbance and SRI θ scales was estimated, i.e., a “score” 
for each individual was calculated.64 Scoring under the CTT 
framework typically sums fixed values assigned to each re-
sponse for each individual item. By contrast, scoring under 
the IRT framework is not based upon simple addition of item-
category values, or even upon a fixed number of items. Rath-
er, IRT-related scoring strategies mathematically estimate an 
individual’s location on the θ scale by using that individual’s 
pattern of item responses in conjunction with estimated item 
parameters. We used the maximum likelihood method provid-
ed by MULTILOG 7 for estimating individual scores on the 
sleep disturbance and SRI scales.
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Problems (21 items, including items from 
Factors 1 and 4 in EFA-1), Waking Symp-
toms (26 items), Sleep-Wake Transition (9 
items), and Sleep Quality (18 items, from 
Factor 1 in EFA-1).

Empirical review of the 4 factors from 
EFA-2 suggested conceptual similarities 
between new Factors 1 and 4 (Sleep-Onset 
Problems and Sleep Quality) and between 
new Factors 2 and 3 (Waking Symptoms 
and Sleep-Wake Transition). Therefore, 
a third EFA (EFA-3) was conducted with 
74 items, combining Factors 1 and 4 and 
Factors 2 and 3 from EFA-2. In EFA-3, 
combined new Factor 1-4 had an SRMR 
of 0.09, and all 39 items had factor load-
ings greater than 0.50. Combined new 
Factor 2-3 had an RMSR of 0.09, and 33 
of the 35 items had factor loadings greater 
than 0.50. Items S13 and S16 (fell asleep 
while driving, prescription medication to 
stay awake) did not have factor loadings 
in excess of 0.50 in this round of EFA (see 
Table S2 in supplemental material).

A single CFA was performed on the 2 fi-
nal factors, which included 72 total items. 
The factor labeled Sleep Disturbance had 
an SRMR of 0.086, RMSEA of 0.140, TLI 
of 0.957, and CFI of 0.843. Although the 
indices are slightly outside the desired 
ranges, all 39 items in Sleep Disturbances 
had factor loadings greater than 0.50. The 
factor labeled Sleep-Related Impairment 
had an SRMR of 0.82, RMSEA of 0.157, 
TLI of 0.955, and CFI of 0.812. Again, al-
though the indices are slightly outside the 
desired ranges, all but 2 of the 33 items 
in Sleep-Related Impairment had factor 

loadings in excess of 0.50, the exceptions being S118 (I woke 
without an alarm clock) and S122 (I woke with an alarm clock). 

IRT Model Selection and Item Calibration
Unidimensional GRMs were fitted to the sleep distur-

bance and SRI item banks separately. A constrained GRM 
and a general GRM were each fitted to the data for model 
comparison. The χ² difference statistics between these mod-
els were 1684 and 1682 for the sleep disturbance and SRI 
item banks, respectively (P < 0.001 for each), indicating sig-
nificantly better fit for the general GRM on each item bank. 
Consequently, general GRMs were used for item calibration 
on each item bank. 

Item-parameter estimates were obtained using MULTILOG 
7.03. Item-parameter estimates of the final items for each item 
bank are displayed in Tables 1 and 2. (Note that these are the 
items retained after the item selection process described below.) 
Column a presents slope parameters, which are an indicator of 
item information. Columns b1 through b4 represent threshold-
parameter estimates for individual item-category responses. 
Lower threshold-parameter estimates (b1 through b4) indicate 

and worried at bedtime, sleep disturbed by sadness), and Sleep 
Disorder Symptoms (4 items, e.g., restless legs, legs jerked or 
twitched). Items with factor loadings less than 0.50 included 
those representing extreme severity (e.g., use of medication to 
stay awake), time-based items, sleep-related behaviors and be-
liefs, other specific sleep disturbances (e.g., sleep apnea), and 
2 items with hypothesized U-shaped responses (time to fall 
asleep, sleep length).

