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Abstract

Purpose—To examine the discriminant validity, test-retest reliability, administration time and
acceptability of the Pediatric Evaluation of Disability Inventory Computer Adaptive Test
(PEDICAT).

Method—A sample of 102 parents of children three through 20 years of age with (n=50) and
without (n=52) disabilities was recruited for this prospective field study. A sub-sample (n=25) also
completed the PEDI-CAT a second time within one month. Parents completed 15 questionsin
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each of the four PEDI-CAT domains (Daily Activities, Mobility, Social/Cognitive, Responsibility)
using alaptop computer. Following completion, parents were asked four questions as part of a
User Evaluation Survey.

Results—The PEDI-CAT was able to differentiate between groups of children with and without
disabilities based on parent responsesin all four domains. Test-retest reliability results were high
(1CC=0.96 -0.99) for al four domains. The mean time to complete 60-items for the full sample
(n=102) was 12.66 minutes (SD=4.47). Parents reported favorable reactions to the PEDI-CAT and
were especially enthusiastic about the new Responsibility domain.

Conclusions—The PEDI-CAT offersavalid and reliable assessment acceptable to parents.

Keywords
PEDI; computer adaptive test; validity; reliability

Introduction

The Pediatric Evaluation of Disability Inventory Computer Adaptive Test (PEDI-CAT) was
developed to respond to the need for an accurate and efficient functional measure with
content for children and youth in multiple functional content areas. The new PEDI-CAT
measures function in the three domains of Daily Activities, Mobility and Social/Cognitive
for infants, children and youth from birth through 20 years of age. In addition, the PEDI-
CAT's Responsihility domain measures the extent to which the caregiver or child takes
responsibility for managing complex, multi-step life tasks. The PEDI-CAT can be used
across al patient diagnoses, conditions and community settings [1].

The PEDI-CAT is based on the original paper-pencil Pediatric Evaluation of Disability
Inventory (PEDI) [2,3]. The process for adapting the original PEDI to a PEDI-CAT began
with the development of an item bank for an extended age range and developing arevised
response scale from a two-point (unable/capable) scale to afour-point difficulty scale. In
addition, the original PEDI's Caregiver Assistance Scale was replaced with a‘ Responsibility
Scale'. Each of the four PEDI-CAT domains (Daily Activities, Mobility, Social/Cognitive
and Responsibility) is self-contained and can be used separately or in combination with the
other domains. Administered by parent report or by professional judgment of clinicians or
educators who are familiar with the child's performance in the relevant areas, the PEDI-CAT
software is programmed for administration on desktop and portable PCs, and for Internet
applications [1].

The PEDI-CAT provides an individualized and meaningful assessment for each child
because the computer algorithm, using Item Response Theory statistical models, chooses
which items are most appropriate and minimizes the number of items needed to ensure an
accurate score. For each domain, al respondents begin with the same item in the middle of
the scoring range and the response to that item then dictates which item will appear next (a
harder or easier item), thustailoring the items to the child and avoiding irrelevant items,
similar to the methods of an experienced clinician. With each new response, the score and
confidence interval are re-estimated and the CAT software determines whether the pre-set
stopping rule, the desired level of precision (e.g. within a standard error of 0.5 or a pre-set
number of items has been satisfied). If satisfied, the assessment of that domain ends and a
scoreis provided. If not satisfied, new items are administered until the stopping ruleis
satisfied [1]. The use of the CAT platform is expected to provide accurate and precise scores
efficiently and with reduced respondent burden due to the minimal number of items
administered [4].
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The psychometric properties, including validity and reliability [5-9] of the original PEDI [3]
and its many translated versions [10-15], have been well-documented. The study of the
psychometric properties of computer adaptive testing for assessing function in children and
youth has shown promising results in both prospective and simulated CAT studies including
good discriminant validity across groups based on levels of upper extremity and gross motor
function in children with cerebral palsy [16, 17], concurrent validity [16-19], test-retest
reliability [18, 19], efficiency [18, 20-23] and response burden [20, 21]. Asanew
assessment, the psychometric properties of the PEDI-CAT must be established for usersto
feel confident in its application to clinical practice and research. The objectives of this
prospective field study were to examine discriminant validity (the ability to discriminate
between children with and without disabilities); to assess test-retest reliability; to examine
administration time; and to examine parental feedback of the new PEDI-CAT.

