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Abstract
Background: Activity limitations are an important and useful dimension of disability, but there are few validated measures of activity
limitations for adolescents and adults with developmental disabilities.
Objective/hypothesis: To describe the development of the Waisman Activities of Daily Living (W-ADL) Scale for adolescents and
adults with developmental disabilities, and systematically evaluate its measurement properties according to an established set of criteria.
Methods: The W-ADL was administered among four longitudinally studied groups of adolescents and adults with developmental
disabilities: 406 with autism; 147 with fragile-X syndrome; 169 with Down syndrome; and 292 with intellectual disability of other or
unknown origin. The W-ADL contains 17 activities and each is rated on a 3-point scale (0 5 ‘‘does not do at all’’, 1 5 ‘‘does with help’’,
2 5 ‘‘independent’’), and a standard set of criteria were used to evaluate its measurement properties.
Results: Across the disability groups, Cronbach’s alphas ranged from 0.88 to 0.94, and a single-factor structure was most parsimonious.
The W-ADL was reliable over time, with weighted kappas between 0.92 and 0.93. Criterion and construct validity were supported through
substantial associations with the Vineland Screener, need for respite services, caregiving burden, and competitive employment. No floor or
ceiling effects were present. There were significant group differences in W-ADL scores by maternally reported level of intellectual
disability (mild, moderate, severe, profound).
Conclusions: The W-ADL exceeded the recommended threshold for each quality criterion the authors evaluated. This freely available
tool is an efficient measure of activities of daily living for surveys and epidemiological research concerning adolescents and adults with
developmental disabilities. Ó 2013 Elsevier Inc. All rights reserved.
Keywords: Activities of daily living; Adolescent; Adult; Autistic disorder; Developmental disabilities; Down syndrome; Fragile X syndrome; Intellectual
disability
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Developmental disabilities are heterogenous and life-long
disorders that are often characterized by problems related to
the functioning of the brain or senses and include genetic
disorders that affect cognition, behavior, and multiple body
systems.1e3 The causes and consequences of these conditions may vary widely, even within a particular ‘type’ of
disability. For example, some adults with autism experience
severe limitations in basic tasks necessary for independent
living, while others have no limitations in these areas (but
may still struggle in social situations).4 The nature and
severity of these limitations are important for providing
appropriate services and interventions, for research, and for
informing public health policy.5,6 There are, however, few
freely available and high-quality tools for measuring activities among adolescents and adults with substantial developmental disabilities. We sought to evaluate a new daily
activities measure for this population that is feasible for
surveys and epidemiological research.
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Several widely used theoretical frameworks of disability
account for and describe aspects of disability beyond
a medical classification.7e9 The World Health Organization’s International Classification of Functioning,
Disability, and Health (ICF) describes disability at three
different levels: impairments (problems or deviations in
the structure or functioning of a body part), activity limitations (difficulty executing tasks or actions), and participation restrictions (problems with involvement in life
situations).10 An innovative aspect of the ICF model is
the recognition that both personal and environmental
factors may affect the experience of disability. Importantly,
the ICF distinguishes between ‘‘performance’’ (what an
individual does in his or her current environment) and
‘‘capacity’’ (an individual’s ability to perform a task or
action, the highest probable level of functioning) for activities and participation.10
A linear or consequential relationship between different
levels of disability (e.g., from impairment to activity limitations) is neither presumed nor inevitable; however,
adolescents and adults with developmental disabilities are
likely to experience activity limitations.11 In addition to
the variability within diagnostic categories for many developmental disabilities, other co-occurring health conditions,
social support, and the opportunities and constraints of the
physical environment may contribute to an individual’s
performance of activities. Measurement of the complex
relationships between different aspects of disability is
greatly aided through the use of precise language and
a strong conceptual framework, such as that offered by
the ICF.