A second round of EFA (EFA-2) was conducted with 74 
items (see Table S2 in supplemental material). These included 
the 75 items that loaded with a value of greater than 0.50 on 1 of 
the first 4 factors identified above, plus 3 additional items that 
were expected, on the basis of content-expert review, to load on 
1 of those 4 factors (items S13: I fell asleep while driving, S16: 
I took prescription medication to stay awake during the day 
(example: Ritalin), and S128: How long did it take you to feel 
alert after waking up?). On the other hand, the �������������  4������������   items load-
ing on Sleep Disorder Symptoms from EFA-1 were excluded 
from further analysis because 4 items were considered too few 
to constitute a viable scale. EFA-2 yielded an adequate RMSR 
value of 0.04 and 4 factors, which were labeled Sleep-Onset 

Table 1—Final Item Calibrations for the PROMIS Sleep Disturbance Item Banka

Items a b1 b2 b3 b4
S20: I had a problem with my sleep. 2.80 -0.56 0.33 0.98 1.74
S42: It was easy for me to fall asleep. 2.09 -1.10 0.05 0.94 1.84
S44: I had difficulty falling asleep. 2.51 -0.46 0.31 0.98 1.72
S45: I lay in bed for hours waiting to fall asleep. 2.18 0.03 0.85 1.55 2.38
S50: I woke up too early and could not fall back asleep. 1.19 -0.98 0.33 1.76 3.30
S65: I felt physically tense at bedtime. 1.64 0.21 1.13 2.02 2.96
S67: I worried about not being able to fall asleep. 2.37 0.28 1.02 1.62 2.37
S68: I felt worried at bedtime. 1.77 0.22 1.21 1.95 2.73
S69: I had trouble stopping my thoughts at bedtime. 1.75 -0.57 0.41 1.04 1.81
S70: I felt sad at bedtime. 1.40 0.67 1.56 2.26 3.13
S71: I had trouble getting into a comfortable position to sleep. 1.52 -0.19 0.95 1.76 2.72
S72: I tried hard to get to sleep. 2.47 0.03 0.66 1.19 1.88
S78: Stress disturbed my sleep. 1.99 -0.02 0.89 1.61 2.22
S86: I tossed and turned at night. 1.85 -0.58 0.66 1.37 2.30
S87: I had trouble staying asleep. 2.19 -0.90 0.10 1.00 1.78
S90: I had trouble sleeping. 3.66 -0.61 0.16 0.96 1.62
S92: I woke up and had trouble falling back to sleep. 2.17 -0.55 0.36 1.31 2.24
S93: I was afraid I would not get back to sleep after waking up. 1.97 0.22 1.03 1.65 2.47
S105: My sleep was restful. 2.45 -1.20 -0.15 0.72 1.59
S106: My sleep was light. 1.51 -0.65 0.44 1.59 2.61
S107: My sleep was deep. 1.57 -1.52 -0.35 0.66 1.92
S108: My sleep was restless. 2.30 -0.29 0.69 1.45 2.33
S109: My sleep quality was… 3.39 -1.22 0.00 1.08 1.90
S110: I got enough sleep. 2.17 -1.56 -0.16 0.77 1.81
S115: I was satisfied with my sleep. 2.77 -1.25 -0.34 0.43 1.09
S116: My sleep was refreshing. 2.58 -1.35 -0.34 0.49 1.28
S125: I felt lousy when I woke up. 1.91 -0.14 0.68 1.32 2.07

aColumn a displays the slope parameter (how well the item discriminates between respondents with 
low or high symptom levels). Columns b1- b4 display threshold values for individual responses (low 
threshold values indicate that the item is sensitive to low severity levels and high threshold values 
indicate that the item is sensitive to high severity levels).
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all items. Both methods indicated that responses for all items 
were monotonic, and no items were removed at this step.

Local independence
Four items from the sleep-disturbance item bank (S80: Wor-

rying disturbed my sleep; S112: I had all the sleep I needed; 
S114: I was satisfied with the amount of sleep I got; S115: I was 
satisfied with my sleep) and 2 additional items from SRI (S26: 
I had trouble coping because of poor sleep; S31: I had a hard 
time getting things done because of poor sleep) shared local 
dependence (exceeded a threshold value of > 0.50 on the Q3 
statistic) with 5 or more other items. These items were therefore 
removed.

