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Abstract

Objectives The objectives of the present study are to
investigate the precision of static (fixed-length) short forms
versus computerized adaptive testing (CAT) administra-
tion, response pattern scoring versus summed score con-
version, and test—retest reliability (stability) of the Patient-
Reported Outcomes Measurement Information System
(PROMIS®) pediatric self-report scales measuring the
latent constructs of depressive symptoms, anxiety, anger,
pain interference, peer relationships, fatigue, mobility,
upper extremity functioning, and asthma impact with
polytomous items.
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Methods Participants (N = 331) between the ages of 8
and 17 were recruited from outpatient general pediatrics
and subspecialty clinics. Of the 331 participants, 137 were
diagnosed with asthma. Three scores based on item
response theory (IRT) were computed for each respondent:
CAT response pattern expected a posteriori estimates,
short-form response pattern expected a posteriori estimates,
and short-form summed score expected a posteriori esti-
mates. Scores were also compared between participants
with and without asthma. To examine test—retest reliability,
54 children were selected for retesting approximately
2 weeks after the first assessment.

Results A short CAT (maximum 12 items with a standard
error of 0.4) was found, on average, to be less precise than
the static short forms. The CAT appears to have limited
usefulness over and above what can be accomplished with
the existing static short forms (8—10 items). Stability of the
scale scores over a 2-week period was generally supported.
Conclusion The study provides further information on the
psychometric properties of the PROMIS pediatric scales
and extends the previous IRT analyses to include precision
estimates of dynamic versus static administration, test—
retest reliability, and validity of administration across
groups. Both the positive and negative aspects of using
CAT versus short forms are highlighted.
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Introduction

The Patient-Reported Outcomes Measurement Information
System (PROMIS®) is a National Institutes of Health
(NIH) initiative created to advance the assessment of
patient-reported outcomes (PROs) in chronic diseases.
Items are evaluated using item response theory (IRT) to
derive item banks with scores that are theoretically reliable
and valid along the full spectrum of the latent trait [1]. A
primary objective is to develop item banks and computer-
ized adaptive testing (CAT) potentially applicable across a
variety of chronic disorders [2]. An additional objective has
been to develop multiple unidimensional static (fixed-
length) short forms in addition to dynamic CAT adminis-
tration of the item banks.

During the past 10 years, the PROMIS Pediatric Coop-
erative Group has developed pediatric self-report item
banks with polytomous items for ages 8—17 years across
five generic health domains (physical functioning, pain,
fatigue, emotional health, and social health) consistent with
the larger PROMIS network [3]. It was anticipated that
measures of these five generic health domains would be
applicable across pediatric chronic health conditions, so
generic or non-disease-specific scales were developed
[4-10]. These five generic health domains have thus far
been further delineated into the eight latent constructs of
depressive symptoms, anxiety, anger, pain interference,
peer relationships, fatigue, mobility, and upper extremity
functioning [4-10]. An asthma-specific measure has also
been created [11, 12].

The items were initially developed through an extensive
review of the literature, expert review, and qualita-
tive methods (focus groups and cognitive interviewing)
[13, 14]. Subsequent quantitative methods utilized IRT
procedures to develop item banks on a common metric
with polytomous items, minimizing local dependence of
items and differential item functioning, in addition to cre-
ating unidimensional static (fixed-length) short forms of
the latent constructs [4—11]. All of the static short forms
created consist of 8 items, except for fatigue (10 items) and
anger (6 items). However, to date, the precision of different
administration and scoring methods (static short forms
versus CAT) and test—retest reliability (stability) have not
been reported for these PROMIS pediatric self-report
scales.

Consequently, the objectives of the present study are to
investigate the precision of different scoring and adminis-
tration options, including the measurement properties of
static short forms versus dynamic CAT administration of
the item banks and response pattern scoring versus summed
score conversion. We also evaluated the test-retest reli-
ability of these recently developed PROMIS pediatric
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scales measuring the nine latent constructs of depressive
symptoms, anxiety, anger, pain interference, peer rela-
tionships, fatigue, mobility, upper extremity functioning,
and asthma impact.