Particularly for adolescents and adults with known
developmental disabilities, a greater emphasis on activities
offers an opportunity to acknowledge that ‘‘what people do
is more important than the expectation that they do things
‘normally’,’’12 although this has not been the focus of most
available measures. Other problems with available
measures include ‘‘floor’’ effects and developmental-level
anchoring which limit the usefulness of such measures.
Specifically, some individuals with autism or intellectual
disability are likely to score at the extreme minimum
of population-normed measurement tools, and previous
studies have suggested that there are important differences
among individuals scoring at the ‘‘floor’’ on standardized
measures.13e15 Some measures require raters to first determine an individual’s ‘‘mental’’ or ‘‘developmental’’ age,
and then administer items intended for typically developing
individuals of that developmental level. This can result in
assessment of adults with developmental disabilities with
items that were designed for young children. For adults
with substantial limitations, sensitive and age-appropriate
measures are needed to detect meaningful changes over
time and to distinguish between people with different
needs.
Despite the widespread recognition that activity limitations represent an important dimension of disability, we
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are not aware of any freely available and thoroughly evaluated tools for measuring activity limitations in adults with
developmental disabilities. Activities of Daily Living
(ADL) scales have been used extensively in research and
clinical applications, often for individuals recovering from
surgery or a stroke, or to measure functional decline associated with aging and dementia. Some US states determine
service eligibility and financial assistance to adults with limitations on the basis of ADL scores; in 2009, the state of
Montana provided disability-related financial support at a rate
of $34 per month for each point scored on a scale of ADL
items.16 ADLs are also considered durable indicators of
activity limitations and consistent with the World Health
Organization’s dimensional framework for disability.17 Even
though ADL-based measures are well-known and presumed
to be useful, there is a paucity of rigorous research supporting the reliability and validity of ADL scales.18 Establishing
the quality of an ADL measure intended for populations with
developmental disabilities could help articulate the needs of
adults with developmental disabilities and facilitate better
research and service provision.
The purpose of this paper is to describe the development
and evaluate the measurement properties of the Waisman
Activities of Daily Living (W-ADL) Scale for adolescents
and adults with developmental disabilities. To guide our
evaluation, we applied a widely cited set of quality criteria
for health measurement scales.19
Materials and methods
Subjects and studies
This analysis makes use of data collected by three
longitudinal studies comprised of four different disability
groups (autism, Down syndrome, fragile X, and intellectual disability of unknown etiology), that together include
1014 study participants. Although these studies were not
prospectively designed for the development of the WADL, they contain a wealth of information related to
the health and functioning of adults with developmental
disabilities. This analysis utilized relevant items and
measures when they were available in each of the studies.
The study populations and selected measures used in the
present analysis are briefly described here; detailed
descriptions have been previously published and are cited
below.
Autism
Data regarding 406 adolescents and adults with autism
(referring to all autism spectrum disorders) initially were
included in an ongoing longitudinal study including 9 points
of measurement spanning a 12-year period.20 The median
age of the participants at Time 1 was 18 years (range:
10e52), and 73% of the participants were male. By parent
report, 6% also had cerebral palsy and 23% had epilepsy
or a seizure disorder. Independent autism diagnoses were
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confirmed with a research-administered Autism Diagnostic
Interview-Revised.21 The W-ADL was completed at Times
1, 4, 7, and 8; approximately ten years elapsed between data
collection between Times 1 and 8. Data collection for Times
7 and 8 occurred approximately 18 months apart. The Vineland Screener, a measure of adaptive behavior, was administered at Time 4. The Vineland Screener is highly correlated
with the full Vineland Scales (correlation coefficients
ranging from 0.87 to 0.98).22 Employment and education
were coded according to Taylor and Seltzer’s Vocational
Index for individuals with autism.23
Fragile X
Data regarding 147 adolescents and adults with fragile X
syndrome were included in the first round of data collection
in an ongoing longitudinal study.24 The median age at the time