Content-expert review
Content experts (DJB, DEM, AG) again reviewed the items 

for content validity. Two items from sleep disturbance (S50: I 
woke up too early and could not fall back asleep; S115: I was 
satisfied with my sleep) and 3 items from SRI (S4: I had enough 
energy; S18: I felt tired; S33: I had a hard time controlling my 
emotions because of poor sleep) were added back because of 
their important clinical implications. Another 5 items from 
sleep disturbance (S43: How often did you have difficulty fall-
ing asleep? S81: My sleep was disturbed by racing thoughts; 
S89: How long did it usually take you to fall back asleep after 
an awakening during the night? S111: I wished I got more sleep 
each night; S117: I felt refreshed when I woke up) and 3 items 
from SRI (S121: When I got out of bed I felt ready to start 
the day; S126: I had to force myself to get up in the morning; 
S128: How long did it take you to feel alert after waking up?) 
were further removed because of conceptual redundancy with 
other items. The final sleep-disturbance item bank consisted of 
27 items, and the final SRI item bank consisted of 16 items. The 

items that detect lower levels of 
severity; higher threshold-param-
eter estimates indicate items that 
detect greater levels of severity.

Item Selection
The 70 sleep disturbance and 

SRI items were further refined 
following a 6-step item-selection 
procedure. Items removed during 
this procedure are presented in the 
online supplement in Tables S3 
and S4.

Item information function
Item information curves, which 

reflect overall item performance, 
were visually examined, and items 
with limited information were re-
moved. Specifically, 4 items from 
sleep disturbance (S50: I woke up 
too early and could not fall back 
asleep; S73: I was afraid of going 
to bed; S74: I was afraid of going to 
sleep; S83: My sleep was disturbed 
by sadness) and 4 items from SRI 
(S5: I fell asleep when I did not mean to; S8: I fell asleep in pub-
lic places (example: church, movie, work); S9: I felt sleepy when 
driving; S23: I napped ) had discrimination-parameter estimates 
less than 1.0 and were removed.

Response distributions
Because the item distributions were often right skewed (i.e., 

more precision was obtained at higher severity levels), the top 
2 response categories for each item were examined closely. One 
additional item from sleep disturbance (S66: I felt jittery or ner-
vous at bedtime) and 6 additional items from SRI (S12: I made 
mistakes because I was sleepy; S28: I had a hard time thinking 
clearly because of poor sleep; S32: I made mistakes because of 
poor sleep; S33: I had a hard time controlling my emotions be-
cause of poor sleep; S34: I avoided or cancelled activities with 
my friends because of poor sleep; S35: I felt clumsy because of 
poor sleep) were removed because the 2 most-severe categories 
were infrequently endorsed (less than 6% in total). 

Construct validity
Pearson correlations with PSQI, ESS, and PROMIS glob-

al health and fatigue scale items were reexamined. Items that 
showed higher correlations with the global health and/or fa-
tigue items than with PSQI and ESS were removed, since other 
PROMIS scales are being developed for each of these domains. 
Three items from SRI (S4: I had enough energy; S17: I was 
fatigued; S18: I felt tired) were removed on this basis. No item 
from the sleep-disturbance item bank was removed at this step.

Monotonicity/scalability
Empiric item-response curves generated from TestGraf in-

dicated that all items showed good monotonic item-response 
curves, and observed H statistic values were larger than 0.40 for 

Table 2—Final Item Calibrations for the PROMIS Sleep-related Impairment Item Banka

Items a b1 b2 b3 b4
S4: I had enough energy. 1.83 -1.68 -0.11 1.17 2.19
S6: I was sleepy during the daytime. 2.24 -1.29 0.27 1.07 2.11
S7: I had trouble staying awake during the day. 2.20 -0.14 0.93 1.73 2.55
S10: I had a hard time getting things done because I was sleepy. 3.45 0.10 0.97 1.65 2.38
S11: I had a hard time concentrating because I was sleepy. 3.40 -0.09 0.88 1.58 2.28
S18: I felt tired. 2.67 -1.54 0.18 0.94 1.90
S19: I tried to sleep whenever I could. 1.43 -0.44 0.69 1.88 3.18
S25: I had problems during the day because of poor sleep. 3.76 -0.09 0.84 1.53 2.25
S27: I had a hard time concentrating because of poor sleep. 4.82 0.10 1.02 1.61 2.22
S29: My daytime activities were disturbed by poor sleep. 3.66 -0.05 0.74 1.65 2.47
S30: I felt irritable because of poor sleep. 2.92 -0.03 0.89 1.56 2.33
S33: I had a hard time controlling my emotions because of poor sleep. 2.60 0.36 1.26 1.99 2.68
S119: I felt alert when I woke up. 1.67 -1.58 -0.39 0.52 1.39
S120: When I woke up I felt ready to start the day. 1.87 -1.51 -0.48 0.39 1.19
S123: I had difficulty waking up. 1.18 -0.15 1.04 2.02 2.99
S124: I still felt sleepy when I woke up. 1.72 -1.27 0.12 0.80 1.66

