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This perspective article provides an example of a study planned using guidelines for
comprehensive rehabilitation outcomes research, an approach that is believed to give
service providers meaningful evidence to support practice. This line of investigation
has been guided by the World Health Organization’s International Classification of
Functioning, Disability and Health. The short title of a study under way is Move &
PLAY (Movement and Participation in Life Activities of Young Children). The article
briefly describes the conceptual model, provides guidelines on how indicators and
measures are selected, alludes to the details of selected measures, and describes
processes of preparing for data collection, including obtaining ethics approval,
preparing data collection booklets, training assessors and interviewers, and sampling.
The aim of this investigation is to gain a better understanding of the multiple child,
family, and service factors associated with changes in mobility, self-care, and play of
preschool children with cerebral palsy as a result of using this research method.
Comprehensive rehabilitation outcomes research holds promise in providing evi-
dence that supports the complexities of planning rehabilitation services with clients
with chronic conditions, such as children with cerebral palsy.
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Rehabilitation service providers
work with clients with a range
of conditions whose outcomes

are associated with many factors, in-
cluding, but not limited to, the ser-
vices they receive. Traditionally, out-
comes of health care have been
attributed solely to 2 aspects of ser-
vices provided: the structure of prac-
tice (ie, the training of care providers
and the nature of equipment and the
facility) and the process of delivering
care (ie, the selection of the appro-
priate intervention and skillful ad-
ministration).1 Kane2 suggested that
outcomes also are a result of patient-
specific factors such as baseline sta-
tus and clinical, demographic, and
psychological characteristics, as well
as the treatment and the setting in
which the treatment was conducted.
More recently, emerging conceptual-
izations of “disability” or “rehabilita-
tion” outcomes research3,4 recognize
that outcomes are attributable to a
complex array of factors, both
within the individuals involved and
within the environments in which
they live.

This complexity poses a challenge
for clinicians who strive to be
evidence-based. To be useful, re-
search evidence to support clinical
practice must reflect this complex-
ity; increasingly, there is a call for
research to meet this need.5–7 In con-
trast to using the standard reduction-
ist approaches to answering clinical
questions in rehabilitation, Collins
proposed that “inclusion of complex
systems approaches to theory, study
design, methods, conduct and analy-
sis may. . .enhance the clinical rele-
vance of research.”6(p1394) We con-
cur with other authors8–10 who
believe that research needs to make
use of, rather than eliminate, sources
of variation in outcomes and that
phenomena, such as early motor de-
velopment of children with cerebral
palsy (CP), need to be studied holis-
tically. By “holistically,” we mean
that key multiple determinants relat-

ing to the outcome of interest need
to be considered. These determi-
nants can be within individuals with
a specific health condition or within
their contexts, or they can be an in-
teraction between personal and en-
vironmental factors. In short, reha-
bilitation service providers need
research evidence that reflects the
“messiness” of their clinical reali-
ties.11 We have embraced “com-
prehensive rehabilitation outcomes
research”5 as a method that acknowl-
edges complexity, is consistent with
client-centered care, brings clini-
cians and researchers together in col-
laboration, and bridges the gap be-
tween conducting research and
incorporating it into practice. The
goal of comprehensive rehabilitation
outcomes research is to provide an
understanding of the complex influ-
ences on health status and out-
comes, including both direct and in-
direct effects, for clients with
chronic conditions. Comprehensive
rehabilitation outcomes research is
described in detail in an article pub-
lished in 20045; a brief overview is
provided next.

Conducting
Comprehensive
Rehabilitation Outcomes
Research
A first step is to work collaboratively
with a team to develop a conceptual
model using personal perspectives,
theory, and research evidence to in-
form model development. At a min-
imum, team members consist of cli-
ents, clinicians, and researchers who
work together to identify relevant
outcomes and determinants of those
outcomes and to propose relation-
ships among the identified con-
structs for a target clinical popula-
tion. These constructs are identified
as “latent” because they are not di-
rectly measured. Accordingly, the
next step is to identify indicators of
the latent constructs. Again, these
constructs are identified collabora-

tively using personal perspectives,
theory, and research evidence. Fol-
lowing the identification of key indi-
cators for each construct, it is pri-
marily the researchers’ responsibility
to identify measures that provide re-
liable and valid estimates of these
indicators and that are acceptable to
clients and clinically feasible to ad-
minister. A challenge of this type of
work is a lack of existing measures
with psychometrically sound proper-
ties; thus, there is frequently a need
to develop and test some measures
in the context of a study. Prior to
collecting data, ethical approval and
funding or in-kind support must be
obtained.