Method
Data collection

Participants (N = 331) were recruited between September
2009 and March 2010 from outpatient general pediatrics
and subspecialty clinics of two public universities in North
Carolina (N = 267) and Texas (N = 64). To be eligible for
the study, participants had to be between the ages of 8 and
17; able to speak and read English; and have the ability to
interact with a computer screen, keyboard, and mouse.
Children were excluded from the study if the researcher
determined they had a medical or psychiatric condition that
precluded participation or a cognitive or other impairment
that would interfere with completing the survey. Children
with asthma comprised approximately 40 % of the sample
(N = 137). Children’s asthma status was self-reported by
their parents or caregivers. To be considered, children had
to receive a physician diagnosis of asthma and to be using
asthma medication at the time of the study.

Research assistants approached parents of children
between the ages of 8 and 17. In addition, informational
recruitment fliers, brochures, and a study poster were
placed in clinic waiting rooms. Researchers provided a
brief explanation of the study, and if the participant was
willing and eligible to participate, administered consent
and assent forms.

All participants completed the majority of the survey on
a computer. Surveys were usually completed before and/or
after the child’s clinic visit; however, an appointment could
also be scheduled for another time if the participant pre-
ferred. Parents were asked to answer a few demographic
items and for the asthma sample, questions about their
children’s asthma status. Children with asthma completed
the Asthma Control Test [15, 16] and the Pediatric Asthma
Quality of Life Questionnaire [17] on paper while their
parent answered the computer-based questions. Then, the
child completed the remainder of the survey (i.e., all
PROMIS items) on the computer. It took participants
approximately 15-30 min to complete the survey, and they
received a gift card for participation.

To examine test—retest reliability (stability), a subset of
the children (N = 130) were invited for retesting. Par-
ticipation in the follow-up study was not required, and a
target sample size of approximately 50 was set, after
which recruitment was discontinued. Fifty-four children
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completed a second assessment (Time 2) approximately
2 weeks after the first assessment (Time 1). Children were
ineligible to participate in the follow-up if they were
experiencing an acute illness at enrollment. Research
assistants contacted parents of eligible children by phone to
initiate the follow-up. If children were not sick at the time
of the follow-up phone call, they were asked to complete
the online survey by accessing it from their home
computers.

Domains and items

All children responded to items from eight of the PROMIS
pediatric scales: depressive symptoms, anxiety, anger, pain
interference, peer relationships, fatigue, mobility, and
upper extremity. In addition, the asthma impact scale was
administered to children with asthma. All items used a
7-day recall period and one of the two sets of standardized
5-point response options: never, almost never, sometimes,
often, and almost always, for all scales except the physical
functioning scales (mobility and upper extremity); with no
trouble, with a little trouble, with some trouble, with a lot
of trouble, not able to do for the latter scales. The scoring
directions of all scales are suggested by their names; higher
scores on peer relations, mobility, and upper extremity
indicate better functioning, whereas higher scores on
depressive symptoms, anxiety, anger, pain interference,
fatigue, and asthma indicate poorer functioning.

Administration and scoring

Because one goal of this study was to compare the results
obtained with fixed or static short forms with results from
CAT administration, item administration was arranged so
that the participants received both short form and CAT
scores. This was accomplished by administering the CAT
first; then any items on the recommended short forms that
had not been included in the child’s adaptive test were
administered as well. Thus, for each measure, the partici-
pants first answered the items that were administered using
CAT, and then they were also administered all of the items
on the previously published static short forms. If they were
administered one of the short-form items as part of the
CAT, they were not administered this item again, but their
response to this item was used to create both their CAT and
short-form scores. All short forms contained 8 items,
except fatigue (10) and anger (6), in the published static
short forms [4-11].

The CAT was administered using the PROMIS
Assessment Center software [18], with maximum posterior
weighted information item selection, and stopped when the
posterior standard deviation dropped below 0.4 standard
units; the CAT administered a minimum of 5 and a

maximum of 12 items. Short forms were those recom-
mended in the original development of the scales [4—11].
There was no CAT for the anger scale, because that bank
only has six items, all of which were administered as its
short form [8]. The second test administration for the retest
sample had the same structure as the first; the CAT was
completed first, followed by items to complete the short
form for each domain.