aColumn a displays the slope parameter (how well the item discriminates between respondents with low or 
high symptom levels). Columns b1-b4 display threshold values for individual responses (low threshold values 
indicate that the item is sensitive to low severity levels and high threshold values indicate that the item is 
sensitive to high severity levels).
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DISCUSSION
The PROMIS sleep disturbance 

and SRI item banks were developed 
through a systematic process of litera-
ture reviews, content-expert review, 
qualitative research, pilot testing, and 
psychometric testing in more than 2000 
individuals. This process narrowed an 
initial list of 310 items to 43 and 17 
potential content categories to 2, rep-
resenting overall sleep disturbances, 

quality, and satisfaction (sleep disturbance item bank) and day-
time impairments related to sleep or sleep problems (SRI item 
bank). CTT assessments including internal consistency reliabil-
ity, convergent validity, EFA, and CFA provided support for the 
2 preliminary item banks. The 2 final item banks demonstrated 
unidimensionality and local independence, important determi-
nants of validity using IRT and, therefore, adequately represent 
the sleep disturbance and SRI domains from a psychometric 
perspective. The final items also adequately represent general 
sleep disturbances and SRI from a clinical perspective, i.e., 
they have good face validity and construct validity. This con-
clusion is further supported by significant differences between 
individuals with and without self-reported sleep disorders and 
between those with treated and untreated sleep disorders. Taken 
together, these findings support the reliability and validity of 
the PROMIS sleep disturbance and SRI item banks.

The initial identification of 17 categories, 53 subcategories, 
and 310 individual sleep-wake items was intentionally broad. 
This breadth provided important conceptual lessons regard-
ing the sleep-wake functional domain within the context of the 
PROMIS initiative. Some sleep-wake categories, such as the 
timing of sleep, can be readily assessed by self-report, but no 
sleep times are inherently “better” or “worse” than others. Like-
wise, both short and long sleep durations are risk factors for 
adverse health outcomes,7,68 suggesting that optimal duration of 
sleep is not a monotonic function of the sort that is amenable 
to IRT analysis. Furthermore, symptoms of specific sleep dis-
turbances such as snoring or sleep apnea may not be accurately 
assessed by the individual. It is possible that, in attempting to 
assess sleep-wake function comprehensively, the tested item 
banks simply did not include enough items regarding specific 
sleep disturbances, or enough respondents with specific sleep-
wake problems, to emerge as distinct factors in factor analysis. 
It may also be surprising to many clinicians that constructs such 
as sleepiness, fatigue, and SRI were grouped into a single final 
factor. Although we initially included these as separate concep-
tual domains, empiric analyses did not support their distinction 
in the final item banks. These findings challenge our clinical 
understanding of symptom structures and invite further study.

The PROMIS sleep disturbance and SRI item banks join a 
growing number of patient-reported outcomes related to sleep 
and wakefulness. For instance, a recent review identified 22 
instruments that measure sleep dysfunction in adults and the 
relationship of sleep dysfunction with health-related quality of 
life,20 and our own review48 identified more than 100 instru-
ments broadly related to sleep, wake, and circadian function. 
It is also important, therefore, to place the PROMIS sleep dis-
turbance and SRI item banks within this broader scientific and 

final item IRT calibration values for the sleep disturbance and 
SRI item banks are displayed in Tables 1 and 2.

Estimating Individual Scores
Using item-parameter estimates of the final sleep disturbance 

and SRI item banks, sleep disturbance and SRI θ scores were 
estimated for each of the 2252 individuals in the calibration 
sample. In the θ scaling, the sample mean is given a value of 0 
and the standard deviation a value of 1; higher θ values indicate 
greater severity. Sample sleep-disturbance θ scores ranged from 
-2.32 to 3.13, and SRI θ scores ranged from -2.27 to 3.29. The 
mean θ scores for sleep disturbance in the YouGov Polimetrix 
group with no sleep disorders, the YouGov Polimetrix group 
with self-reported sleep disorders, and the clinical group were 
-0.34, 0.24, and 0.77, respectively. The mean θ scores for SRI in 
the same respective groups were -0.33, 0.25, and 0.88. 