of interview was 18 years (range: 12e48), and 82% of the
participants were male. By parent report, 2% also had cerebral
palsy and 11% had epilepsy or a seizure disorder. Fragile X
was ascertained through genetic test results from the participants’ medical records. Data from the first time point are
currently available. Mothers’ perceived caregiving burden
for their adolescent or adult child with fragile X was assessed
using the Zarit Burden Scale.25
Down syndrome and intellectual disability
Data regarding 169 adolescents and adults with Down
syndrome and 292 adolescents and adults with other intellectual disabilities were included in a 10-year longitudinal
study.26,27 The median age of the participants with Down
syndrome at Time 1 was 31 years (range: 15e55), and
61% were male. Down syndrome was ascertained via
parent report. The median age of the participants with other
intellectual disabilities at Time 1 was 35 years (range:
17e66), and 50% were male. Of the 292 individuals with
intellectual disability (but not Down syndrome), maternal
report indicated that 23% had cerebral palsy and 13%
had epilepsy (4% were reported to have both). Of the 169
with Down syndrome, 1% also had cerebral palsy and
2% had epilepsy or a seizure disorder. Data were collected
at eight time points (approximately 18 months apart and
more than ten years total between Times 1 and 8), and
the W-ADL was given at each time. Mothers were the
primary respondents for this study; however, a subset of
fathers concurrently responded to W-ADL items at Time
6. Stanford-Binet intelligence tests were administered at
Times 2 and 3 by professional clinicians and graduate
students in educational psychology.
Evaluation of quality criteria (as adapted from Terwee
and colleagues)
Terwee and colleagues19 proposed eight criteria to
comprehensively evaluate the measurement properties of
an instrument: content validity, internal consistency,

criterion validity, construct validity, reproducibility, responsiveness, floor or ceiling effects, and interpretability. We
summarized the purpose of each of the criteria and applied
each criterion to the W-ADL scale using the methodology
recommended by Terwee and colleagues.

Results
Content validity
Content validity is established via descriptions of the
aim of the measure, target population, item selection and
reduction, and an assessment of the measure’s interpretability and feasibility. Below, we describe the purpose,
development, and feasibility of the W-ADL.
The W-ADL aims to measure the level of independence
in performing typical daily activities for adolescents and
adults. These activities include dressing, grooming, housework/chores, meal-related activities, and activities outside
the home. The target population is adolescents and adults
with substantial intellectual and/or developmental disabilities (including autism, fragile X, Down syndrome, and
intellectual disability of unknown or other etiologies).
The W-ADL is intended to show changes in daily activities
over time, or differences between groups among people
with substantial disabilities. Possible applications include
measuring the natural history and trajectories of daily activities for people with a particular disability, measuring
outcomes of a program designed to improve independence
in daily living skills, or helping to identify environmental or
social factors that promote the performance of ADLs.
Members of the research team, which included experienced clinicians and family members of individuals with
developmental disabilities, selected and modified items
from earlier ADL questionnaires (such as the Barthel28
and Lawton29 scales) and identified additional relevant
activities. The W-ADL is a criterion-referenced measure,
as it is designed to provide information about the level of
performance of common daily activities for adults.
Researchers adapted items to be succinct, appropriately
worded, and applicable to the target population. Prior to
each wave of data collection, items were pilot tested and
feedback was solicited from respondents on the length
and appropriateness of the items. Over time, items that
were nearly always concordant were collapsed into a single
item (such as bathing upper and lower body). We excluded
items that were frequently unanswered or items which were
especially dependent upon an individual’s environment. For
example, we excluded questions about public transportation
or taxi use because participants frequently indicated that
these items were not applicable to their situation.
The 17 items in the final version of the W-ADL (Table 1)
pertain to the current or expected performance of the target
individual at the time when the survey was given. The
target adult’s performance of each activity is rated on
a 3-point scale (0 5 ‘‘does not do at all’’, 1 5 ‘‘does
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Table 1
W-ADL items and scoring
Ability to perform task: 2 5 independent or
does on own; 1 5 does with help; 0 5 does
not do at all

PLEASE RATE (name of child)’S LEVEL OF INDEPENDENCE IN .