A second challenge in conducting
this type of research is that the re-
quired sample sizes are large and sig-
nificant resources are needed to re-
cruit and retain participants and
implement data collection at multi-
ple sites. Traditionally, granting
agencies have not been enthusiastic
about supporting this type of re-
search, in part because “outcomes
research” is considered a relatively
low form of evidence (ie, level 2c in
the Levels of Evidence Table pro-
duced by the Oxford Centre for
Evidence-Based Medicine12). Appro-
priate research, however, should be
used to answer the posed research
questions. Our group believes that
level 2c is the best design option for
comprehensive rehabilitation out-
comes research.13

Once the data have been collected,
analytical approaches including
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structural equation modeling (SEM)
have been identified as ideally suited
to complex rehabilitation re-
search.14,15 Using SEM, one is able to
test the fit between data collected on
the indicators of constructs and the
conceptual model, as specified by
the research team. Importantly, one
is able to test direct and indirect ef-
fects among constructs simulta-
neously. Analysis poses a third chal-
lenge to this type of research;
typically a statistical consultant with
a high level of skill is required, add-
ing to the costs of conducting this
type of work. Once the data have
been analyzed, the team is assem-
bled to discuss interpretation and
prepare a range of dissemination ma-
terials, including both peer-reviewed
and non–peer-reviewed products.
Because clients and clinicians have
been collaborators throughout,
meaningful knowledge translation is
facilitated.5

Adoption of the biopsychosocial
model of disability described in the
World Health Organization’s Inter-
national Classification of Function-
ing, Disability and Health (ICF)16

has facilitated the era of “disability”
or “rehabilitation” outcomes re-
search.3,4,17 The ICF and the recently
published ICF for children and
youth18 consider “body structure
and function” (or impairments), “ac-
tivity” (what people can do), and
“participation” (what people actu-
ally do) as being modified by “per-
sonal factors” (things that are associ-
ated with people, but not their
health conditions) and physical, so-
cial, and attitudinal aspects of the
“environment.” We distinguish be-
tween primary impairments (present
at the outset of a condition) and sec-
ondary impairments (arising over
time as a result of a primary impair-
ment)19 because of the important
clinical focus on tertiary prevention
for rehabilitation service providers
working with clients with chronic
conditions.20,21 Using the ICF, “func-
tioning” is the product of the com-
plex interaction among all of these
components, which need to be con-
sidered when planning both compre-
hensive rehabilitation outcomes re-
search and rehabilitation services for
individual clients.

Pros and Cons of This Type
of Research
We started this perspective by high-
lighting that services are one of many
determinants of an outcome. We
need to be clear that we are indeed
interested in the impact of services,
in the context of other determinants,
on outcomes. A limitation of com-
prehensive rehabilitation outcomes
research is that it cannot establish
causality of services definitively; it
can only illuminate associations
among a range of determinants and
outcomes. The only research design
that can establish causality defini-
tively is the randomized controlled
trial (RCT). The RCT was designed
for drug trials in which a single in-
tervention is provided and compared
with a placebo. The RCT provides
evidence of effectiveness of an inter-
vention that is obtained under stan-
dardized and controlled conditions.
The challenge in applying the RCT
to physical therapy is that patients/
clients receive multiple interven-
tions (communication and coordina-
tion, patient/client-related instruction,
and procedural interventions) and
standardized conditions may not be
feasible in routine practice. The RCT
is used to determine group re-
sponses. The assumption is that indi-
vidual differences are either con-
trolled or eliminated through
randomization22,23 and that there is
little or no interaction of the inter-
vention with personal or environ-
mental factors.