Three scores based on IRT were computed for each
respondent: CAT response pattern expected a posteriori
(CATuEAP) estimates, short-form response pattern
expected a posteriori (SFUEAP) estimates, and short-form
summed score expected a posteriori (SFXEAP) estimates;
all are estimates of the latent domain score (see [19] for the
IRT scoring algorithms).

Statistical and psychometric analysis plan

The precision of the three types of scores was examined
using the posterior standard deviations that are reported as
the standard errors of measurement of the scores and root
mean square errors (RMSE), the square root of the average
error variance across all participants. These values were
examined graphically to determine how the precision var-
ied at different levels of the latent construct.

To check the extent to which the CAT system admin-
istered fewer or more items than are on the short forms, the
distribution of CAT test lengths was summarized with
descriptive statistics. The overlap of item administration
between the CAT system and the short forms was inves-
tigated by computing the proportions of CAT items that
were also short-form items, and the proportion of short-
form items administered by the CAT system.

Test—retest reliability was assessed by computing the
correlations between scores from Time 1 and Time 2 for all
three scoring methods for the nine PROMIS pediatric
domains. For comparison, simulation was used to compute
an IRT analog to classical internal consistency reliability.
There are several approximate methods to estimate reli-
ability for scales built with IRT [20]; however, a method
more straightforward than any formula is to simulate item
response data and compute the squared correlation of the
IRT score estimates with the generating values of the
underlying score. That was done for these scales, using
simulation sample sizes of 30,000.

Correlations between CAT and short-form scores were
computed for the Time 1 forms to investigate their com-
parability. Relationships among the nine scales were
examined by computing correlation coefficients among the
scores. Group differences analyses using ¢ statistics for the
comparison of children diagnosed with asthma versus the
other children were computed as standardized effect size
estimates, for the three scoring methods, to investigate
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Table 1 Participant demographics

Child demographics Full sample  Children with asthma  Children without asthma Comparison of groups with and without asthma
N =331 N =137 N =194 t statistic Sig®
n (%) n (%) n (%)

Child’s gender

Female 170 (51.4) 65 (47.4) 105 (54.1) 1.20 NS
Child’s age (years)
8-12 184 (55.6) 81 (59.1) 103 (53.1)
13-17 147 (44.4) 56 (40.9) 91 (46.9)
Age (M, SD) 12.13 (2.62) 12.04 (2.62) 12.19 (2.62) 0.50 NS
Child’s race
White or Caucasian 162 (48.9) 58 (42.3) 104 (53.6) 2.03 0.04
Black or African-American 130 (39.3) 63 (46.0) 67 (34.5) 2.09 0.04
Asian 8(2.4) 2 (1.5) 6 (3.1) 0.95 NS
Multiple races 5(1.5) 2 (1.5) 3(1.5) 0.06 NS
Other 22 (6.6) 9 (6.6) 13 (6.7) 0.05 NS
Not provided 4 (1.2) 322 1(.5)
Child’s ethnicity
Hispanic 35 (10.6) 21 (15.3) 14 (7.2) 2.25 0.03
Not provided 22 (6.6) 12 (8.8) 10 (5.2)
Child’s history of other health problems
None 146 (44.1) 55 (40.1) 91 (46.9)
1 Health problem 119 (36.0) 47 (34.3) 72 (37.1)
>2 Health problem 64 (19.3) 33 (24.1) 31 (16.0)
Missing 2 (0.6) 2 (1.5) 0
Number of other health problems (M, SD)  0.85 (0.99)  0.99 (1.14) 0.75 (.87) 221 0.03
Most common other health problems®
ADHD 73 (22.1) 34 (24.8) 39 (20.1) 0.94 NS
Epilepsy or other seizure disorder 14 (4.2) 5(3.6) 9 (4.6) 0.43 NS
Intestinal disorder 15 4.5) 4 (2.9) 11 (5.7) 1.26 NS
Overweight 46 (13.9) 24 (17.5) 22 (11.3) 1.50 NS
Premature birth 34 (10.3) 17 (12.4) 17 (8.8) 1.19 NS
Mental health disorders 33 (10.0) 16 (11.7) 17 (8.8) 0.82 NS
Rheumatic disease 11 (3.3) 53.6) 6 (3.1 0.25 NS
Asthma sample only®
Good asthma control 78 (56.9)
Poor asthma control 59 (43.1)
Guardian’s relationship to the child
Mother or stepmother 275 (83.1) 109 (79.6) 166 (85.6) 1.27 NS
Father or stepfather 36 (10.9) 14 (10.2) 22 (11.3) 0.30 NS
Grandparent 13 (3.9 8 (5.8) 5(2.6) 1.42 NS
Guardian or other 6 (1.9 5@3.6) 1 (0.5) 1.86 NS
Missing 1(0.3) 1(0.7) 0
Guardian education level
<8th grade or some high school 31 (9.4) 13 (9.5) 18 (9.3) 0.07 NS
High school degree/GED 68 (20.5) 29 (21.2) 39 (20.1) 0.25 NS
Some college/technical degree 122 (36.9) 50 (36.5) 72 (37.1) 0.10 NS
College or advanced degree 108 (32.6) 44 (32.1) 64 (33.0) 0.15 NS
Missing 2 (0.6) 1(0.7) 1 (0.5)

