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Abstract
The aim of this article is to report the development and preliminary testing of a prototype
computerized adaptive test of chronic pain (CHRONIC PAIN-CAT) conducted in two stages: 1)
evaluation of various item selection and stopping rules through real data simulated administrations
of CHRONIC PAIN-CAT; 2) a feasibility study of the actual prototype CHRONIC PAIN-CAT
assessment system conducted in a pilot sample. Item calibrations developed from a US general
population sample (N=782) were used to program a pain severity and impact item bank (k=45) and
real data simulations were conducted to determine a CAT stopping rule. The CHRONIC-PAIN CAT
was programmed on a tablet PC using QualityMetric's Dynamic Health Assessment (DYHNA®)
software and administered to a clinical sample of pain sufferers (n=100). The CAT was completed
in significantly less time than the static (full item bank) assessment (p<.001). On average, 5.6 items
were dynamically administered by CAT to achieve a precise score. Scores estimated from the two
assessments were highly correlated (r=.89) and both assessments discriminated across pain severity
levels (p<.001, RV=.95). Patients’ evaluations of the CHRONIC PAIN-CAT were favourable.

Perspective—This report demonstrates that the CHRONIC PAIN-CAT is feasible for
administration in a clinic. The application has the potential to improve pain assessment and help
clinicians manage chronic pain.
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Chronic pain, defined as persistent or intermittent pain lasting at least three months, is common,
produces substantial burden, and its treatment outcomes vary. Prevalence rates for the condition
range from 2 to 40% worldwide 9,10,17,18,25,49,69 An estimated 50 million people in the US
are affected by chronic pain 53 causing substantial impact on the individuals’ health-related
quality of life (HRQOL); 5,15,16,23,34,35,50 and a tremendous socioeconomic burden with
annual US cost estimates ranging from $40 to $220 billion 1,52,59,62,66.

Pain is a uniquely subjective experience and there are no laboratory tests or external measures
to assess its frequency, location, intensity, and impact. Clinicians must turn to patient reports
when evaluating a pain treatment. There are a number of tools for measuring the severity and
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HRQOL impact of chronic pain, ranging from single-item Visual Analogue Scales (VAS) 31

to long and short forms of generic or disease-specific categorical rating scales 67. Each type of
tool has clear advantages and disadvantages. For example, VAS measures are practical but
may not yield scores that are precise enough to distinguish between patients at particular levels
of the pain severity continuum. While practical, short forms are often limited in range due to
“ceiling” and “floor” effects and lack the precision to detect changes in individual scores.
Alternatively, longer, comprehensive fixed-item surveys may provide more precise scores but
are more costly to administer and more burdensome to respondents.

A promising strategy that can address these problems is the use of item response theory (IRT)
and computerized adaptive testing (CAT) for the development of pain assessment tools 4,8,
26,54,71,78. In combination, IRT and CAT can lead to the development of more practical and
precise assessments over a wide range of pain impact and severity levels - eliminating “ceiling”
and “floor” effects and making the comparability of scores from “static” and dynamic measures
possible.

In the area of pain assessment there have been a number of studies that used computerized
versions of existing measures 6,29,32,39,68 or electronic diaries 22,33,42,51,63. Reports suggested
equivalence between computer and paper and pencil modes of administration 29,39 along with
evidence that participants accept computerized assessment with ease and often prefer it to
traditional measures 12,51. There have also been initial reports on the development of pain
related item banks 26,40 and simulated CATs 27,28, including the work of the Patient-Reported
Outcomes Measurement Information System (PROMIS) 13,21. To the best of our knowledge
there has been only one report on the results of a clinical validity field test of a pain CAT for
patients with back pain 36. In this study the CAT was administered via the Internet, focused
specifically on back pain and did not include a patient report.

As the first prototype system combining a CAT-based pain assessment and a patient report,
CHRONIC PAIN-CAT brings the field a step closer to the practical use of this new technology
in clinical settings. We developed the CHRONIC PAIN-CAT assessment using existing IRT
calibrations of widely-used pain-specific items 7 and used CAT software to select and
administer the most informative and relevant items to each patient.