Preliminary Validity Evidence
To evaluate the construct validity of the final sleep-distur-

bance and SRI item banks, θ scores were compared between 
self-reported sleep disorder and no sleep disorder groups. Sub-
jects reporting each sleep disorder had higher θ values for both 
sleep disturbance and SRI, compared with those with no sleep 
disorder (Table 3). These findings suggest that the sleep distur-
bance and SRI item banks do, in fact, differ in expected ways 
among known groups, supporting their construct validity. We 
also compared subjects with self-reported treatment versus un-
treated sleep disorders. As would be expected in a clinical set-
ting, subjects with untreated sleep disorders had significantly 
higher mean θ scores (P  <  0.001) for both sleep disturbance 
and SRI, compared with those who had received treatment 
(Untreated: sleep disturbance θ = 0.72, SRI θ = 0.61; Treated: 
sleep disturbance θ = 0.19, SRI θ = 0.27). This broadly suggests 
that the sleep disturbance and SRI item banks are able to detect 
treatment response. 

We also examined convergent validity between θ scores for 
the sleep disturbance and SRI item banks and PSQI and ESS. 
The product-moment correlation between sleep disturbance 
and PSQI (hypothesized to measure similar attributes) was 
0.85, and, between SRI and the ESS (hypothesized to measure 
related but slightly different constructs), 0.45. This expected 
pattern of results supports the validity of sleep disturbance 
and SRI item banks. Contrary to expectations, the correlation 
between SRI θ values and the PSQI (r = 0.70) was larger than 
the SRI-ESS correlation. However the SRI-ESS correlation 
was larger than that of the sleep disturbance-ESS correlation 
(r = 0.25), again supporting the validity of sleep disturbance 
and SRI item banks.

Table 3—Known-groups validity of the PROMIS sleep-disturbance and wake-disturbance item banks

No sleep 
disorder (N) 

n = 1342

Insomnia 
(I)

n = 358

Sleep apnea 
(A) 

n = 504

Restless legs 
syndrome (R) 

n = 132

P Value for 
pairwise 

comparisons vs N
Sleep disturbance θ -0.27 (0.97) 1.00 (0.76) -0.06 (0.96) 0.73 (0.89)  < 0.001 (I, A, R)
Sleep-related impairment θ -0.25 (0.91) 0.75 (0.85) 0.14 (0.91) 0.71 (0.91)  < 0.001 (I, A, R)

PROMIS refers to Patient-Reported Outcomes Information System.
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The methodology used to derive PROMIS sleep disturbance 
and SRI item banks differed in several respects from the meth-
odology of previously published instruments. First was the 
rigorous and iterative process of collecting, sorting, and stan-
dardizing items derived from the larger PROMIS initiative. In 
particular, the inclusion of patient input is being increasingly 
recognized as a critical component of scale development for 
patient-reported outcomes of all types, including sleep.73-75 
Second, the samples for pilot testing and initial psychomet-
ric analysis of the scales was larger than typically reported 
for sleep-wake scale development (e.g., 39-41,76). These larger 
samples permitted us to conduct EFA and CFA with adequate 
sample sizes. Finally, the use of IRT methods to characterize the 
test performance of individual items lends additional strength 
to our methods. Scales developed with IRT have several desir-
able attributes, including the ability to customize item selection 
to specific applications. Because IRT analyzes the measurement 
properties of each item, precise estimates of the severity of each 
individual’s sleep disturbance or SRI can be obtained by se-
lecting a smaller number of items from the sleep disturbance 
and SRI item banks. For instance, it would be possible to select 
items for an epidemiologic study with a normal population that 
measure lower levels of severity by choosing items with low 
discrimination parameters. A clinical trial of a new medication 
for insomnia may employ high discrimination items to measure 
change over time. An additional benefit of IRT is the possibility 
of computerized adaptive testing, which uses individual item 
measurement properties to develop a progressively more pre-
cise estimate of an individual’s sleep disturbance or SRI se-
verity, which allows the administration of fewer overall items, 
typically 5 to 8. Ultimately, the choice of how many items to 
administer represents a balance between efficiency and mea-
surement precision. Administering 1 or 2 items offers maximal 
efficiency, administering the entire item bank offers maximal 
precision, and administering 5 to 8 items often offers a reason-
able balance between the 2. Although it seems counterintuitive 
at first, the calibration of each item using IRT also means that 
administering 2 different subsets of items with similar perfor-
mance characteristics will produce very similar estimates of an 
individual’s sleep disturbance or SRI severity (θ). A common 
example is the administration of alternate versions of aptitude 
tests such as board examinations (where θ is referred to as 
“ability” rather than severity).