Following Institutional Review Board (IRB) approval from the Boston University Medical
School, New England IRB, and Franciscan Hospital for Children (FHC), Boston, MA, USA,
parents of children three through 20 years of age, with and without disabilities, and who
were English-speaking were recruited viatelephone, posted flyers, and e-mail from personal
contacts and the inpatient, outpatient, day school and day care programs at FHC. A sample
of 102 parents met the inclusion criteria (50 parents of children with various types of
disabilities and 52 parents of children without a disability) and participated in this
prospective field study of the PEDICAT.

In addition, a 25% convenience sub-sample (n=25) of parent respondents of children with
(n=11) and without disabilities (n=14) completed the PEDI-CAT a second time within one
month of the first assessment to assess test-retest reliability for each of the PEDI-CAT's four
domains. A brief demographic form was completed to describe the parent respondents and
their children. No differences were found between the groups of parents of children with and
without disabilities or for the total sample when compared to the test-retest sample. Table 1
provides the demographic information of the total sample and test-retest sub-sample.

Instrumentation

The PEDI-CAT is acomprehensive clinical assessment that includes functional skills
acquired throughout infancy, childhood and adol escence up through the age of 20 years.
Each of the four PEDI-CAT domains (Daily Activities, Mohility, Social/Cognitive and
Responsibility) is independent and can be used separately or in combination with the other
domains. Items focus on the child's ability to perform each functional activity in a manner
that is effective given their abilities and challenges [24]. Items do not require the child to
perform the activity in a standardized manner for scoring.

During the development of the PEDI-CAT, the items and response scales were reviewed by
parents and national and international clinicians and researchers[24] who are users of the
original PEDI [3]. Based on this feedback, line drawings were created for each item in the
Self-care and Mobility domains. Cognitive interviewing (qualitative interviews to determine
whether or not respondents understand questions consistently, easily and as intended) was
conducted with parents before the items were finalized [24]. Content areas for each of the
PEDI-CAT domains, item examples and the corresponding response scales are presented in
table 2.

The PEDI-CAT provides normative scores (provided as age percentiles) so that clinicians
can interpret a particular child's functioning relative to others of the same age. Asin the
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original PEDI [3], criterion-based (scaled) scores are also available, for children not
expected to exhibit or regain normative levels of functioning [1]. Age percentilesfor the
PEDI-CAT are based on the normative standardization sample and are available for infants,
children and youth up to 21 years of age, while scaled scores are based on data from both the
normative and disability samples[1,2]. For this study, parent participants completed a forced
15-item per domain (Daily Activities, Mobility, Social/Cognitive, and Responsibility) CAT.
Although the number of items presented using a CAT can vary, administering a
predetermined number of items was chosen for this study based on previous work indicating
that 15 items provide an excellent score estimate [22, 23]. Of note, items from the Mobility-
Device content area were not used in this study as the data collection for calibration of these
items was ongoing simultaneously [1].

Parent participants completed the PEDI-CAT in the clinic or at their home using a portable
laptop computer. A study coordinator (a physical therapist) was present to answer any
questions. Following completion of the PEDI-CAT, the study coordinator asked participants
four questions as part of a User Evaluation Survey. Parent participants received an
honorarium in the form of a gift card for participating. Data were collected over afive-
month period in 2010.

Data Analysis

Results

To determine the ability of the PEDI-CAT to distinguish between known groups
(discriminant validity), we compared the mean PEDI-CAT scaled scores for the group of
children with disabilities (n=50) and the group of children without disabilities (n=52) for
each of the four domains using a two-sample independent means ¢ test. We also tested the
variance equivalence between the two groups using the Ftest. If the groups variances were
unequal, then the Satterthwaite's approximation [25] for the degrees of freedom to
approximate the ¢ statistic was used.

Intraclass correlation coefficients and 95% confidence intervals (ICC (3,1)) [26] were
calculated to assess agreement between test and retest scores for each domain. Assessment
administration time was evaluated by examining the time it took parent respondentsto
complete the 60-item (15-itemsin each of the four domains) PEDI-CAT. This was done
using the start and stop times of the PEDI-CAT program'sinternal clock and calculating a
mean and standard deviation. In addition, we compared the administration time for the group
of parents of children with disabilities with those parents of children without disabilities.
Lastly, we examined what percentage of participants completed the PEDI-CAT in less than
10, less than 15 and less than 20 minutes.