NS not significant (p value was greater than 0.10)
“ Parents reported more than 1 condition for some children; there were many other conditions reported in lower frequency (<3 %) than the conditions listed
® Asthma control measured by the asthma control test

¢ Independent samples ¢ tests
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whether one scoring method might be more responsive to
group differences than others.

Results
Participants

A total of 331 children were recruited and administered the
questionnaires at Time 1. Of these 331 children, 137 were
diagnosed with asthma. Table 1 describes the background
characteristics of the study participants.

Of the final study sample, a slight majority were female
(n =170, 51.4 %) and between the ages of 8-—12 years
(n = 184, 55.6 %), with an average age of 12.1. The
largest racial group was White (n = 162, 48.9 %), with
representative numbers from Black (n = 130, 39.3 %) and
Hispanic (n = 35, 10.6 %) participants. The asthma and
non-asthma groups did not differ in gender or age. How-
ever, the proportions of African-American and Hispanic
participants were higher in the asthma group (p = 0.04 and
0.03, respectively).

The majority of guardians who completed the demo-
graphic items were the children’s parents (n = 311,
94.0 %), with most of these being the child’s mother
(n = 275, 83.1 %). Most of the parents had either some
college education (n = 122, 36.9 %) or a college or
advanced degree (n = 108, 32.6 %). Majority of children
(n = 185, 55.9 %) were described by their parents as
having health problems other than or in addition to asthma.
The most commonly reported other health problems were
attention deficit disorder (n = 73, 22.1 %), being over-
weight (n = 46, 13.9 %), being born prematurely (n = 34,
10.3 %), and mental health disorders (n = 33, 10.0 %). On
average, children with asthma experienced more additional
health problems (0.99 compared to 0.75 for children
without asthma, p = 0.03). However, there were no sig-
nificant differences in the numbers experiencing the most
common other health problems.

Score distributions

Figure 1 displays histograms of the CAT and short-form
scores across all nine domains. Several results are clear
from Fig. 1. First, all scoring distributions are roughly the
same for the three types of scores within each domain. The
two types of scores based on the short forms (response
pattern EAPs and summed score EAPs) are most similar;
this is to be expected, because these scores are computed
from the same responses. Second, all domains show either
a floor or ceiling effect. Domains in which higher scores
indicate higher functioning (peer relations, mobility, and

upper extremity) display a ceiling, whereas domains in
which higher scores indicate lower functioning have a
floor. Third, the adaptive nature of the CAT is evident from
the histograms. The score range tends to be greater for the
CAT than the short forms; this is because an adaptive test is
better able to measure the functioning of people falling at
the low or high ends of the scale. Using the short forms,
frequencies are more likely to accumulate at the maximum
(or minimum) scores, whereas using the CAT allows for
more nuanced measurement at the extreme ends of the
scale.