If, however, one is interested in
studying a rehabilitation intervention
that is multidimensional, complex
and interactive, and individualized,
observational designs might provide
the best options, assuming the sam-
ple size is sufficiently large.8 As indi-
cated earlier, like other authors, we
are interested in using a design that
makes use of, rather than eliminates,
the natural inter-individual variability
that is commonly associated with the

Figure 1.
Spectrum of factors contributing to decisions about study design to ascertain the
effectiveness of interventions.
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people we see in practice.9,24–26 Fig-
ure 1 illustrates the spectrum of fac-
tors that contribute to the decision
to do an RCT (a study of difference)
or a study to understand the natural
variation of a phenomenon and its
determinants (a study of associa-
tion). Comprehensive rehabilitation
outcomes research is a study of asso-
ciation. Structural equation model-
ing, the analytical method used in
this approach, relies on variance and
covariance matrices as data input; it
capitalizes on the relationships
among factors.

Although this approach cannot es-
tablish a causal link between an as-
pect of intervention and a specific
outcome, standard epidemiological
principles are used to increase the
probability or likelihood that at least
part of the outcome is associated
with the intervention. These princi-
ples include temporality, reversibil-
ity, strength, dose-response, consis-
tency, and plausibility, as well as
ruling out alternative explanations.27

In short, detailed critical appraisal of
results is required, in the context of
existing literature, to assist with in-
terpretation of study results. Obser-
vational designs do not eliminate po-
tential confounding factors. In this
design, it is of interest to ascertain
the contribution of all possible deter-
minants, including confounding fac-
tors, together on the outcome of in-
terest. In reality, this type of research
reflects actual practice; therefore,
findings of association should add
rich information to the evidence
base for practice. On balance, and
despite some inherent limitations,
we feel that comprehensive rehabil-
itation outcomes research is best-
suited to our research agenda.

The purposes of this article are: (1)
to describe an example of compre-
hensive rehabilitation outcomes re-
search that is guided by the ICF, (2)
to provide an overview of the mea-
surement model of a study in

progress, (3) to describe the prepa-
ration for data collection, and (4) to
outline the next steps of our work, as
well as to discuss the clinical impli-
cations of conducting this type of
research. Communicating the results
of this type of work is difficult be-
cause of the complexity of the ap-
proach. Thus, we have elected to
prepare separate articles to describe
in detail our updated conceptual
model (unpublished research) and
our measurement model (in this ar-
ticle). We plan to prepare future ar-
ticles that report in detail the sample
and analytic results and specific im-
plications for rehabilitation practice.

Our Context: The Move &
PLAY Study
A dilemma facing rehabilitation prac-
titioners working with children with
CP and their families is that the evi-
dence base supporting current prac-
tice from a comprehensive perspec-
tive is very weak. We are conducting
a multi-site study to test a multivari-
ate conceptual model of determi-
nants of basic motor abilities, self-
care, and play that is consistent with
systems theory,28 theories of human
ecology,29 and a philosophical ap-
proach incorporating family-
centered care30 in the context of the
framework of the ICF16,18 of func-
tionally distinct groups of young chil-
dren with CP classified using the
Gross Motor Function Classification
System (GMFCS).31 The short title of
our study is Move & PLAY (referring
to “Movement and Participation in
Life Activities of Young children). In
a related article (unpublished re-
search), we will describe the devel-
opment of the conceptual model in
detail (illustrated in Fig. 2).

Our outcomes of interest include the
acquisition of basic motor abilities
(an activity-level variable) and en-
gagement in self-care and play
(participation-level variables). Deter-
minants of these outcomes include
the primary and secondary impair-

ments and associated and comorbid
health problems related to the CP
diagnosis and personal child factors
that are unrelated to having a diag-
nosis of CP. In addition, 2 aspects of
the environment are considered: (1)
supports provided by families and
(2) supports provided by rehabilita-
tion and community services. The
ICF offers a framework for under-
standing the biopsychosocial nature
of disability that is compatible with
systems theory and theories of hu-
man ecology. These all suggest that
development occurs in a specific
context as a result of the interaction
of many elements of both the person
and environment, with family envi-
ronment being a key aspect for chil-
dren. In accordance with family-
centered care, rehabilitation and
community services are considered
in the family context.

The Measurement Model
for the Move & PLAY Study
Selection of Indicators
Guided by the original conceptual
model,19 and in the spirit of parsi-
mony, physical therapists in the
province of Ontario assisted in the
development of the measurement
model by coming to a consensus
about the most important indicators
of the specified constructs that are
associated with the acquisition of ba-
sic motor abilities among young chil-
dren with CP.32 The indicators that
they selected were consistent with
the available research literature at
that time,32 and these indicators pro-
vided a starting point for measure-
ment selection. The indicators that
we used in the Move & PLAY study
were refined by study investigators
in the process of grant preparation
and are listed in Tables 1 and 2.