The goals of this paper are to report the results of two studies:

1. the evaluation of various item selection and stopping rules from real data simulated
administrations of CHRONIC PAIN-CAT 2;

2. a feasibility study of the actual prototype CHRONIC PAIN-CAT assessment system
conducted in a pilot sample of chronic pain sufferers. The results focus on item usage,
respondent burden, range of levels measured, sensitivity of the instrument to
discriminate between groups, score accuracy in comparison with a full-length survey,
the evaluation of the user acceptance of CAT administrations relative to a full-length
survey, and patient experience using the prototype report 57.

Materials and Methods
Item bank

The Chronic Pain Impact Item Bank contains 45 items from widely-used instruments: the
SF-36 76, SF-8 74, Nottingham Health Profile 30, Sickness Impact Profile 24, McGill Pain
Questionnaire 45, Oswestry Low Back Pain 19, Brief Pain Inventory 14, Aberdeen Back Pain
56, EuroQOL 65, Health Insurance Experiment 61, Fibromyalgia Impact Questionnaire 11, and
Short Musculoskeletal Function Assessment 64. Based on literature review, we identified four
subdomains of chronic pain: a) intensity, b) frequency, c) experience, and d) impact of pain on
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function and well-being. We selected items to achieve: 1) representation of items across the 4
subdomains; 2) inclusion of items assumed to be most appropriate for patients with severe pain
as well as items assumed to be most appropriate for patients with mild pain, 3) reduction in
content overlap, 4) high item quality (clarity, simple everyday language and concepts,
avoidance of double negatives etc.) and 5) representativeness from various surveys to enable
cross-calibration of items. A sample of approximately twenty percent of the items from each
tool was included and none of the cited tools has been used in its entirety. Analysis of
dimensionality showed that the domain of pain experience (e.g. stabbing pain, burning pain)
did not fit a unidimensionality model, and these items were subsequently excluded from the
item bank. All items were scored so that low scores indicate a low level of functioning and
high level of pain impact.

Item responses are scored by IRT methods. The final scores are calibrated to a metric that has
a mean of 50 and standard deviation (SD) of 10 in the US general population. With norm-based
scores (NBS), all scores above or below 50 can be interpreted as above or below the population
norm, and each point is one-tenth of a SD unit, which facilitates estimates of effect size. NBS
can be applied across measures (e.g., dynamic, static), so that comparisons are more meaningful
and results are simpler to interpret in relation to population norms. Theoretically, there is no
limit on the measurement range for scales scored using NBS, although 95% of scores fall within
+/− 3 SD units.

Study 1. Simulation study
Sample

Evaluation of the accuracy of the IRT-based algorithms for CAT administrations was
conducted using computer simulation methods and real data. The pain item bank data collection
was part of a major national survey of core health domains (total N = 12,050 for internet and
phone interview administration). We analyzed data previously collected from a US general
population survey of respondents with chronic pain (N= 782). The data were collected in 2000
by a national polling firm contracted as part of a larger study to survey the functional health
and well-being of adults in the general US population. Data used in this study was collected
via the Internet (AOLs Opinion Place). For comparison purposes, additional data on the same
items was collected through personal telephone interviews, using random digit dialing
(N=750). To avoid confounding with mode of administration, the IRT calibration and CAT
simulation reported here are based only on the internet data. Screening questions were asked
to achieve sampling quotas for age and gender. Internet respondents were given AOL Reward
Points for completing surveys.

Data from the 782 internet participants were used in the simulation studies reported here and
was previously used to develop the preliminary item calibrations. Additional details regarding
sampling and data collection methods are documented elsewhere72. Briefly, 55% of
participants were female, 14% were non-white and 27% were older than 54 years. The majority
of respondents (54%) worked full-time and 49% reported incomes over $45,000. Participants
suffered from migraine (21.2%), headaches (22%), back pain (24.6%), rheumatoid arthritis
(4.9%) and osteoarthritis (7.3%). Each respondent was assigned to one generic functional
health or well-being domain (n = 800−1,000/domain) and administered the SF-36® Health
Survey, items from that domain and up to 80 additional items from widely-used instruments
hypothesized to measure the same domain, along with variables selected for purposes of
validation. 8
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Procedure
To compare the psychometric merits of alternative strategies for programming CAT
assessments, responses to questions selected by the CAT software are “fed” to the computer
to simulate the conditions of an actual CAT assessment. Without “knowing” the response to
any other item in the bank the computer uses the IRT model to select the item with the highest
information function, given the patient's current score level. Given the answer to that question,
the computer re-estimates the pain score and the confidence interval (CI) around that score and
decides whether or not to continue testing. The selection of subsequent items in the simulation
was also based on maximum information 48. The information item functions were calculated
for all items using a generalized partial credit mode 47. The IRT scores for the simulation study
were estimated using the weighted maximum likelihood method (WML) 77. While the
responses of actual participants were used in this procedure, several CAT algorithms were
simulated and evaluated. We refer to this procedure as “real data simulation”. More specifically
we tested 1/ four stopping rules without content balancing and 2/ a content balancing algorithm.
These algorithms are described below.