1. Making his/her own bed
2. Doing household tasks, including picking up around the house, putting things away, light
housecleaning, etc.
3. Doing errands, including shopping in stores
4. Doing home repairs, including simple repairs around the house, non-technical in nature; for
example, changing light bulbs or repairing a loose screw
5. Doing laundry, washing and drying
6. Washing/bathing
7. Grooming, brushing teeth, combing and/or brushing hair
8. Dressing and undressing
9. Toileting
10. Preparing simple foods requiring no mixing or cooking, including sandwiches, cold cereal, etc.
11. Mixing and cooking simple foods, fry eggs, make pancakes, heat food in microwave, etc.
12. Preparing complete meal
13. Setting and clearing table
14. Drinking from a cup
15. Eating from a plate
16. Washing dishes (including using a dishwasher)
17. Banking and managing daily finances, including keeping track of cash, checking account, paying
bills, etc. (Note: if he/she can do a portion but not all circle ‘1’ with help.)

Instructions: ‘‘We would like to know about your son or daughter’s current level of independence in performing activities of daily living. For each activity,
please tell me the number which best describes your son/daughter’s ability to do the task. For example, independent would mean your son/daughter is able to
do the task without any help or assistance.’’

with help’’, 2 5 ‘‘independent’’), and item scores are
summed to produce an overall score.
Nearly all of the respondents were biological parents of
the target adult. W-ADL items were administered at the
beginning of each study, at three additional time points
for adults with autism, and seven additional time points
for adults with Down syndrome or intellectual disability.
In the autism group, at four time points, a total of 1087
of 1121 (97.0%) attempted W-ADLs had complete
responses to all items. In the Down syndrome and intellectual disability groups, across 8 time points, 2798 of
3023 (92.6%) W-ADLs were completed. At the single
time point in the fragile X group, 100% of W-ADLs for
147 participants were completed. On average, we estimate
the W-ADL took approximately 5 min for parents to
complete.
Internal consistency
Internal consistency is a measure of the relatedness
between items, with greater correlation suggesting that
items are measuring the same underlying construct. We
did not hypothesize potential subscales; rather, we evaluated the item structure using exploratory factor analysis.
We also used the R-implementation of Revelle’s ICLUST
(hierarchical clustering) algorithm to further describe the
item structure.30,31 We then calculated Cronbach’s alpha
and evaluated the alpha according to Terwee and
colleagues’ recommended alpha values of 0.70e0.95.
We performed exploratory factor analysis of the W-ADL
items at the first time point for all participants. We observed

a single factor accounting for 42% of the variance, with
item loadings ranging from 0.46 to 0.77. Additional factors
resulted in marginal increases in the proportion of total
variance explained (3e4% for each additional factor), and
similar findings were observed when each of the four
disability groups were analyzed separately. The ICLUST
algorithm illustrates the relationship between items in terms
of Cronbach’s alpha and Revelle’s beta (worst split-half
criterion) for all four groups combined at Time 1 and
produced a single cluster (Fig. 1). If desired, multiple clusters could be produced by removing the highest-numbered
nodes (e.g., C16 followed by C15 in Fig. 1). Inset in the
corner of Fig. 1 is a ‘‘scree’’ plot showing the eigenvalues
for the first N factors and principal components, suggesting
a single-factor model the most parsimonious.
At Time 1, Cronbach’s alpha values for the W-ADL
were 0.88 in fragile X, 0.90 in autism, 0.91 in Down
syndrome, 0.94 in intellectual disability, falling in the upper
part of Terwee and colleagues’ recommended range
(0.7e0.95). The vast majority of inter-item correlations
ranged from 0.2 to 0.6 across studies.