Selection of Measures
As recommended by Andresen,50

measures have been selected with
the following criteria in mind: (1) the
instrument is a valid measure of an
indicator of a specific construct in
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our model; (2) the instrument can be
reliably administered to young chil-
dren with CP and their parents; (3)
the instrument is feasible to admin-
ister in a community setting; (4) the
length and content of each instru-
ment are acceptable to children and
their parents; (5) the instrument is
easy to administer, score, and inter-
pret; (6) the instrument (if an indica-
tor of a determinant) has properties
of a discriminative tool, is sensitive
to variations among children and
families, and is not subject to either
ceiling or floor effects; and (7) the
instrument (if an indicator of an out-
come) has properties of an evalua-
tive tool (ie, is sensitive to change).
In addition, compatible with the re-
quirements of SEM,51 the instru-
ments selected to measure the latent
constructs should: (1) be able to de-
tect intersubject variability, (2) pro-
vide relatively normally distributed
data, and (3) have a linear relation-
ship to the dependent variable or
construct. The latter 2 points will be

dealt with at the analysis stage; trans-
formations of variables that are not
normally distributed or have a non-
linear relationship to the dependent
construct will be considered. In con-
sidering the criterion of “functional-
ity,” we opted for instruments that
measure behavior in context. For
those measures that either did not
have psychometric information or
were developed for the purpose of
this study, we built measurement
substudies into our current work
(see “Psychometric Properties” in
Tabs. 1 and 2) for future reporting.

Two parent consultants reviewed
the measures that were intended for
parent completion, either through
self-completion or through a struc-
tured interview. We asked them to
pay particular attention to the mea-
sures that we had developed for this
study. The parent consultants recom-
mended revision of terminology to
be more family-centered, provision
of additional examples to clarify

questions on several measures, addi-
tional content on some of the mea-
sures we developed for the study,
and revisions to the instructions of
one standardized measure that was
perceived to be difficult to com-
plete. A summary of the constructs,
indicators, and measures is con-
tained in Tables 1 and 2 for the
therapist- and parent-completed
measures, respectively, as well as the
psychometric properties of these in-
struments and the time to complete
them.

Brief Description of Measures
Outcomes of interest. Basic mo-
tor abilities were measured using
the Gross Motor Function Measure
(GMFM),37 a reliable and valid evalu-
ative instrument for measuring
change in motor function of children
with CP. Each item is measured by
observation and scored on a 4-point
ordinal scale from 0 (“does not initi-
ate”) to 3 (“completes”). We used a
reliable and valid abbreviated ver-

Figure 2.
The multivariate model of determinants of change in motor abilities and participation in daily activities for children with cerebral
palsy.
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sion of this measure, as well as the
Gross Motor Ability Estimator
(GMAE), to calculate a total
GMFM-66 score.52

The construct “engagement in self-
care and play” reflects the partici-
pation component of the ICF (ie,
involvement in life situations).16,18

This construct was measured using 2
instruments, of which the first is a
questionnaire (Tab. 1) developed by
the research team. The question-
naire consists of 2 parts: (1) interac-
tion with others and play (11 items),

and (2) self-care (7 items). The first
part (interaction with others and
play) measures the participation and
degree of enjoyment of the child in
family and community life and in lei-
sure and recreational activities. The
2 dimensions are scored on a 5-point
Likert scale: how often a child par-
ticipates (“very often” to “never”)
and the degree of enjoyment (“a
great deal” to “not at all”). The sec-
ond part (self-care) measures the de-
gree to which the child is able to
participate in daily self-care activities
(feeding, dressing, bathing, and toi-

leting). The ratings for daily self-care
activities (“yes, initiates and per-
forms consistently” to “no, unable”)
distinguish the need for physical as-
sistance of an adult and, for children
who do not require adult assistance,
whether the child is able to perform
the activity consistently. Average di-
mension scores for participation, en-
joyment, and self-care will be used
for analysis.