Four IRT-based CAT Chronic pain scale scores were estimated by simulating a computerized
adaptive assessment based on the same item pool with different fixed lengths (2, 5, and 7 items)
and a precision based rule. In the real data simulations the computer read and scored only those
responses for the questions that would have been asked during a real computerized adaptive
assessment. All versions of the CAT started with a pre-selected item with medium level of
difficulty: “How much pain have you had during the past 4 weeks?” This item was followed
by 1, 4 or 6 additional items, respectively, for the three different fixed length CATs. The total
IRT (full bank) score was based on the administration of the entire 45-item bank.

In order to determine a stopping rule that would provide optimal balance between score
precision and respondent burden we determined cut-off points that would be the indicators for
adjustment in the levels of precision necessary in a CAT administration. The cut-off points
were intended to reflect the change in precision levels at the extreme ends of the scale. Through
a series of simulations done in an iterative process, the CAT stopping logic was set to use 6
different levels of precision across the score continuum without limiting the number of items
to be administered. The selected score cutoff points were 30, 45, 50, 55, 62 with precision
levels for each interval of 5.5, 3.6, 4.5, 5.5, 7.5 and 12.7 respectively. This precision-based
simulation was also compared to the full bank score estimates and the previous scores derived
by the fixed-length CAT simulations. None of these algorithms took into consideration the
specific content of the selected items.

We also evaluated procedures that take into account content balancing. In the calibrated item
bank items could be classified as assessing mainly pain severity, pain frequency or pain impact.
In additional simulations of a 7-item CAT we ensured that each CAT assessment included
items from each of these 3 subdomains. The CAT achieved this content balancing using the
following procedure. The start item was set to assess pain severity, the CAT selected the second
item as the most informative item within the domains of pain frequency and pain impact,
without evaluating pain severity items. For the third item, the CAT chose the most informative
item from the subdomain that had not yet been selected. After the selection of three items, all
three subdomains had been covered, and selection of the following fourth item was performed
across three subdomains based on the highest information function, the fifth item was selected
from the 2 remaining subdomains and so forth.

All simulations used a version of the DYNHA® software 72 programmed in SAS V8.01 8.
DYNHA's computerized adaptive technology uses modern measurement methods based on
item response theory (IRT) to calibrate large item banks and provides estimates of measurement
precision for each level of functioning. DYNHA software selects and scores only those items
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required to calculate a precise score for that individual and places them on a common metric
that allows comparability of scores across assessments.

Analysis plan
We used these simulations to: a) evaluate the correspondence between scores estimated from
fixed form assessment and scores from simulations of computerized adaptive administration
of the pain item bank, using correlation analyses, scatterplots and examining delta scores
defined as the difference between the fixed form score and the scores derived from the
simulated briefer assessments; b) provide estimates of the reduction in respondent burden by
examining the reduction in number of items required to calculate a score and time to complete
the assessment; c) define stopping rules for the CHRONIC PAIN-CAT; d) explore results at
the individual level by examining individual test scores and confidence intervals at several
score levels; and e) examine the discriminant validity of simulated CATs using t-tests and
relative validity. We computed fixed form scores using the entire pain item bank (Full bank
score), as well as separate scores for the three subdomains of pain severity, pain frequency,
and pain impact.

In order to explore the discriminant validity of the simulated measures we selected participants
with chronic conditions associated with pain (migraine, back pain, osteoarthritis, rheumatoid
arthritis, headaches) and compared their scores to participants who did not suffer from any of
the selected conditions using t-tests and relative validity coefficients. To estimate the validity
of the CAT scores in discriminating among those with and without pain conditions relative to
the Full bank score, relative validity was evaluated as in other studies 37,43. T-tests were
conducted to test for differences in scores between groups and t values were transformed into
F statistics. For each comparison, relative validity (RV) estimates were obtained by dividing
the F statistic of the comparison CAT measure by the F statistic for the measure with largest
F statistic (full item bank). The F-statistic for a measure will be larger when the measure
produces a larger average separation in scores for groups being compared or has a smaller
within-group variance, or both. The RV coefficient for each measure in a given test describes,
in proportional terms, the empirical validity of that scale, relative to the most valid scale in that
test.