Criterion validity
Criterion validity refers to how well the scale actually
measures ADLs. Generally, this is tested by correlating the
measure to an established ‘‘gold standard.’’19 However, there
is no consensus ‘‘gold standard’’ measure for ADL scales.18
We correlated ADL scores to the conceptually similar Vineland Screener (Composite Score and ‘‘Daily Living Skills’’
Subdomain Score). Terwee and colleagues recommend
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Fig. 1. Hierarchical cluster (ICLUST) analysis of W-ADL items, path values represent reliability-corrected correlation coefficients, as calculated by
ICLUST. Scree plot (inset lower right) showing eigenvalues of first N factors and principal components. Both suggest a single-factor structure. Includes
all (N 5 989) participants with complete W-ADL at initial time point.

a correlation of 0.7 or greater with the ‘‘gold standard’’
instrument, which was the standard we applied below.
In the autism sample (at Time 4), the W-ADL measure
was highly correlated with the Vineland Screener Adaptive
Behavior Composite Score (r 5 0.78, Fig. 2) and also with
the Daily Living Skills subdomain (r 5 0.82), both greater
than Terwee and colleagues’ recommended minimum of
0.7. 49 of the 249 (19.7%) individuals with autism scored
the minimum score on the Vineland Daily Living Skills
subdomain, suggesting a floor effect on the Vineland
Screener. No floor effect was observed on the simultaneously administered W-ADL.
Construct validity
Construct validity refers to the extent to which the W-ADL
relates to other characteristics in a manner consistent with the
underlying theoretical concept. Prior to analysis, we hypothesized four relationships between W-ADL scores and other
measures across the different studies to test the construct validity. We advanced these specific hypotheses based on the

availability of relevant measures and data in each study. Note
that the studies used an overlappingdbut not an identicaldset
of measures, so we took advantage of available data to test
these hypotheses. We applied Terwee and colleagues’ criterion
that 3 of these 4 hypotheses (75%) should be supported by
the data and subgroups should be greater than 50 participants.
We made four hypotheses to test the construct validity of
the W-ADL. a) We hypothesized that W-ADL scores would
be inversely associated with maternally reported caregiving
burden (measured on the Zarit Burden Scale) for 147 individuals with fragile X. In a linear model, each W-ADL
point was associated with a 0.44 point decrease in caregiving burden (P ! 0.00001, r-squared 5 0.14). b) We
hypothesized that W-ADL scores would be positively associated with the probability of participation in supported or
competitive employment, or a degree-seeking postsecondary educational program, among 170 adults with
autism at Time 4. In a linear model, each W-ADL point
was associated with a 2.8% increase in the probability of
being employed or in a degree-seeking program
(P ! 0.0001, r-squared 5 0.23). c) We hypothesized that
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Fig. 2. Scatterplot showing relationship between Vineland Screener adaptive behavior composite score ( y-axis) and W-ADL score (x-axis) with loess smoothing line. N 5 249 adults with autism at Time 4; points slightly
jittered to avoid overplotting. Pearson correlation coefficient 5 0.78.

W-ADL scores would be positively associated with
Stanford-Binet IQ scores among 266 adults with Down
syndrome or intellectual disability (all had Stanford Binet
IQ <72). Each W-ADL point was associated with a 0.74
point increase in IQ (P ! 0.00001, r-squared 5 0.15). It
is worth noting that 112 of the 266 (42%) scored the
minimum of 36 on the Stanford Binet. In addition to the
266, 132 participants were considered untestable or unable
to complete the Stanford Binet. d) We hypothesized that WADL scores would be inversely associated with maternally
reported need or receipt of respite services (within the
Down syndrome and intellectual disability study). In
a linear model, each W-ADL point was associated with
a 2% decrease in reported need or receipt of respite services
(P ! 0.00001, r-squared 5 0.12).
Thus, we found support for all four of our a priori
hypotheses for relationships between the W-ADL and other
measures, exceeding Terwee and colleagues’ recommendation that 75% of the hypotheses are supported in subgroups
of 50 participants or more.