Parent respondent feedback regarding item-relevance, provision of meaningful information
about their own child, willingness to complete a CAT versus a full-length paper-pencil
assessment and interest in completing a CAT on-line was collected and summarized using
percentages. A Chi-square contingency table analysis was used to determine if the feedback
was different between the group of parents of children with disabilities and the group of
parents whose children did not have a disability.

The PEDI-CAT was able to differentiate between groups based on parent responses to items
in all four domains. Differences in mean scaled scores are presented in table 3. Figures 1-4
provides a plot of individual cases for each domain and illustrates the difference in scores
between children with and without disabilities relative to their age percentiles. In each of
these figures, the chronological age is displayed along the x-axis, and the summary scoreis
arranged along the y-axis.
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Re-tests were completed between seven and 30 days after the initial PEDI-CAT assessment.
The average number of days between the initial assessment and the re-test was 14.92
(SD=7.69). Test-retest reliability results were high for all four domains of the PEDI-CAT.
Intraclass correlation coefficients were lowest for the Responsibility domain (1CC=0.96,
95% C1=0.910.98) and highest for the Mobility domain (ICC=0.99, 95% CI=0.97-0.99).

The mean time to complete the full PEDI-CAT (15-items in each of the four domains) for
the full sample (n=102) was 12.66 minutes (SD=4.47). There was no significant difference
in mean time to complete the PEDI-CAT between parents of children without disabilities
(11.85 minutes) and parents of children with disabilities (14.61 minutes). The least amount
of time needed to complete the full PEDI-CAT was 3.96 minutes and the longest time was
26.68 minutes. Twenty-eight (28%) parents completed the PEDI-CAT in lessthan 10
minutes, 77 (76%) parents completed the PEDI-CAT in less than 15 minutes and 92 (90%)
of the 102 parents completed the PEDI-CAT in less than 20 minutes. The mean time for the
re-test sample to complete the PEDICAT a second time dropped dlightly to 12.26 minutes
(SD=4.65).

The majority of parent respondentsindicated that they would be willing to answer questions
about their child using a CAT versus a paper-pencil assessment. In addition, almost all
parents indicated that they felt they provided meaningful information about their child and
most parents were very enthusiastic about the content of the Responsibility domain. About
half of the total sample however, felt they were asked questions that were irrelevant for their
child and this percentage was significantly greater for parents of children with disabilities.

Discussion

The Pediatric Evaluation of Disability Inventory Computerized Adaptive Test was
developed to respond to the need for an accurate and efficient functional measure with
content for children and youth from birth up to 21 years of age in multiple functional content
areas[2]. The PEDICAT promises to be a major advance in the sophistication of assessment
tools available for measuring functional skillsin children and youth. A new technology such
asthe PEDI-CAT, must however, offer clear value to clinicians and researchersif it isto be
utilized. The objectives of this study were to examine discriminant validity, test-retest
reliability, administration time, and feasibility of the new PEDI-CAT.

Thisisthefirst prospective use of the new PEDI-CAT, though there have been previous
reports about the prospective use of the PEDI-MCAT, amultidimensional CAT combining
self-care and mobility [18,27,28]. In one prospective study, Mulcahey et al reported that the
PEDI-MCAT could detect expected differences between patient groupsin a study of 77
children who were seen by a spine surgeon during aroutine clinic visit for progressive spinal
deformity [18].

We found the PEDI-CAT equally able to discriminate between groups of children with and
without disabilitiesin this study in all four functional domains. Thisis particularly
encouraging in the Mobility domain as the number of children with more severe physical
disabilities was small. The reference curves in Figures 1-4 provide avisual representation of
the differences between groups and can be used in a clinic setting to facilitate discussion of
an individua child's strengths and functional deficits.

Parent respondents were asked to repeat the PEDI-CAT within one month to avoid the
likelihood of major changesin the child's development and functional skills that would then
have altered the stability of the scores We found the PEDI-CAT score estimates to be stable
over time with excellent test-retest reliability demonstrated by the ICC values. This finding
suggests that overall there is little measurement error when the PEDI-CAT is completed by
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the same respondent over a short period of time (within one month). Parent respondents also
were not informed of the score or their responses on the first administration so as to avoid
rater bias and testing effects. We were not surprised with this result as Mulcahey et al found
the PEDI-MCAT scores stable over atwo-week interval when the measure was compl eted
by parents of children with spinal impairments [18]. The test-retest reliability data have
direct implications for responsiveness and will be used in future work to calculate Minimal
Detectable Change (MDC) values for the PEDI-CAT.