Results of simulation test
Descriptive statistics for the full bank score, simulated scores from the 2-, 5-, and 7-item CATs,
and precision-based simulated score of an adaptive session are presented in Table 1. It can be
seen from the table that the estimates provided using different stopping rules are very similar
and have equivalent standard deviations. The precision based rule used, on average, 5 items.
The estimate based on the entire item bank has a slightly higher mean. Also, the maximum
score was higher for the full bank. The results from the 7-item content balanced CAT were
very similar to the results of the 7-item CAT with no content balancing(results not shown).

The correlations between the full bank and the 2−7 item CAT scores were high, ranging from .
90 −.99 for 2−7. The scatterplots demonstrated considerable agreement between scores that
increases with the number of items fielded (Figure 1). The agreement was strongest in the low
and mid-score range and weakest in the high score range. The estimated scores derived through
the precision based stopping logic were also highly correlated with the full bank score and were
comparable to the performance of the fixed-item CATs’ scores, but allowed greater flexibility
for a more detailed assessment of patients with extreme scores.

To assess agreement between scores we examined delta scores. As could be expected the largest
difference of 2.05 (sd=4.53) was observed between the full bank scores and the simulated CAT
with 2 items. Delta scores for all other simulated CATs were comparable and smaller (CAT-5
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Mean = 1.26, sd = 2.95; CAT-7 Mean = 1.15, sd = 2.44; Precision Rule Mean = 1.34, sd =
3.06). All mean differences were significantly different from zero. Comparing scores from the
7-item CAT with subdomain specific scores, the CAT scores were more similar to scores on
pain impact (Mean delta= −0.41, sd = 4.32) and pain frequency (Mean delta= 0.94, sd = 3.20)
and slightly less similar to pain severity subdomain scores (Mean delta= 1.63, sd = 7.36).

The magnitude of error across different score levels was also compared between the full bank
score and the three fixed-item CATs (see Figure 2). As expected, the magnitude of error was
the largest at the extreme ends of the scale. The two-item CAT produced larger 95% confidence
intervals (±1.96*SEM), but the 5- and 7-item CATs compared favorably to the full bank score,
although the error rate was higher across all scores ranges.

It was expected that the full item bank would be most valid in distinguishing between those
with and without pain-related conditions. We expected the CAT scores to perform relatively
well in comparison to the full bank scores derived from the full item bank but expected the
CATs to be somewhat less precise. Results indicated that all measures had good discriminant
validity and successfully differentiated between the two groups. As expected, the full bank
estimate yielded the largest F value, and the 2-item CAT the lowest. The other three assessments
achieved comparable results (see Table 2).

To examine the performance of the simulated CATs at the individual level several cases
selected from different score levels were examined. As could be expected from the other results,
cases in the 35−55 range had better agreement between assessments and narrower confidence
intervals compared to cases in the high end of the continuum (see Table 3).

Based on these findings it was determined that the precision based stopping rule is the best to
use in the CHRONIC PAIN-CAT application, as it was concordant with the full-length
assessment, provided reductions in respondent burden that were comparable to the fixed-length
simulations, and allowed for longer assessments when needed. On average 5−6 items were
fielded when applying the precision based rule, leading to an expected reduction in respondent
burden of approximately 88% in the field test. For the initial feasibility studies, we did not use
content balancing.

Study 2. Feasibility Study
Sample

For the feasibility study, which tested an actual CAT administration, we recruited a
convenience sample of adult pain sufferers (n=100) from the Dartmouth-Hitchcock Medical
Center's Pain Clinic (DHMC). The study coordinator identified patients who met eligibility
criteria (English-speaking adult, 18 years or older) and they were asked to participate in the
study by their clinicians. The study coordinator explained the study and presented the consent
information in writing and verbally to patients, obtained a signed consent form, and
administered the instrument.