Reproducibility
Reproducibility is achieved through the minimization
of measurement error; a test should show little change in
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stable subjects, consistency between raters, and should be
capable of discriminating between subjects. To estimate
agreement, we calculated the standard error of the measure
(SEMagreement) as the square root of the residual error of
the intra-class correlation coefficient (ICC) comparing
consecutive time points for individuals in the autism and
Down syndrome/intellectual disability groups.19,32 The
SEMindividual was 1.9 in the Down syndrome and intellectual
disability groups and 2.0 in the autism group.
Using the SEMagreement, we calculated the smallest detectable change (SDC) for individuals (SEM  O2  1.96), and
groups (SDCindividual/Oparticipants). Although we report the
SDCindividual, our primary goal was to evaluate the scale
for research use and group comparisons. Therefore, the
SDCindividual is 5.2 and 5.5, respectively. Using the larger
value of 5.5, the SDCgroup would fall below 1 point in a study
with at least 30 participants.
We measured reliability using a quadratic-weighted
kappa (equivalent to the ICC) between consecutive time
points for individuals with autism, Down syndrome, or
intellectual disability. Among individuals in the Down
syndrome and intellectual disability studies, we compared
W-ADL scores at Times 1 and 2, and Times 2 and 3. The
weighted kappa comparing Times 1 and 2 (n 5 381) was
0.92, and k 5 0.93 for Times 2 and 3 (n 5 325). For adults
with autism, Times 7 and 8 (approx. 18 months apart) were
the only consecutive time points when the W-ADL was
included, and k 5 0.93 among 209 participants with scores
at both times. We also measured the reliability between
concurrent mother and father responses for participants in
the Down syndrome and intellectual disability groups (the
only instance when two raters completed the W-ADL at
the same time). Among adults in the Down syndrome and
intellectual disability studies at Time 6, the quadratic
weighted kappa for inter-rater reliability between 241
complete motherefather responses was 0.88.
These kappa values exceeded the recommended threshold
of 0.7, which was the recommended minimum by Terwee
and colleagues. The fragile X group only had data from
a single measurement available at the time of this manuscript, so reliability could not be calculated for this group.
Responsiveness
Responsiveness refers to the ability to detect changes
over time. Although there is little research on the trajectories of ADLs for adults with autism or other developmental
disabilities, prior studies have found have found that,
among children with autism, co-occurring intellectual
disability was associated with less growth in daily living
skills on the Vineland Scales.33 Thus, we hypothesized that
individuals with autism and no intellectual disability would
demonstrate greater gains over adolescence and early adulthood, compared to adolescents and adults with autism and
intellectual disability. To measure age-related change in
these groups, we used mixed-effects regression models with
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different parameterizations of age. The addition of either
quadratic (age  age) or inverse (1/age) terms suggested
better fit (via the Aikaike Information Criterion) over
models that only include a linear term for age. We
compared these changes over time to the smallest detectable change at the group level.
In the mixed-effects regression models, individuals with
autism and no intellectual disability increased an average of
4.9 W-ADL points between the ages of 14 through 25. Individuals with autism and an intellectual disability showed an
average increase of just over 1 point (1.1e1.6, depending on
parameterization) over the same age range. As the SDCgroup
was well under 1 point in these samples, the W-ADL was able
to detect changes over time and to reflect different patterns of
change between groups. Smith and colleagues performed
a thorough longitudinal analysis confirming the different
trajectories by intellectual disability status.34
Floor or ceiling effects
Floor or ceiling effects occur when many participants
score at the minimum or maximum values of a measure,
and suggest the measure has inadequate range to capture
the variability present in a given population. Terwee and
colleagues recommend fewer than 15% of participants
score the minimum or maximum on a continuous scale,
a standard we applied below.