While there was no significant difference in mean time to complete the PEDI-CAT between
parents of children without disabilities (11.85 minutes) and parents of children with
disabilities (14.61 minutes), it is noted that parents of children with disabilities, on average,
took longer. In addition, there was a wide range of time used by parents to complete the
CAT. With close examination of the times by case, we noted that all of the parents with
times greater than the average were those parents who completed the PEDI-CAT in aclinic
setting. These parents completed the CAT while waiting for a doctor or therapist and were
often interrupted by their child or other clinical service personnel. We also noted that some
parents needed assistance in using a laptop computer. Lastly, there were parents whose
completion time was longer than the average because they chose to engage in conversation
with the study coordinator who was present to answer questions related to the study. The
average time to complete the PEDI-CAT in this study was comparable to previous studies
[20,21] that examined administration time for early versions of the PEDI-CAT. Further
studies regarding administration time are warranted.

In a 2005 study examining respondent ratings of burden using a prototype PEDI-CAT
assessing mobility, more than 80% of parent respondents thought the paper-pencil version of
the original PEDI was more burdensome and less efficient than the CAT [20]. Similar
results were obtained in a 2008 study examining a prototype CAT of the self-care and social
function domains of the PEDI [21]. In this present study, while parents reported very
favorable reactions to the idea of a computer-adaptive test and the possibility of completing
the assessment on-line, parents also reported that there were some items that were irrelevant
to their child. We believe that some of this may be due to the use of the 15-item CAT,
meaning that parents were presented with more items than were required to obtain an
accurate score.

The primary reason parents reported that items were irrelevant was due to their child's age.
For example, many parents reported that their child was too young (e.g. Daily Activity item
asking about shaving) or too old (e.g. Mohility item asking about using aride-on toy) for a
particular item. The PEDI-CAT developed for use in practice will use gender and age filters
to ensure the relevance of al items. Other reasons parents reported that items were irrelevant
were that the parent does not allow a particular activity (e.g. Daily Activitiesitem-Uses a
grater or knife in food preparation); activities were simply too hard for their child (e.g.
Mobility-Hikes 3 miles/5 kilometers); or that the activities simply did not apply to their
child and family (e.g. Responsibility item-K eeping persona electronic devices in working
order (e.g., cell phone, computer) and Mobility item -Gets on and off a public bus or school
bus). Parents were highly enthusiastic about the Responsibility Domain, however, reporting
that the subtle distinctions in this area were particularly useful for older children and teens.
In anticipation of this, we had chosen to limit our study sample to parents of children 3 years
and older, athough the Daily Activities, Mobility and Social/Cognitive domains have items
for children under three years of age.

Using the PEDI-CAT prospectively in a non-standardized environment was done in this
study asit is anticipated that the PEDI-CAT will be used in avariety of settings for children
including hospitals, schools, outpatient practices and at home. Previous studies using
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simulated CATs based on both prospective and retrospective data have shown promising
resultsin other areas. The PEDI-MCAT for example, was found to be sensitive to change
over time for children with disabilities enrolled in a community fitness program [28] and for
children admitted to a pulmonary rehabilitation program [29]. Also, good alternate-form
reliability between the full-length PEDI and the PEDI-MCAT [22, 23] and self-care and
social function PEDI-CAT prototypes has been demonstrated [20-23]. These are areas of
future work for the PEDI-CAT.

This study addsto the overall findings that CAT programs can achieve high reliability and
demonstrate evidence of validity. These results support CAT application in the field of child
and adol escent rehabilitation. The ability of the PEDI-CAT scores to discriminate between
known groups was demonstrated and scores were able to be replicated, demonstrating test-
retest reliability. On average, parents were able to complete 60 items on the PEDI-CAT in
under 15 minutes and reported they would prefer its use over traditional fixed format paper-
pencil assessments. A valid and reliable PEDICAT accepted by parents has the potential to
improve the information used in making decisions about individual and program outcomes,
the impact of research interventions and children's eligibility for services.
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Figure 1. Plots of individual casesfor each domain illustratesthe difference in scores between the

groups of children with and without disabilities
Note: Figure by permission, PEDI-CAT Manual, Copyright Boston University Trustees.
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