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Abstract

Background—The Work Disability Functional Assessment Battery (WD-FAB), developed for 

potential use by the US Social Security Administration to assess work-related function, currently 

consists of five multi-item scales assessing physical function and four multi-item scales assessing 

behavioral health function; the WD-FAB scales are administered as Computerized Adaptive Tests 

(CATs).

Objective—The goal of this study was to evaluate the test-retest reliability of the WD-FAB 

Physical Function and Behavioral Health CATs.

Methods—We administered the WD-FAB scales twice, 7–10 days apart, to a sample of 376 

working age adults and 316 adults with work-disability. Intraclass correlation coefficients were 

calculated to measure the consistency of the scores between the two administrations. Standard 

error of measurement (SEM) and minimal detectable change (MDC90) were also calculated to 

measure the scales precision and sensitivity.

Results—For the Physical Function CAT scales, the ICCs ranged from 0.76–0.89 in the working 

age adult sample, and 0.77–0.86 in the sample of adults with work-disability. ICCs for the 

Behavioral Health CAT scales ranged from 0.66–0.70 in the working age adult sample, and 0.77–

0.80 in the adults with work-disability. The SEM ranged from 3.25–4.55 for the Physical Function 

scales and 5.27–6.97 for the Behavioral Health function scales. For all scales in both samples, the 

MDC90 ranged from 7.58–16.27.
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Conclusion—Both the Physical Function and Behavioral Health CATs of the WD-FAB 

demonstrated good test-retest reliability in adults with work-disability and general adult samples, a 

critical requirement for assessing work related functioning in disability applicants and in other 

contexts.
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Disability evaluation; Psychometrics; United States Social Security Administration; computer 
adaptive test; reliability

Introduction

The United States Social Security Administration’s (SSA) disability programs provide 

financial support to over 10.1 million workers with disability and their families through the 

SSDI program, and 8.3 million additional individuals through the SSI program.1 In 

determining eligibility for work disability benefits, the SSA uses a definition of disability 

based on a medical model, focusing on symptoms and diagnoses. This definition does not 

comprehensively address a person’s ability to perform tasks and activities required in work 

environments.2,3 In conjunction with SSA, we developed new instruments to measure 

physical and behavioral health function relevant for work that may improve the disability 

determination process.4–8

The Work Disability Functional Assessment Battery (WD-FAB) consists of five Physical 

Function (PF scales which measure changing and maintaining body positions, upper body 

function, upper extremity fine motor, whole body mobility, and wheelchair mobility; as well 

as four Behavioral Health (BH) scales which measure self- efficacy, social interactions, 

behavioral control, and mood and emotions. PF questions use a five-point response scale 

from “unable to do” to “no difficulty.” Examples of items include: “Are you able to get in 

and out of bed,” “Are you able to write for 20 minutes,” and “Are you able to stand for one 

hour.” BH items include two response scales: a four-point response scale from “Never” to 

“Always,” and a five-point scale from “Strongly Agree” to “Strongly Disagree.” Examples 

items include: “I am willing to accept help from others,” “When I’m stressed, I can’t figure 

out what to do,” and “I can’t stop myself from doing the same thing over and over.”

The initial instrument development process involved an extensive literature review, the 

identification of hypothesized key dimensions of functioning, the development of 

comprehensive item pools refined by expert panel review, and cognitive interviewing with 

potential respondents.4 The item pools were then administered to samples of SSA claimants 

and US adults from the general population. Factor analyses were used to assess the structure 

of the item pools. Analyses using Item Response Theory (IRT) were conducted to calibrate 

the items and create quantitative measures for both Physical and Behavioral Health 

Function.5–8

The use of IRT methods to develop functional assessment instruments allows for their 

administration using computer-adaptive testing (CAT) methods. CAT algorithms tailor 

administration by selecting the most appropriate subset of items from the larger item bank 

based on the respondent’s answers to previous items. For each FAB scale, a minimum of 5 

Marino et al. Page 2

Disabil Health J. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



items are be administered up to a maximum of 8 for PF scales and 10 for BH scales to 

achieve a reliability score of ≥0.85. Each CAT generates a score, reported as a T-score on a 

scale with a mean of 50 and a standard deviation of 10. Higher scores represent higher 

functioning. The development process provided evidence of measurement validity at several 

stages, including the positive goodness-of-fit assessment of the confirmatory factor analysis, 

and finding differences in score distributions in the expected direction between SSA work 

disability claimants and a general sample of adults living in the US.5–8

The WD-FAB scales were subsequently evaluated regarding efficiency of CAT 

administration, measurement accuracy as tested by person fit, and construct validity in a 

separate sample of adults unable to work due to a physical (n=497) or mental (n=476) 

disability.9 Data quality, CAT efficiency, person fit and concurrent validity (convergent and 

discriminant) were well supported and suggest that the WD-FAB could be used to assess 

physical and behavioral health functioning related to work disability.