The second instrument, the Test of
Playfulness (version 4),38,39 is an ob-
servational assessment of the pro-

Table 1.
Measures That Were Sent to the Parents Prior to Either the Home or Clinic Visit or Telephone Interview

Construct Indicators Measures Psychometric Properties
Time to

Complete

Engagement in self-
care and play

Participation in family and
community life,
including leisure and
recreation activities

Activities of daily living

Child Engagement in
Daily Life Measure

Developed for the purpose of the study.
We are incorporating test-retest
reliability, discriminant validity
testing, and evaluation of sensitivity
to change over the period of 1 year.

15 min

Secondary
impairments

Endurance Endurance
Questionnaire

Developed for the purpose of the study.
We are incorporating test-retest
reliability and concurrent validity
testing in the larger study.

10 min

Associated conditions
and comorbidities

Associated conditions
Comorbidities

Health Problems
Measure

Developed from the international
definition of cerebral palsy33

(therefore, has content validity). We
will establish test-retest reliability and
discriminant validity.

10 min

Child adaptive
behavior

Sensorimotor organization
Self-initiated behaviors
Reactive behaviors

Early Coping
Inventory34

Interrater reliability: .80–.94
Discriminant validity

10 min

Family ecology Family relationships
Personal growth
System maintenance

Family Environment
Scale35

Internal consistency: .61–.78
Test-retest reliability: .54–.91
Concurrent validity with valid measures

of family function

35 min

Family ecology Expectations Family’s Expectations
of Child Measure

Developed with parents by lead author
(therefore, has content validity and
test-retest reliability); no difference
between repeated measures

5 min

Family ecology Support to child Family’s Support to
Child Measure

Developed with parents by lead author
(therefore, has content validity and
test-retest reliability); no difference
between repeated measures

5 min

Family ecology Support to family Family Support
Scale36

Internal consistency: .79
Test-retest reliability: .91
Content validity (factor analysis)

5 min

Rehabilitation
services

Number and duration of
involvement in therapy
and special education

Accessibility of services
Coordination of care
Extent needs met
Focus of therapy services

Service Questionnaire Developed for the purpose of this study
from the Guide to Physical Therapist
Practice21 (therefore, has content
validity). We will establish test-retest
reliability.

25 min
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cess and playfulness of play of chil-
dren aged 6 months to adolescence
(Tab. 2). The measure consists of 30
items rated on a 4-point ordinal scale
that reflects extent, intensity, or skill-
fulness of specific behaviors. We col-
lected data from direct observation
of parents playing with their chil-
dren. A total score on the Test of
Playfulness is determined using Ra-
sch analysis to account for individual
rater leniency in scoring and item-
difficulty order.39 The score repre-
sents the relative playfulness of the
child. Higher scores indicate that the
child is more playful.

Primary impairments
Spasticity (or hypertonicity) was
measured using the Modified Ash-
worth Scale (MAS).42 Three repeti-

tions of tests to measure spasticity of
the elbow flexor and hamstring mus-
cles were performed by moving a
joint passively through its range of
motion at a standard speed and rat-
ing the resistance of stretched mus-
cles on a 6-point scale (from 0, mean-
ing “no resistance,” through 1, �1,
2, 3, and 4, meaning the affected part
is “rigid in flexion or extension”).
The scoring was rescaled from 0
through 5 for analysis. Analyses are
planned based on the average values
in the 4 body regions.

Quality of movement was measured
by portions of an adapted version of
the Gross Motor Performance Mea-
sure (GMPM).44 We selected 2 at-
tributes (“dissociated movement”
and “coordination”) and aimed for 3

trials on 2 items for each attribute,
with the item determined individu-
ally based on the child’s functional
abilities. Attributes were scored on a
4-point ordinal scale from 0 (“se-
verely abnormal”) to 3 (“normal,
without cues”) (personal communi-
cation, Virginia Wright, Bloorview
Kids Rehab, Spring 2007). Analysis
will be done on average scores of
available data.