Participants were randomly assigned to one of two different orders of presentation of the
measures, in which the sequence of the dynamic and the full-length pain-specific assessments
was counterbalanced: half the sample answered the dynamic assessment first and half the
sample answered the full-length assessment first. The post-assessment evaluation was
administered only after the first pain assessment (either dynamic or static), so that half of
participants (n=50) evaluated the dynamic form and the other half (n=50) evaluated the static
form. Upon completion of the survey, participants reviewed a personalized feedback report
and completed the report evaluation survey to provide feedback on the clarity, usefulness and
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general outlook of the report. All procedures and the study consent process were reviewed and
approved by the New England and the DHMC Institutional Review Boards.

Instruments—The application was programmed for administration via a tablet PC computer
with Microsoft XP Tablet Edition operating system with a stylus pen using QualityMetric's
Dynamic Health Assessment (DYHNA®) software. The application combined into one
seamless assessment all the survey elements described below.

DYNHA® Chronic Pain Impact Survey (dynamic assessment): A computerized adaptive
survey based on the 45-item Chronic Pain Impact bank as described previously. We selected
a precision based stopping rule for the DYNHA® Chronic Pain Impact Survey based on the
results of the simulations conducted as part of this study. The general logic of the CAT
algorithm is presented in Figure 3.

The Full Bank Chronic Pain Assessment administered all 45 items from the Chronic Pain
Impact bank.

SF-12v2™ Health Survey: The SF-12v2™ Health Survey is a 12-item questionnaire that
measures the same eight domains of health as the SF-36® Health Survey (e.g. Physical
Functioning, Role Physical, Bodily Pain, General Health, Vitality, Social Functioning, Role
Emotional, and Mental Health). The SF-12v2™ Health Survey yields physical and mental
summary scores that are comparable with those from the SF-36® Health Survey in all studied
populations 75. As a brief, reliable measure of overall health status, the SF-12v2™ Health
Survey has been used in a variety of studies as an assessment tool 20,41,44,46,55,60 reaching
over eleven hundred references in PubMed.

Level of pain severity was assessed using a numerical graphic rating scale (0−10) with the
anchors of “No pain” and “Pain as bad as it could be”. The ranges to define mild, moderate
and severe pain were 1−3, 4−6 and 7−10 respectively 3.

Patient User's Evaluation Survey was constructed to obtain a standardized evaluation of each
patient's experience completing the assessment. It was administered immediately following
the first chronic pain assessment (dynamic or static depending on the randomization group).
The evaluation survey included five-point Likert scale questions on helpfulness of the tool in
understanding the impact of pain, relevance of the items, difficulty of completing the
assessment and willingness to complete the survey again. One question that assessed the
appropriateness of survey length had a dichotomous response format. The qualitative field note
observations of the administrator provided further information on the patients’ experience.

User's interface and procedure—The CHRONIC PAIN-CAT application begins with a
brief description of the study and a log-in procedure. Upon successful login and granting
consent, users are provided with standardized instructions and asked to complete the survey.

Survey components were programmed to be administered in the following order for the first
randomization group: Rating of Pain Severity Item (VAS), DYNHA® Chronic Pain Impact
Survey (followed by Patient User's Evaluation Survey), full-length static item bank, SF-12v2™
Health Survey, and additional modules. For the second group, the order of the dynamic and
full-length assessments of chronic pain impact was reversed. Items for the dynamic and static
assessment of chronic pain were administered individually (one per screen). Based on the
simulation results, we set the CAT stopping logic to use a precision based stopping rule for the
dynamic assessment. When the set precision level was achieved, the dynamic assessment was
completed. The SF-12v2™ Health Survey, demographic items, and user's evaluation items
were presented in grids on the screen to reduce respondent burden.
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A meter on the bottom of the page indicated the percentage of items completed by the patient.
This estimate changed with each subsequent section of the application to reflect the patient's
progress toward completing the survey.

The CHRONIC PAIN-CAT application also included a prototype patient report, presented to
participants upon completion of the surveys. The report provided information on: (a) patient
results for pain severity and impact in relation to a normative comparison group; (b) patient
results for general physical and mental health in relation to a normative comparison group; (c)
a section on individual score changes in these areas, allowing longitudinal tracking of results;
and (d) a brief interpretation of the results. The information in the report was organized into
six areas, separated by explanatory titles. The scores were presented graphically and
accompanied by a text clarifying the meaning of the graph. Patients could view the report on
the screen of the tablet before providing feedback.