There were no floor or ceiling effects in any of the 4
groups (Down syndrome, intellectual disability, autism,
and fragile X) on the W-ADL. Very few participants scored
the minimum or maximum level of the W-ADL at any time
point; 2 of the 147 participants with fragile X achieved the
maximum, and none were at the minimum. Among participants with autism, Down syndrome, or intellectual
disability, 1% of participants scored either the maximum
or minimum on the scale at the initial time point. This is
well within Terwee and colleagues’ recommendation that
fewer than 15% achieve either extreme score.

in Fig. 3. The smallest group difference in W-ADL scores
was 3.1 points, between the ‘‘mild’’ and ‘‘moderate’’ categories; this difference was larger than the smallest detectable
group change.
Discussion
This analysis supports the reliability and validity of the
W-ADL in research on adolescents and adults with developmental disabilities. By evaluating this measure in the
context of three large and established longitudinal studiesdthat together encompass four major clinical groups
(autism, fragile X, Down syndrome, and intellectual
disability of no known etiology)dwe were able to demonstrate that the W-ADL exceeded Terwee and colleagues’
recommended measurement criteria. To our knowledge,
this is one of the most comprehensive analyses of the
measurement properties of an ADL-based questionnaire.
The 17-item W-ADL appears to be an extremely efficient and practical measure for assessing adults with relatively substantial disabilities. We observed a strong
association with the Vineland Screener, which contains 90
items and displayed a floor effect in the autism group. Similarly, the W-ADL was associated with clinician-assessed
Stanford Binet IQ scores among the adults with Down
syndrome and/or intellectual disability, although many
participants scored at the floor of the Stanford Binet or were
deemed ‘‘untestable’’. In contrast, the W-ADL was able to
detect group differences between subjective or categorical
‘‘levels’’ of intellectual disability, including between severe
and profound intellectual disability. Whereas many of the
study participants scored at the extreme low end of the

Interpretability
Interpretability refers to the ability of the scale to convey
qualitative or categorical meaning to the scale score. Terwee and colleagues suggest comparing means and standard
deviations for four subgroups.
At the initial time point, data on the ‘‘level’’ of intellectual disability (‘‘mild’’, ‘‘moderate’’, ‘‘severe’’, ‘‘profound’’)
of individuals with Down syndrome or intellectual disability
were obtained from agency or school records and confirmed
by research administered IQ tests and maternal report. We
calculated the mean and standard deviation of W-ADL
scores among reported ‘‘levels’’ of intellectual disability at
the initial time point and plotted with ggplot2.35 There were
significant differences in W-ADL scores (via pairwise t-tests,
P ! 0.0001) between all pairs of categories, and the means
and standard deviations within each category are presented

Fig. 3. Boxplot showing W-ADL scores by reported ‘‘level’’ of intellectual disability among 455 adults with Down syndrome and intellectual
disability at Time 1. Means and standard deviations for each level shown
below figure, showing differentiation between groups.
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population distribution on other measures, substantial
differences within these groups emerged when using an
appropriate and adult-oriented tool.
The majority of the participants in these studies had
significant intellectual disabilities or other serious impairments. Therefore, we have limited information related to
the level of performance equal to the ‘‘ceiling’’ of the scale.
There were 26 participants with autism that had IQs greater
than 100 (at Time 4), but the mean W-ADL score for this
group was 28.3 and only 1 participant scored the maximum
of 34. Future work should consider items that may extend
the ‘‘ceiling’’ of the W-ADL. The selection of additional
activities should be informed through soliciting suggestions
from individuals with the disability (when feasible) and
their family members or caregivers. A planned future study
to be conducted by our research group will directly interview participants about the determinants of their quality
of life, and their responses will help inform the future
development of the W-ADL.