Balance was measured using the Pe-
diatric Balance Scale (PBS)45 for chil-
dren in GMFCS levels I, II, and III.
This scale has 14 items, each of
which is scored on a 5-point ordinal
scale from 0 (“needs assistance to
perform”) to 5 (“able to do task in-
dependently”). The maximum score
is 56, which is determined by sum-

Table 2.
Measures That Were Administered to the Child at a Home or Clinic Visita

Construct Indicators Measures Psychometric Properties Time to Complete

Basic motor abilities Gross motor function A minimum of 15 items
from the Gross Motor
Function Measure37

Interrater, test-retest
reliability: ICC�.97

Validated with Rasch analysis
Responsive to change

20 min

Engagement in play Playfulness Test of Playfulness38–41 Validated with Rasch analysis 10 min (plus 10 min
to score)

Primary impairments Spasticity Modified Ashworth Scale,42

elbow flexor and
hamstring muscles

Convergent validity
Interrater reliability:

ICC�.7943

5 min

Primary impairments Quality of movement 4 items from the Gross
Motor Performance
Measure44

Discriminant validity
Interrater, intrarater, and

test-retest reliability:
ICC�.92–.96

10 min

Primary impairments Balance Pediatric Balance Scale45 Interrater reliability: .89–1.0
Discriminant validity47

15 min

Movement Assessment of
Infants46

Adapted for our study. We
will test discriminant
validity and interrater
reliability.

10 min

Primary impairments Distribution Monoplegia, hemiplegia,
diplegia, triplegia,
quadriplegia48

Stability of rating over 1 year
is being determined

1 min

Secondary impairments Range of motion Spinal Alignment and
Range of Motion
Measure49

Reliability: ICC�.80
Discriminant validity

15 min

Secondary impairments Strength Muscle strength Developed for the study. We
will conduct interrater
reliability and discriminant
validity testing.

10 min

a ICC�intraclass correlation coefficient.
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ming the item scores. For children in
GMFCS levels III, IV, and V, balance
was measured using selected items
from the “Automatic Reactions” sec-
tion of the Movement Assessment of
Infants (MAI).46 Each item is mea-
sured on a 4-point ordinal scale. For
our purposes, we have reversed the
response options from 1, indicating
“no response,” to 4, indicating “com-
plete and consistent response,” so
that scaling is consistent among all
indicators of the primary impair-
ments. We have plans to amalgamate
data across these 2 measures so that
we have a continuous measure for
children of all GMFCS levels.

Distribution of involvement was as
follows: (1) monoplegia—involve-
ment of 1 extremity, (2) hemiple-
gia—involvement predominantly on
one side of the body, (3) diplegia—
involvement in the lower extremities
greater than the upper extremities,
(4) triplegia—involvement of 3 ex-
tremities, and (5) quadriplegia—in-
volvement in all 4 limbs, with the
upper extremities involved as much
as or more than the lower
extremities.

Secondary impairments. Range
of motion was measured using the
26-item Spinal Alignment and Range
of Motion Measure (SAROMM).49 Each
item is scored on a 5-point Likert scale,
with 0 indicating “normal alignment
and range with or without active cor-
rection,” 1 indicating “normal align-
ment and range with passive correc-
tion,” and 2, 3, and 4 indicating fixed
deformities or contractures that are
“mild,” “moderate,” or “severe,” re-
spectively, based on prespecified cut-
points and supported by photographs
in the training manual (available at:
http://www.canchild.ca/en/measures/
saromm.asp). We will use average
item scores for analysis.

We approached examination of mus-
cle strength with an emphasis on ob-
taining an estimate from major mus-

cle groups only. We examined neck
and trunk flexors and extensors, hip
and knee extensors, ankle plantar
flexors, and shoulder flexors bilater-
ally. Each item was evaluated on a
5-point ordinal scale from 0
(“no initiation of movement against
gravity”) to 4 (“full available range
against gravity and some or strong
resistance”). We plan to use the av-
erage item scores for the analysis.

Endurance was measured using a
newly constructed, parent-rated
questionnaire. This measure con-
tains 10 questions related to activity
level and fatigue, 8 of which are an-
swered “never,” “rarely,” “some-
times,” “often,” or “always.” Two
additional questions ask how many
minutes, on average, the child moves
actively, either indoors or outdoors,
before needing a rest (with response
options of 0, 1–5, 6–10, 11–20, and
longer than 20 minutes). For analy-
sis, we will use the average of items
reflecting indoor activity, outdoor
activity, and energy levels. High
scores indicate high levels of
endurance.