Statistical Analyses—As part of the feasibility test several features of the CHRONIC
PAIN-CAT were evaluated including item usage, respondent burden, range of measured levels
(ceiling and floor effects), and a preliminary test of validity in discriminating across chronic
pain severity levels.

Respondent burden was assessed by comparing the number of items required to calculate a
score and the average amount of time (in seconds) per administration of the dynamic and static
assessment using t-tests. Counterbalancing in the order of the dynamic and static assessment
administrations allowed us to conduct both within group and between group comparisons.

In order to evaluate “ceiling” and “floor” effects we examined the data from the CAT for cases
where all administered items received the highest or the lowest score.

To evaluate measurement accuracy we examined the descriptive characteristics and the plots
of 95% confidence intervals (±1.96*SEM) against NBS scores for the two assessments. We
also computed delta scores as the difference between scores based on the 45 item bank and the
dynamic theta estimate for each respondent, computed the mean of these scores and tested it
against the null hypothesis of no difference. Finally we examined some cases at different levels
of theta to explore performance of the assessments at individual level.

Discriminant validity was evaluated by examining the ability of the full bank and dynamic pain
assessments to distinguish between groups of patients with various degrees of pain severity
determined through the numeric rating scale. We used general linear models to evaluate the
impact of severity and order of presentation on the final scores.

Results of feasibility study
Sample characteristics

Data were collected during a four month period in the fall of 2006. The sample (N=100) was
primarily comprised of White (94.6%), non-Hispanic (98%), middle-aged women (63%). The
majority of participants were married (59%) and 25% had previously participated in studies
involving computerized surveys. Most participants had received some training after school or
attained a college degree (66%) and 67% reported severe pain.

Item Usage
On average, the dynamic survey was typically completed in 5−6 items (range: 4 − 19).
Participants with mild to moderate levels of pain severity were administered a maximum of 6
items per assessment. A single administration in the severe group required 19 items.
Abbreviated item stems and the frequency with which each item was administered by
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DYNHA® are shown in Table 4. The dynamic assessment was programmed to administer the
same first item (“global item”) to each participant. Of the remaining 44 items in the bank, 27
items (61%) were selected and administered by the CAT system. The 5 items that were
administered with the highest frequencies across all severity groups were related to impact of
pain on the ability to perform or restriction on routine daily activities.

Respondent burden
As expected, participants completed the dynamic assessment in significantly less time than the
static assessment of the full item bank (t (94) = 22.5, p < .001). The average completion time
for the dynamic assessment was less than a minute and a half (M = 80.6s, SD = 34.9s, range
= 39.9−229s). In comparison, the average completion time for the static assessment was
approximately 10 minutes (M = 603.6s, SD = 239.6s, range = 341−1795s). The dynamic
assessment used, on average, 5.57 items, which represents a decrease in respondent burden of
approximately of 88%.

Range of Levels Measured – “Ceiling” and “Floor” Effects
None of the participants in the clinical feasibility study scored at the “ceiling” (highest
observable score based on administered items) or the “floor” (lowest observable score based
on administered items) on static and dynamic assessments.

Score Accuracy and Discriminant Validity
At a group level, dynamic assessment achieved roughly equivalent measurement precision (or
accuracy) (95% CI) in score estimation with substantially fewer items administered than the
full-length assessment (see Table 5). The mean of the delta scores (difference between full
bank and dynamic scores for each respondent) was .3 (sd=2.58) and was not significantly
different than zero, indicating no difference in the two methods of estimation. Individual
dynamic case scores in the available score ranges demonstrated good correspondence with full
bank scores (see Table 3).

Measurement precision also was evaluated by plotting the confidence intervals against NBS
scale scores. Figure 4 shows that for both measures, precision was greatest at the score range
of 30 − 45. Also, both measures had less precision in the lower score range. As expected, full
bank scores were more precise than scores based on the dynamic assessment but the two scores
were highly correlated (r=.89).

In this sample, 4% reported mild, 29% reported moderate and 67% reported severe pain. We
expected that the group of participants with more severe pain would have lower mean scores
on the pain assessments (indicating a lower level of functioning and higher level of pain
impact). Although the sample sizes are uneven and the mild group had only 4 participants, both
dynamic and static assessments discriminated between each pain severity level; pain impact
scores decreased monotonically with increased levels of pain severity. Also, within each of the
three severity groups, mean scores on the dynamic and static assessments were roughly
equivalent (Table 6). The order effect was non-significant for both the static (F (1, 91) = .05,
p>.05) and the dynamic assessment (F (1, 92) = .17, p>.05).