Short form versus CAT scores

Correlations between CAT and the fixed-length short-form
scores were computed from the Time 1 data (see Table 2).
All correlations were very high. As expected, the short-
form scores were more highly correlated with each other
than they were with the CAT scores, but all correlations
exceed 0.93.

Precision of measurement

Figure 2 shows the IRT standard errors for each of the
three types of scores plotted against the scores. RMSE (the
square root of the average squared standard errors) is
shown in the lower right hand corner of each plot. RMSE
for summed score EAPs is only slightly greater than that
for the response pattern EAPs, indicating that minimal
precision is lost in using the summed score EAPs for the
short form.

In the middle range of the latent constructs, the standard
errors for the CAT scores are greater than those for the
summed score and response pattern EAPs for the short
forms. This is due to the stopping rule of the CAT, which
meant that very few items were administered to people
falling in this mid-range. However, at the extremes of some
scales, the CAT standard errors drop below the short-form
scores, indicating that the CAT has adapted to the partic-
ipant’s level on the latent construct and provided slightly
more precise measurement for people scoring at the high or
low ends.

Items administered by the CAT system

Table 3 describes the item selection of the CATs relative to
the short forms in more detail. The first four columns of
Table 3 summarize the numbers of items administered by
the CAT system. The minimum number of items was
usually 5, as prescribed (there was one participant who
only completed 4 items, for pain interference), and the
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Fig. 1 Histograms from CAT response pattern EAP scores (solid outline), short-form response pattern EAP scores (outline with short dashes),

and short-form summed score EAP scores (outline with long dashes)

Table 2 Correlations between CAT scores and (alternative) short-
form scores

Scale CATuEAP— CATuEAP— SFuEAP—
SFuEAP SFxEAP SFXEAP
Depressive symptoms  0.98 0.98 1.00
Anxiety 0.98 0.98 1.00
Anger - - 0.99
Pain interference 0.98 0.97 1.00
Peer relationships 0.95 0.95 0.99
Fatigue 0.98 0.97 1.00
Upper extremity 0.95 0.93 0.99
Mobility 0.95 0.94 0.99
Asthma impact 0.98 0.96 0.99

maximum was always the upper limit, 12 items. The range
of average CAT length was 6.2-10.7 items, so on average
the CAT administered about the same number of items as
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are on the short forms (8, except for the 10-item fatigue
short form).

However, for most scales, the distribution of CAT
lengths was distinctly bimodal, as shown in columns five
and six of Table 3 that list the proportions of CATs that
were 5 or 12 items long; for all scales except fatigue, CATs
of minimum and maximum length account for the majority
of the administrations. Either the CAT system achieved the
precision of a standard error lower than 4 points on the
T score scale in 5 items and stopped, or it administered the
maximum number of items (12) without obtaining a score
of that level of precision.

The next eight columns of Table 3 show the minimum,
maximum, mean, and standard deviation of the proportion
of CAT-administered items that were also on the short
forms, and then the proportion of short-form items
administered by the CAT system. The former, on average,
ranges from 0.67 to 0.93, meaning that most CAT-
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Fig. 2 IRT standard errors across scores, and RMSE, for CAT response pattern EAP scores (light gray dots), short-form response pattern EAP
scores (black dots), and short-form summed score EAP scores (gray open circles)

administered items were short-form items; and the latter,
on average, ranges from 0.66 to 0.88, meaning that the
CAT system often administered a fraction of the short
form.

The rightmost column of Table 3 lists the proportions of
CAT administrations that were exactly subsets of the short
forms. That happened often, more than half of the admin-
istrations for depressive symptoms, pain interference,
fatigue, and asthma impact. When the CAT is a subset of
the short form, the CAT score is necessarily less precise
than the short-form score; this explains why the RMSE
values for CAT scores for those scales are larger than those
for the short forms.