This study has some limitations, as the longitudinal
studies were not designed for the purpose of evaluating
the W-ADL. Although the weighted kappa (or ICC) for
consecutive time points was high, real changes in the
performance of activities between measurements were interpreted as part of the measurement error, possibly inflating
our estimate of the SDC. Increasing the number of items
and the range of responses for each item would likely
increase the quadratic-weighted kappa and, in turn, decrease
the SDC.36 However, these improvements in measurement
statistics would likely come at the expense of efficiency
(by requiring more items) or the interpretability of the scale
units (for instance, if items were scored on a scale from 0 to
5). Another limitation is that our assessment of the W-ADL
was based almost exclusively on parent-report approaches.
The vast majority of participants were living at home at
the start of the study. Future work could examine W-ADL
reliability between non-parent respondents.
Like other ADL-based measures, further work is needed
to determine the minimum important change in scores.18
One recommended method for determining the minimum
important change is through an anchor-based approach.37
However, because each point on the W-ADL represents
partial or complete independence in a specific activity, any
change in score could be perceived as important. The smallest important change may depend on the specific activities
that change as well the context in which the changes occur.
Additional work is also needed to develop inferences that
could be made on the basis of W-ADL scores. We found that
the W-ADL was associated with perceived caregiving
burden, parent-reported need for services, and educational
and vocational attainment; these associations could form
the basis for a deeper analysis of the W-ADL’s predictive
and discriminative properties. (e.g., Does a score at a certain
age predict future employment or living situation? How well
do scores discriminate between people that do and don’t
qualify for certain services?).
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A major strength of this analysis is that it utilizes some of
the largest and longest running studies of the phenotype of
autism, fragile X, Down syndrome, and intellectual disability
in adulthood. In addition to the W-ADL items, numerous
other instruments and questionnaires were administered
throughout the studies affording the opportunity to examine
different aspects of validity. Another important advantage of
this study is the inclusion of adults with different categorical
diagnoses. While the symptomatology and etiology between
fragile X, Down syndrome, autism, and intellectual disability
may differ, the W-ADL performed similarly across groups in
terms of measurement properties.
An alternative measure to the W-ADL is the Scales of
Independent Behavior-Revised (SIB-R) Short Form.38 The
SIB-R Short Form is a norm-referenced, 40-item measure
of adaptive behavior used to determine a person’s level of
functioning, and it has been regularly used to assess adults
with intellectual or developmental disabilities. Each item is
rated on a 4-point scale corresponding to either the proportion of time a person performsdor could performda task
without help or supervision. Whereas the SIB-R focuses
on capacity to carry out a task, the W-ADL focuses on
the actual performance of activities which, as described
by the ICF, is concerned with an individual in his or her
current environment (which may include assistive devices
or other support). The SIB-R Short Form also tends to
contain more narrowly defined tasks compared to the WADL. For example, the W-ADL contains an item on getting
dressed, while the SIB-R Short Form contains multiple
items about dressing, including an item on tying shoelaces.
Someone wearing shoes with hook-and-loop fasteners (i.e.,
Velcro) could perform the activity of getting dressed
without having the capacity to tie shoelaces, and thus
would not be credited in the SIB-R. These conceptual
differences could make one measure preferable over the
other, depending on whether the goal is to measure specific
skills or the lived experience of a person with disability.
The W-ADL may also have utility in disability screening
or large surveys, particularly in low-resource settings.
Activity- or ADL-based measures have been used in
disability screening and their interdisciplinary and crosscultural relevance offer practical utility in many situations.17,39e41 Additional work is needed to assess whether
these items are relevant in different contexts and cultures,
and to consider how specific activities may be more or less
essential todor representative ofdtypical life situations.
Here, the ICF would serve as a useful framework for identifying important new activities, for understanding relationships between different levels of disability, and for
identifying environmental barriers and facilitators for the
performance of activities.
In summary, the W-ADL Scale is a freely available (at
www.waisman.wisc.edu/family/WADL) measure of activities of daily living for adolescents and adults with developmental disabilities. As a research tool, the W-ADL
demonstrated excellent measurement properties across four
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well-characterized groups of developmental disabilities
including autism, Down syndrome, fragile X, and intellectual disability.
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