As general indicators, the sleep disturbance and SRI item 
banks may be useful in a variety of applications, such as clini-
cal trials, epidemiologic studies, or routine patient care. Their 
utility is enhanced by their ability to measure a wide range of 
sleep disturbance or SRI severity. Our preliminary data suggest 
that the item banks can readily discriminate patient and control 
groups, but whether the item banks further differentiate among 
specific sleep disorders, such as chronic insomnia versus ob-
structive sleep apnea, remains to be determined. Our data also 
suggest that the sleep disturbance and SRI item banks may well 
be sensitive to treatment, but this also requires further valida-
tion. The general nature of the sleep disturbance and SRI scales 
may be best suited to population studies or studies in medical 
or psychiatric conditions. In sleep research, they may provide 
useful metrics to allow comparisons across different samples 
or different sleep disorders and will likely be most useful when 

measurement context. The final PROMIS sleep disturbance 
and SRI item banks do not measure temporal aspects or quan-
titative aspects of sleep, as do sleep diares,22,23,69 nor do they 
measure symptoms of specific sleep disorders, as do other in-
struments.24-35 Rather, the PROMIS sleep disturbance and SRI 
item banks quantify unidimensional latent constructs related to 
qualitative aspects of sleep and daytime impairment related to 
sleep. To use an analogy, the PROMIS item banks should be 
considered as a sleep “thermometer” that assess the degree of 
general disturbance irrespective of possible underlying causes, 
in keeping with the PROMIS Initiative’s goals of broad-based 
health-status measurement. The final content of the sleep dis-
turbance item bank includes many insomnia-like items, and the 
SRI item bank includes items related to SRI, including sleepi-
ness, fatigue, and cognitive difficulties. These content areas 
reflect the major dimensions of sleep-wake function identified 
psychometrically in a large sample of respondents, rather than 
any intent to develop insomnia or daytime impairment instru-
ments.

The notion of 2 broad factors that describe sleep disturbanc-
es and SRI is intuitively appealing and is supported by other 
qualitative and psychometric evidence. The categorical struc-
ture of sleep-wake characteristics and problems derived from 
our focus groups included 2 broad categories corresponding to 
sleep quality or disturbances and wake quality or disturbances. 
As previously noted, the PSQI and ESS, which assess compos-
ite sleep quality and daytime tendency to doze, are currently 
the 2 most widely cited sleep scales. Recent empiric evidence 
confirms that the PSQI and ESS are essentially uncorrelated 
with each other and relate in different ways to other self-report 
measures of mood and stress.70 Factor analysis of the PSQI 
also clearly distinguishes sleep and waking symptoms.42 Other 
self-report measures, ranging from the Sleep Wake Activity In-
ventory71 to more recently developed scales,72 have also iden-
tified sleep symptoms and sleep-related waking symptoms as 
the dominant factors. Thus, the convergence of various types 
of evidence suggests that broad categories of sleep disturbance 
and SRI are both clinically salient and psychometrically robust. 