At the other extreme, for upper extremity functioning,
the CAT was rarely a subset of the short form (0.07 of the
administrations), but it most often administered the maxi-
mum number of items (0.74 of the administrations). So for
upper extremity, the CAT provided more precise mea-
surement, but it did so by becoming (selectively) longer
than the short form to measure in the higher score range
(see Fig. 1). The mobility scale behaved similarly, but not
so extremely. That is, for mobility, the CAT was slightly
longer than the short form and administered the maximum
number of items to a fairly high proportion of participants
(0.42) compared to other domains, but not as high as the
upper extremity scale.
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Table 3 Numbers of items administered by the CAT system and overlap with the short forms (SF)

Scale CAT length Prop. CATS Proportion of CAT items Proportion of SF items Subset
of length that were also on the SF administered by the CAT
Min. Max. M SD 5 12 Min. Max. M SD Min. Max. M SD
Depressive symptoms 5 12 7.1 29 054 023 058 1.0 0.89 0.17 063 1.0 074 0.13 0.69
Anxiety 5 12 81 27 024 026 056 1.0 0.84 0.14 050 1.0 0.82 0.18 0.38
Pain interference 4 12 64 26 071 016 050 1.0 093 0.13 050 1.0 071 0.15 0.78
Peer relationships 5 12 76 29 043 023 050 1.0 0.82 0.13 038 1.0 075 021 0.26
Fatigue 5 12 81 24 0.3 018 055 1.0 0.88 0.16 050 1.0 0.68 0.12 0.59
Upper extremity 5 12 107 25 009 074 020 1.0 0.67 0.13 013 1.0 0.88 0.18 0.07
Mobility 5 12 83 33 046 042 045 10 075 023 050 1.0 0.68 0.08 0.40
Asthma impact 5 12 62 25 076 014 055 1.0 092 0.15 050 1.0 0.66 0.10 0.76

The anxiety and peer relationships scales illustrate
another pattern: The CAT system adapted to measure the
lower/upper ranges of the score range more precisely, but
that was more than counterbalanced by less precision for
the shorter CATs in the middle of the range, so in aggre-
gate the short form outperformed the CAT in precision.

Test-retest reliability

Fifty-four participants completed the 2-week follow-up
survey. Twenty-three of the 54 retested children were from
the asthma group. The time interval between completion of
the first assessment and 2 week follow-up survey ranged
from 11 to 17 days, with a mean of 14.9 days (SD = 2.06).

The group of children who completed the follow-up
survey was compared to the children who were initially
invited but did not complete the follow-up. No significant
differences were found between the two groups in child
gender, ¥ (1, N = 130) = 2.47, p = 0.12; race, 7> (2,
N = 127) = 2.84, p = 0.24; ethnicity, ;{2 (1,
N = 120) = 1.17, p = 0.28; or age, t = 1.50, p = 0.14.

As a measure of test—retest reliability, correlations were
computed for the short-form scores and CAT scores
between Time 1 and Time 2 (see Table 4). Test-retest
correlations were generally high, between 0.7 and 0.8 for
the depressive symptoms, anxiety, peer relationships, fati-
gue, and asthma impact scales. Stability was slightly lower
for the physical functioning scales (upper extremity and
mobility), with correlations around 0.7, and lower yet for
the pain interference and anger scores, with correlations
around 0.6.

Test-retest reliability was also compared with internal
consistency reliability, calculated using IRT simulation-
based reliability for the two short-form scores. While test—
retest measures reliability within items across time, internal
consistency measures reliability across items within time.
Table 4 also shows the internal consistency reliability
coefficients. Internal consistency was generally higher than
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test-retest reliability, with the exception of upper extremity
functioning for which test-retest reliability was higher.

Domain correlations

Correlations across scales were calculated using the short-
form response pattern scores (see Table 5).

Group difference

Table 6 shows the standardized effect size estimates and
t statistics for the comparison of children diagnosed with
asthma versus the non-asthma groups, for the three scoring
methods. For this comparison, the only significant differ-
ence between the groups is for the mobility score; for the
SFuEAPs, the average mobility scores were 46.9
(SD = 8.3) for the asthma group and 50.0 (D = 8.5) for
the others. The effect sizes are generally similar for all of
the between-group comparisons, again indicating that the
scoring method makes little difference.