The purpose of this study was to continue the psychometric evaluation of the WD-FAB 

scales by examining the test re-test reliability of the Physical Function and Behavioral 

Health CATs in a sample of working age adults from the general U.S. population and a 

sample of adults with work-disability. Reliability in this context speaks to the measure’s 

ability to produce consistent scores for a respondent at different points in time. Assessing the 

reliability of these measures represents another important step toward establishing the 

feasibility of using the WD-FAB in SSA disability determination and for work disability 

assessment in other contexts.

Methods

Sample/Participants

There were two samples for the study: 1) working age adults (the “working-age sample”, 

and 2) adults with work-disability (the “work-disability sample”.) The samples were 

provided by a survey research organization that maintains a large (>1 million) panel of 

voluntary Internet survey participants. Inclusion criteria for both samples included age 21–

66 years and, for the adults with work-disability, self-reported inability to work due to a 

permanent disability. The working age adult sample was matched to a national sampling 

frame on gender, age, race, and education.10 The sampling frame was constructed by 

stratified sampling from the full 2010 American Community Survey sample. Eligible 

members were identified based upon background information forms completed when opting 

into the panel, then invited to participate via email. Each email contained a participant 

specific link to the survey. A second email was sent to those who completed the Time 1 

survey one week after completion.

We estimated the sample size required for the study assuming an ICC of .70, and determined 

that a sample of 238 would yield a 95% confidence interval of sufficient precision (±0.07).11 

This target was rounded up to 300 to allow for possible post-data collection disqualifications 

for various reasons, including failure to meet age criteria (21–66 years old), failure to 

complete the second survey within target time frame (7–10 days), self-report of substantial 

change in health status during the testing period, and uncertainty regarding the response rate 
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and losses between the first and second administration. Based on previous experience with 

longitudinal studies using the panel, it was anticipated that 75% would complete both 

administrations. Thus to ensure 300 completed pairs of administrations, a target of 400 

completed surveys was set for the initial (Time 1) administration. The study procedures 

were the same for the working age and work disability samples.

Procedure

To assess the test-retest reliability of the WD-FAB, we administered two surveys to the 

same individuals 7 days apart, requiring that respondents complete the second 

administration within 72 hours of notification. The survey had three components: 

demographics, health and functional status assessment, and the WD-FAB scales. 

Demographics included age, sex, racial and ethnic background, zip code, education and 

relationship status. The adults with work-disability were also asked when they became 

unable to work due to their disability, and whether they were receiving any type of disability 

benefits. Participants were also asked whether or not they use a wheelchair, and if they did, 

whether they used the wheelchair exclusively to get around. As a result, there were 

respondents who completed both the wheelchair and whole body mobility scales and 

individuals who completed only the appropriate scale.

Reliability would not be expected to be as high among those respondents whose health or 

function had changed substantially between the two survey administrations. Therefore, 

participants were asked “Has your physical health changed a lot in the past week?” and “Has 

your mental health changed a lot in the past week?” as an indicator of individuals whose 

WD-FAB scores had changed between the two survey administrations. Three response 

options allowed participants to indicate whether their physical or mental health had 

improved, worsened, or stayed the same over the past week.

Finally, all respondents received either 8 or 9 WD-FAB scales (depending on wheelchair 

use), administered using CAT methodology. This included the five Physical Health Function 

scales (changing and maintaining body positions, upper body function, upper extremity fine 

motor, whole body mobility, and wheelchair) and the four Behavioral Health scales (self- 

efficacy, social interactions, behavioral control, mood and emotions). All contacts and 

survey administration occurred over the Internet. Ethics approval was obtained from the 

Boston University institutional review board.