Although the sleep disturbance and SRI item banks are simi-
lar in intent to the PSQI and ESS, they are very different in 
form. The final sleep disturbance and SRI item banks correlated 
in expected ways with these 2 commonly used scales, but the 
SRI-ESS correlation was smaller in magnitude than the sleep 
disturbance-PSQI correlation. This may be explained by the 
item-selection process for the SRI item bank. Items used clini-
cally to assess daytime sleepiness (e.g., S5: I fell asleep when 
I did not mean to; S8: I fell asleep in public places; S9: I felt 
sleepy when driving; S23: I napped) were excluded from the 
final SRI item bank because the most extreme responses were 
endorsed rarely or they provided little overall information rela-
tive to the entire SRI item bank. The content assessed by these 
excluded items resembles ESS content. Indeed, the correlation 
coefficient between θ scores on these 4 excluded items and the 
ESS was 0.65, versus the SRI-ESS correlation coefficient of 
0.45. These 4 items may be appropriate for further testing in 
clinical samples of patients who have more severe sleep dis-
orders. Analyses of convergent validity with other commonly 
used scales such as the Insomnia Severity Index31 will be useful 
in future studies.
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by rapid data acquisition, and demonstration of the feasibility 
of Internet data collection, and the practicalities of studying a 
large initial calibration sample. Finally, the present calibration 
will be a springboard for further work to determine whether 
age, sex, or other respondent characteristics lead to different 
item functioning.77

In conclusion, the development and calibration of the PRO-
MIS sleep disturbance and SRI item banks using CTT and IRT 
methods supports their validity. These item banks will permit 
researchers and clinicians to assess and integrate qualitative 
aspects of sleep and SRI with other PROMIS measures, in a 
variety of clinical and research samples and settings, and across 
a variety of health conditions.
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combined with disease-specific measures. The sleep distur-
bance and SRI item banks may also be useful for epidemiologic 
studies, in that fixed short forms or computerized adaptive test-
ing administration would provide high measurement precision 
with minimal respondent burden. IRT calibration makes it pos-
sible and feasible to select items that best capture the intended 
severity range of the sample being assessed. Another potential 
application of the sleep disturbance and SRI item banks is 
to administer them concurrently with PROMIS measures of 
emotional distress, fatigue, pain, physical function, and other 
health-related constructs to form a broad health profile.

Scoring of IRT-calibrated item banks differs from scoring 
conventional self-report scales derived by CTT, which typi-
cally sum the fixed values corresponding to each response for 
each question. Scoring of CTT-derived scales requires admin-
istration of the entire scale and may result in ambiguity. For in-
stance, a score of 14 on the ESS can result from many different 
combinations of responses to the 8 individual items of the scale, 
not all of which are equivalent in severity. The benefit of IRT-
derived scoring is that it provides a precise estimate for each 
individual based on his or her specific pattern of item responses, 
and it permits the use of efficient administration methods such 
as computerized adaptive testing. IRT scoring uses computer 
programs such as MULTILOG to estimate an individual’s θ 
value based on his or her response patterns in conjunction with 
item-parameter values. For this reason, however, IRT-based 
item banks such as sleep disturbance and SRI are most effi-
ciently administered via computer interface with direct data 
entry and scoring, which may prove difficult in some research 
and clinical settings. A fully functional online data-collection 
and scoring program for the sleep disturbance and SRI item 
banks is available at PROMIS Assessment Center http://www.
assessmentcenter.net/ac1/. Moreover, static sleep-disturbance 
and SRI short forms can be administered in simpler formats, 
including pencil and paper. In this case, the individual items for 
a respondent can be summed, and the corresponding θ scores or 
T-scores can be estimated from a nonlinear transformation con-
tained in a conversion table. Sleep disturbance and SRI short 
forms and computerized adaptive testing simulations will be 
described in a subsequent manuscript.

We acknowledge several limitations of the current work. 
First, the aims of our study led us to develop item banks that 
would be useful for assessing sleep and wake function in mul-
tiple contexts and health conditions. Conversely, our item 
banks may prove less useful for assessing the symptoms of 
any specific sleep-wake disorder. Second, these item banks do 
not include items assessing sleep quantities and clock times. 
The place of such information in sleep-wake measurements 
remains unsettled. Third, our initial studies did not include 
some common components of validation and psychometric 
analysis, such as test-retest reliability, sensitivity and specific-
ity for identifying individuals with sleep-wake disorders, or 
responsiveness to change. This was related to our goal of de-
veloping dimensional measures of sleep-wake function, rather 
than disease- or treatment-specific measures, but such analy-
ses will be valuable components of further validation studies. 
Fourth, the majority of our test sample consisted of an Internet 
panel and was characterized in less detail than many samples 
used in validation studies. However, this limitation was offset 
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