Discussion

This study demonstrates that scores on the PROMIS
pediatric measures are highly correlated regardless of the
scoring or administration technique (CAT versus static
short forms, response pattern versus summed score con-
version). It is especially notable that the correlations
between response pattern scores and summed score con-
versions are either 0.99 or round to 1.00 to two decimal
places, indicating that very little loss of information occurs
when the convenient summed score calculations are used.
This facilitates the ability to score these PROMIS pediatric
short-form scales administered on paper or in systems other
than Assessment Center since IRT software is not neces-
sary for scoring these scales. It is important to note, how-
ever, that there was item overlap between the static and
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::;)ltzS‘:_rlel‘i:;rtﬂflellfa(gillsilts;eﬂcy Scale Internal consistency Test-retest reliability
SFuEAP SFXEAP SFXEAP SFuEAP CATuEAP
Depressive symptoms 0.86 0.85 0.76 0.76 0.77
Anxiety 0.84 0.83 0.75 0.74 0.74
Anger 0.81 0.79 0.64 0.54 -
Pain interference 0.88 0.87 0.62 0.66 0.65
Peer relationships 0.84 0.83 0.76 0.81 0.67
Fatigue 0.87 0.87 0.76 0.76 0.80
Upper extremity 0.63 0.62 0.66 0.71 0.71
Mobility 0.74 0.73 0.77 0.73 0.72
Asthma impact 0.90 0.89 0.82 0.81 0.76
g;:’li)eui dsssifglzfgi?gﬁiuons Scale Dep.  Anxiety Anger Pain  Peer  Fatigue Upper Mobility Asthma
response pattern scores symp. Int. Rel. extrem. impact
Depressive 1.00
symptoms
Anxiety 0.72 1.00
Anger 0.71 0.70 1.00
Pain interference 0.47 0.49 0.51 1.00
Peer relationships -035 —-028 —0.24 -0.20 1.00
Fatigue 057 057 057 059 -0.19 1.00
Upper extremity —-0.37 —-0.39 —-0.27 —-044 0.19 -0.32 1.00
Mobility —-044 -042 —-040 -0.58 023 —-0.57 0.44 1.00
Asthma impact 0.41 0.58 047 061 -0.12 068 —0.35 —0.60 1.00
:;;’leesgmselii‘;‘i(*g;g)zeaigffeCt Scale SFXEAP SFuEAP CATuEAP
t statistics for the comparison of Eff. p Eff t p Eff t p
children diagnosed with asthma
versus the others, for the three Depressive symptoms  —0.04  —0.34 0.74 —-0.04 -0.33 0.74 —-0.03 —-0.30 0.77
scoring methods Anxiety 001 007 094 002 016 087 -004 —031 076
Anger —-0.07 —0.58 0.56 —-0.07 —-0.62 053 - - -
Pain interference —-0.07 —-0.61 0.54 —-0.06 -0.6 0.55 —0.04 —-0.42 0.67
Peer relationships —-0.08 —0.72 048 —0.07 —-0.68 0.50 —-0.02 -0.23 0.82
Fatigue —-0.10 —0.85 040 —-0.14 —1.31 0.19 —10 —0.90 0.37
Upper extremity —-0.06 —0.50 0.62 —-0.10 -0.79 043 —-0.06 —0.52 0.60
Mobility 0.38 341 <0.01 0.37 330 <0.01 034 3.00 <0.01

Anger has no CAT

adaptive forms. Items were not administered more than
once to a child; the child’s response to an item on the CAT
was used in computing the short-form scores. Therefore,
high correlation between the two static forms and the CAT
is to be expected.

The patterns of measurement precision of the nine scales
were very much as expected from the IRT analyses used in
the original construction of the scales [4—11]. All of the
measures, to a greater or lesser extent, provide more pre-
cise measurement on the less-healthy side of the latent
continua they measure. It should be noted that for

measurement instruments intended for use with patients
with chronic health conditions, less precision at the healthy
or less severe end of the latent trait spectrum may not be
problematic [21].