Data analysis

To assess test-retest reliability of each of the WD-FAB scales, we calculated the intraclass 

correlation coefficient using a two way mixed model (ICC 3, 1) for all respondents who 

completed the survey at both time points.12,13 This was done separately for each sample. As 

sensitivity analyses, we identified respondents who had reported that their health had 

changed (either improved or worsened). The physical health “changers” were removed from 

the sample and the ICCs re-computed for the five Physical Function scales; likewise, the 

mental health “changers” were removed from the sample and the ICCs for the four 

Behavioral Health Function scales were re-computed. Folded cumulative distribution curves 

(called mountain plots) were constructed for each FAB scale in each sample in order to 
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identify any potential systematic increase or decrease in difference scores from Time 1 to 

Time 2.14 To construct a mountain plot, we calculated the difference scores between Time 1 

and Time 2 for each scale, sorted the difference scores in ascending order, then computed 

the percentile rank for each difference score. It should be noted that because we “folded” the 

empirical cumulative distribution plot at the line y=50%, percentile ranks for scores ranked 

on the second half were calculated using 100 minus the actual percentile rank. Finally, the 

mountain plot was generated by plotting the percentile rank against the difference score for 

each scale.

In addition to test-retest reliability, we also calculated two additional measurement 

properties that are related to WD-FAB reliability. First, we calculated the standard error of 

measurement (SEM), which quantifies the precision of individual scores on a scale. SEM 

was calculated as SB*√(1-ICC) where SB is the standard deviation at baseline.15 We then 

calculated the minimal detectable change (MDC90), which is the minimal threshold for 

change in an individual’s score that would statistically identify real change.16 MDC90 was 

calculated as SEM*1.645*√2 where 1.645 is derived from the 90% CI of no change.

Results

The final samples included 376 adults from the general US population, and adults with 

work-disability. The working age adult sample was 45% male and 82% white with an 

average age of 46.6 years (SD 13.2). The adults with work-disability sample was 45% male 

and 80% white with an average age of 50.1 (SD 9.36) years. The average duration of work 

disability was 10.5(SD 8.8) years (Table 1). Figure 1 displays the mountain plots showing 

the magnitude and direction of the difference scores from Time 1 to Time 2 for each WD-

FAB scale in all four samples. As indicated by general symmetry observed around the y-

axis, there does not appear to be any systematic bias in the direction of those difference 

scores.

For the WD-FAB Physical Function scales, ICCs ranged from 0.76 to 0.89 in the working 

age adult sample, and 0.77–0.86 in the adults with work disability sample, with no 

significant difference in reliability between the two groups (Table 2a). We did not calculate 

ICC estimates for the wheelchair scale in the working age adult sample due to the small 

number of such respondents in that group (n=8). For the WD-FAB Behavioral Health scales, 

ICCs ranged from 0.66 to 0.70 in the working age adult sample, and 0.77 to 0.80 in the 

adults with work-disability (Table 2b). The scores were more reliable in the sample of adults 

with work-disability for the self-efficacy, social interactions, and mood and emotions scales.

At Time 2, in the working age adult sample, 17.6% (n=66) self-reported that their physical 

health had changed “a lot” in the past week, either for the better or the worse, and 21.3% 

(n=80) reported that their mental health had changed “a lot” in the past week. In the adults 

with work-disability sample, the corresponding figures were 31.0% (n=98) and 28.8% 

(n=91) for physical and mental health change respectively. No significant differences 

between full-sample ICCs and restricted-sample ICCs were observed in either the physical 

or mental health domain when the “changers” in each domain were removed from the 

sample as a sensitivity analysis. (Data not shown).
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The SEM ranged from 3.25–4.25 in the working age adult sample, and 3.84–4.55 in the 

adults with work disability sample for the WD-FAB Physical Function scales (Table 2a). 

For the WD-FAB Behavioral Health scales, the SEM ranged from 6.28–6.97 in the working 

age adult sample, and 5.27–5.87 in the adults with work-disability (Table 2b). MDC90 

ranged from 7.58–9.92 for the working age adult sample and 8.97–10.62 in the sample of 

adults with work-disability for the WD-FAB Physical Function scales; and 14.66–16.27 for 

the in the working age adult sample and 12.29–13.69 in the sample of adults with work-

disability for the WD-FAB Behavioral Health scales.