Participants’ Evaluations
The overall evaluation of the assessment was positive – the majority of participants found the
measure to be useful, relevant, of appropriate length and easy to complete. There were no
significant differences between the evaluations of the dynamic and static surveys.

Participants also completed a report evaluation survey to assess how helpful and
understandable the report is and whether it would be used to initiate a discussion with a
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physician. These evaluations were predominantly positive as well with no significant
differences in the evaluations of the dynamic and static survey reports.

The observations and field notes taken by the study coordinator provided additional valuable
information regarding the acceptance of the CHRONIC PAIN-CAT administered via tablet
PC by this specific patient population. Eighty-five of the participants in the study provided
comments and suggestions for improvement, which were recorded in the field notes.
Examination of this qualitative data revealed several areas for improvement. Almost half of
the participants expressed some confusion related to the feedback report, ranging from poor
formatting and feeling confused by the presentation of data to several accounts of feeling
depressed by the feedback. Some technical features related to the use of the tablet PC (stylus
and the need to scroll down) as a platform also elicited some negative feedback. Almost half
of the sample had difficulty scrolling down the pages and about one fourth reported frustration
with the use of the stylus. The pop-up screens with messages regarding problems with
administration were also confusing for some. Finally, some participants were concerned with
the repetitiveness of the questions, an expected reaction given the design of this study, where
all participants answered both dynamic and static assessments, resulting in an overlapping
content. Based on the field observations of the study coordinator, it also became apparent that
the use of tablet PC as a platform has some specific limitations for people who are left handed,
using a wheel chair or have visual problems. These findings will be considered in our future
efforts to improve the application.

Discussion
We sought to achieve major innovations in the standardization of chronic pain assessment and
in the technology used to collect, process and display results through the development of a
computerized chronic pain assessment. The result of this effort was a prototype patient-based
CHRONIC PAIN-CAT assessment, with demonstrated evidence of administrative feasibility
and psychometric performance. The dynamic assessment of pain, completed in 80 seconds on
average, provided a substantial reduction in respondent burden compared with the full-length
item bank, while on average, providing very similar scores. In our feasibility test, the mean
dynamic and static scores were very similar within groups of patients with mild, moderate and
severe pain and demonstrated the comparability of the two assessments. Likewise, both
versions discriminated between respondents with differing levels of pain severity. The
DYNHA® Chronic Pain Impact Survey used 61% of all available bank items, with a higher
number of items required for participants with severe pain. These findings suggest that the
DYNHA® Chronic Pain Impact Survey is a viable alternate to the full static survey form for
administration in settings where longer forms are not desired.

In the initial stages of the work a series of simulations were conducted to examine the
performance of various stopping rules to be implemented in the final application. Although
dynamic assessments produced scores with lower precision than full-length static assessment,
on average, only 5−6 tailored items were needed to reach acceptable levels of precision,
representing an 88% reduction in respondent burden. All assessments were most accurate in
the middle score range of the scale and showed substantial increases in measurement error
towards the lower and upper end points. These results support the potential of CATs to lower
respondent burden for patients but also indicate possible room for improvement in the item
bank through inclusion of additional items covering the more subtle and more severe levels of
pain impact. The use of norm based scoring facilitates the improvement of item banks, since
it allows inclusion of additional items without leading to changes in the interpretation of final
results. Comprehensive, high quality item banks covering a wide range of the construct's
continuum will allow clinicians to take advantage of the ability of CATs to improve precision
of assessment through narrow confidence intervals in the cases where clinical decisions need
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to be made. The potential of precise assessment in combination with capability for immediate
reporting of results to patients and clinicians can turn computerized tests into valuable tools of
clinical practice.

The results of the user evaluation indicated that the majority of the study participants favorably
evaluated the dynamic assessment in terms of its length, difficulty, relevance and
appropriateness. However, there were no significant differences between groups evaluating
the dynamic and static assessments. In both groups, the predominant evaluation of the report
was also positive, but some respondents reported difficulty with the interpretation of the report
and doubts regarding its usefulness. In addition, the experience of participants was evaluated
through the study coordinator's field notes, which revealed some specific problems with the
administration of the tool. Some patients experienced difficulties using the stylus, scrolling
down the screen when necessary, or inputting numbers. Also, many respondents felt the survey
was too long, but this impression is most likely due to the study design which involved
completion of both the dynamic and static assessment for all participants.