This study was conducted to determine how well mea-
sures would perform if the CAT was designed to be short.
We found that if we shortened the CAT to a 12 item
maximum with a standard error of 0.4, across most
domains it was not as precise as the static short form. These
CAT parameters had limited usefulness over and above
what was accomplished with the static short forms (8—10
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items in this case). For the physical functioning scales,
upper extremity and mobility, the CAT system provided
greater precision compared to short-form scores (as mea-
sured in aggregate by RMSE), but at the expense of longer
tests (more items than the short forms). This result occurred
because the precision associated with a CAT stopping
criterion of a standard error of 4 is greater than could be
achieved given the average levels of precision for the short
forms. For the other scales, the short-form scores outper-
formed the CAT system on the average, although the CAT
provided slightly more precise measurement at one end of
the scale or the other. It should be noted that it is often the
case that CAT administration outperforms static short
forms in adults [21, 22]. For example, in adults, polytom-
ous item CAT has demonstrated better precision than static
short forms in measuring fatigue, but the short forms also
demonstrated good precision for most participants [23] and
have been found in a measure of depressive symptoms to
perform only marginally worse than CAT [22]. Whether
CAT would have performed better than the static short
forms if a greater number of items had been dynamically
administered was not the objective of the present study
since we were primarily concerned with reducing partici-
pant burden by testing a short CAT versus static short
forms. It is quite possible that CAT would have performed
equally to or better than the static short forms if the CAT
parameters were adjusted to administer more items (or a
stopping rule at a more precise level). In this study, we
were unable to test this hypothesis. Future research should
investigate how the CAT algorithm might be improved. For
example, the SE cut point could be lowered, which most
likely would result in the administration of more items in
the middle range of the latent trait and increase precision.
Additionally, the total number of items administered at the
extremes of the measurement continuum could be lowered
in order to reduce respondent burden for some populations.

Although CAT administration has several notable
hypothesized advantages over static measurement instru-
ments, such as the potential for brief scales which may
reduce respondent burden and the possibility for greater
precision over the full range of the latent trait continuum,
unidimensional short forms also have several practical
advantages. For example, with paper and pencil adminis-
tration of short forms, the need for computer access for
participants is eliminated, and thus, the available admin-
istration options may be increased for some pediatric
populations. On the other hand, electronic administration is
often preferred since it potentially reduces data entry errors
and youth are quite comfortable with computers and other
mobile devices [24]. In this case, both electronic admin-
istration of static short forms and CAT administration have
practical advantages over paper and pencil administration.
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The stability of the scale scores over a 2-week period
was very much in line with expectation, that is, there was
some variability in stability; with stability coefficients
lower than internal consistency reliability for all scales,
except for the upper extremity scale. The scale scores were
moderately correlated for the most part and show an
expected pattern of relationships with patients with asthma.

There are several limitations of this study, which sug-
gest future directions for the next generation of PROMIS
pediatric scale development. Specifically in this study, the
minimum number of items selected for the polytomous
CAT was 5 with a maximum of 12 items. This was a
decision made at the initiation of the present study, and
these analyses are thus limited by this earlier decision. On
average, the short forms outperformed the CAT because of
how the standard error stopping rule was set (at 0.4). While
this stopping rule increased the precision of the CAT, it
also effectively increased the minimum number of items
administered. Because the short forms have standard errors
lower than 0.4 for much of the measured continua, the CAT
was stopped before getting to a precision as good as the
short forms. Future studies should explore using different
cut points for the standard error stopping rule and changing
the minimum and maximum number of items CAT
administered when comparing static short forms to CAT
administration, as well as methods for the administration of
polytomous items such as a two-stage semi-adaptive test-
ing strategy [22]. A further potential limitation was that not
all participants selected for the test-retest reliability phase
completed the second administration, which may limit the
generalizability of the stability findings.

In conclusion, this study provides further support for the
psychometric properties of the PROMIS pediatric scales
and extends the previous IRT analyses [4—11] to include
the additional measurement properties of precision esti-
mates of dynamic versus static administration, test-retest
reliability, and validity of administration across groups.
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