Discussion

This study assessed the test-retest reliability of Physical Function and Behavioral Health 

CAT scales developed for use by the Social Security Administration. Our results show that 

the WD-FAB displayed acceptable test-retest reliability in both a working age adult sample 

and a sample of adults with work-disability. Other widely used self-reported measures of 

physical function and behavior health typically display ICC’s above 0.7.16–25 The Physical 

Function scales demonstrated somewhat better reliability than the Behavioral Health scales 

particularly in the working age adult sample. Test-retest reliability estimates were more 

similar between the two samples for the Physical Function scales than the Behavioral Health 

scales.

The SEM reflects the measurement error in an individual score, with lower SEM’s 

indicating better accuracy. When comparing scores from different respondents on a given 

scale, the SEM sets a confidence interval (CI) around each score; if the CIs do not overlap 

we can be confident that the two respondents have different levels of functional ability. The 

SEM’s obtained for the WD-FAB physical function scales all ranged within 3.2–4.5 points’ 

range, indicating good discriminating ability. The behavioral health scales displayed larger 

SEM’s, particularly in the working age adult sample, indicating less ability for the measure 

to discriminate between two different scores on these scales.

The MDC90 can be interpreted as the smallest detectable change that falls outside the 

measurement error of the instrument, and is therefore primarily a concern when evaluating 

change. For all scales in both samples, the MDC90 ranged from 7.58–16.27. As previously 

mentioned, the standard deviation of all the scales is 10; thus for several scales a 

respondent’s score would have to change by approximately one standard deviation, a large 

amount of change, before one could be sure that change had truly occurred.

Some limitations of this study should be noted. We were unable to obtain sufficient sample 

size to estimate ICC for the wheelchair scale in the working age adult sample. Due to the 

nature of our sampling, we were also unable to verify work-disability status beyond self-

report. The reliability of the WD-FAB scales, though adequate, could be strengthened, 

particularly in the Behavioral Health domain. We are currently engaged in item 

replenishment for all domains to better refine the scales. In addition to strengthening the 

reliability, this item replenishment could also give the scales better discriminating ability 

and sensitivity to change.
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Conclusion

This study provides substantial evidence of the reliability of CAT-based assessments of 

Physical Function and Behavioral Health Function using the WD-FAB. Although the WD-

FAB was initially developed for use by the Social Security Administration, these scales have 

demonstrated reliability in samples of adults with work disability and working age adults, 

and therefore could be used for assessment and measurement of work related functioning in 

other contexts.
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Figure 1. 
Mountain plot for direction of changes in CAT scores from Time 1 to Time 2 by sample. 

Changing & Maintaining Body Position (CMBP), Upper Body Function (UBF), Upper 

Extremity Fine Motor (UEFM), Whole Body Mobility (WBM) Self-Efficacy (SE), Social 

Interaction (SI), Behavioral Control (BC), Mood and Emotions (ME)
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Table 1

Respondent Demographics

Demographic Characteristics Working Age Adults (n=376) Adults with Work-Disability (n=316)

Mean SD Mean SD

Age (Years) 46.25 13.19 52.09 9.36

Work Disability Duration (Years) - - 10.51 8.75

Count Percent Count Percent

Sex

 Male 171 45.48 141 44.62

Race

 White 309 82.10 252 79.75

 Black/African American 30 7.98 28 8.86

 Other or Multiple 32 8.51 32 10.13

 Missing 5 1.33 4 1.27

Hispanic

 Yes 27 7.18 24 7.59

 No 347 92.29 289 91.46

 Refused 2 0.53 3 0.95

Education

 High school diploma or less 111 29.52 109 34.49

 Associate degree; vocational training 65 17.29 50 15.82

 Some college 67 17.82 94 29.75

 College graduate or more 133 35.37 63 19.94

Relationship status

 Never married 97 25.80 62 19.62

 Married or living with partner 226 60.11 145 45.89

 Divorced, Separated or Widowed 51 13.56 108 34.18

 Refused 2 0.53 1 0.32

Change in past week: Physical Health

 No change 305 81.12 217 68.67

 Yes, got better 42 11.17 22 6.96

 Yes, got worse 24 6.38 76 24.05

 Missing 5 1.33 1 0.32

Change in past week: Mental Health

 No change 293 77.93 224 70.89

 Yes, got better 58 15.43 39 12.34

 Yes, got worse 22 5.85 52 16.46

 Missing 3 0.80 1 0.32
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