Limitations
The current study has some limitations. As the study was planned as a feasibility test for the
CHRONIC PAIN-CAT, the sample size of this study is rather small and comprehensive testing
with a larger and more diverse sample is required. The feedback we received from patients and
the clinical staff points to the need for some improvements in the technical solutions used for
the delivery of the dynamic assessment. The study also indicated that the patient report used
in the study needs substantial improvement to make it more informative and clear for patients.
Lastly, there was some degree of mismatch between the intended target population for this tool
(patients with chronic pain) and the field sample composition (67% reporting severe pain),
which may help explain some of the problems and negative comments in the field. The main
concern for patients in the severe stage of a chronic pain condition is to alleviate the immediate
discomfort of acute pain. In this state the impact of chronic pain on quality of life is of lesser
importance and the use of even brief self-assessment of this impact may be viewed as
burdensome or irrelevant by pain sufferers. Regardless of these limitations, the results of the
study demonstrate that a dynamic pain assessment system is feasible to administer, and reduces
respondent burden with a degree of accuracy that is comparable to a lengthier static pain
assessment. Some preliminary evidence of the external validity of the tool was found, but
additional work in this area is still needed. Although the tool needs some further improvements,
it shows promise for use with chronic pain patient populations in medical practices, clinics and
health management organizations.

Future Research
Future research efforts should include a full evaluation of the current pain item bank for
measurement gaps and item content (redundancies, relevance) to ensure that the full continuum
of pain severity and impact is covered. In the current study not all items included in the bank
were selected for administration, suggesting that items initially developed and tested in the
tradition of the classical test theory may not necessarily be optimal for dynamic assessments
under the IRT model. Future efforts need to focus on additional evaluation of items, extending
and fine-tuning the bank by creating new items with the potential to cover the extremes of the
pain continuum and eliminating items with potential redundancy. In addition, the technical
platform and interface of the tool will need to be evaluated in usability studies with direct input
from the potential users of the final product to make the assessment user-friendly. This work
should address the use of tablet PC as a platform and the specific presentation of the content
on the screen (e.g. no need to scroll, clear instructions). In addition, the target population for
this assessment should be clearly defined to avoid burdening patients in acute pain with
assessments that are more appropriate for chronic pain sufferers.
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In broader context, the CHRONIC PAIN-CAT follows a recent trend of development of
computerized adaptive assessments for use in clinical practice across various conditions (e.g.
osteoarthritis 38, headache 73, diabetes 58). Computerized adaptive testing has some remarkable
advantages – it provides a solution to the tradeoff between measurement precision and burden
for respondents; allows immediate feedback to patients and clinicians; and reduces resources
devoted to coding and scoring assessments 38. As CATs have the potential to be administered
through alternative platforms (internet, PDA, telephone), they can potentially save resources
for traveling and clinic visits for patients with chronic conditions. The increasing availability
of computers in households and clinical offices can facilitate the use of CATs in routine clinical
practice, which in turn would streamline, simplify and enhance the self-assessment process,
ultimately leading to improved health care for millions of patients with chronic conditions. The
results of the feasibility study of CHRONIC PAIN-CAT presented in this report bring patients
one step closer to these improvements.
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Figure 1.
Scatter plots of Simulated CAT Scores vs. Full Bank Scores
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Figure 2.
Comparison of 95% CIs for Simulated CATs (with 2, 5, and 7 items), Precision based estimate
and Full Bank Scores.
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Figure 3.
Logic of Computerized Adaptive Testing (adapted from Wainer et a.l (2000)
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Figure 4.
Comparison of 95% CIs for Dynamic and Full Bank Scores
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Table 5
Feasibility Study - Descriptive Statistics for Dynamic and Static Assessments

DYNAMIC (CAT) n=100 Static (k=45) n=100

Mean score (SD) 34. 74 (5.75) 35.16 (5.12)
95% Confidence Interval 33.57 − 35.90 34.11 − 36.20
% at “ceiling” 0 0
% at “floor” 0 0
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