Associated conditions and co-
morbidities. We developed a
scale to measure the extent to which
health problems influence children’s
activities based on the associated
conditions and comorbidities in-
cluded in the new international con-
sensus definition of CP32 and catego-
ries contained in the ICF.16,18 The
content of the health questions in-
cludes seeing, hearing, learning and
understanding, speaking or commu-
nicating, controlling emotions or be-
havior, seizures or epilepsy, oral mo-
tor, teeth and gums, digestion,
growth, sleeping, repeated infec-
tions, breathing, skin, heart, and
pain. Parents responded either “yes”
or “no” to each question (eg, “Does
your child have problems seeing?”).
If parents answered “yes,” they also
were asked, “To what extent does
this problem affect your child’s daily

activities?” (with response options of
1 [“not at all”] to 7 [“to a very great
extent”]). Descriptive analysis will
be conducted based on the number
of health problems and the average
effect on activity level.

Child adaptive behavior. Child
adaptive behavior was measured us-
ing the Early Coping Inventory,34

which is designed for infants and
toddlers 4 to 36 months of age; how-
ever, we used it for all of the children
in the study. It consists of 48 items;
for each statement, parents rate their
child’s behavior from 1 (“not effec-
tive”) to 5 (“consistently effective
across situations”). We will use the
total score in the analysis.

Family ecology. Family functioning
was measured using the 90-item Fam-
ily Environment Scale.35 Items repre-
sent the following 3 dimensions (and
10 subscales of family functioning):
(1) relationships (cohesion, expres-
siveness, and conflict), (2) personal
growth (independence, achievement
orientation, intellectual-cultural orien-
tation, active-recreational orientation,
and moral-religious orientation), and
(3) system maintenance (organization
and control). Each item is scored
“true” or “false.” Preliminary analysis
will inform which dimensions and
subscales are used in the analysis.

Family’s Expectations of Child and
Family Support to Child are 5- and
6-item measures scaled from 0 (“not
at all”) to 7 (“to a very great extent”)
that were developed through a con-
sensus process by 9 parents of young
children with CP. We will use the
average score for each measure for
analysis.

The Family Support Scale36 has 18
items listing people and groups who
are often helpful to parents raising a
young child. Parents are asked to
rate the support to family from 1
(“not at all helpful”) to 5 (“extremely
helpful”). For the purpose of model
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testing, we will use the average
scores from the following sources:
immediate family members; informal
supports (friends, other parents, and
coworkers); and formal supports
(group and professional supports).

Rehabilitation services. Rehabili-
tation services are being measured
by a questionnaire developed by the
research team. It consists of 5 sec-
tions to reflect the following 5 com-
ponents of services hypothesized to
influence child outcome: (1) types
and intensities of the programs and
services that a child receives, (2)
availability of and access to services,
(3) coordination of services, (4) the
extent to which services are meeting
the child’s needs, and (5) the focus
of therapy services. We are in the
process of determining how to ag-
gregate these data.

Confirming Acceptability of the
Measures
Prior to submitting the application
for funding consideration, pilot test-
ing was conducted with 6 children
with CP across GMFCS levels and
their parents. This pilot testing was
successful in obtaining better time
estimates for completion of all of the
measures. For the most part, parents
and children found the measures to
be acceptable, and we judged them
to be feasible to administer in a
home, community, or clinical set-
ting. These pilot tests were video-
taped; portions of these tapes were
used for the development of training
and criterion testing materials.

Preparing for Data
Collection
Ethics Approvals
Prior to collecting data, 21 ethics ap-
provals across multiple Canadian
sites (n�8) and sites in the regions

around Philadelphia (n�4), Atlanta
(n�2), Oklahoma (n�3), and Seattle
(n�4) were obtained. All of these
ethics approvals were renewed an-
nually. Clearly, this is an important,
but remarkably time-consuming,
part of conducting multi-site
research.

Preparation of Data Collection
Materials
The timing of data collection is re-
ported in Table 3. Two data collec-
tion booklets were prepared for time
1: one for the parent for self-
completion and one for a therapist
assessor for administration and scor-
ing. One data collection booklet was
prepared for interviewers at time 2
(aiming for 6 months after time 1).
Two data collection booklets were
prepared for time 3 (similar to time
1, to be done 1 year later). All of the
instruments intended for completion
by the parents (either through self-

Table 3.
Example of Timing of Data Collection From the Move & PLAY Studya

Time 1 (Beginning of the Year) Time 2 (6 Months Later) Time 3 (End of the Year)

To be completed by parents
(55–60 min, prior to or during home visit)

To be completed by parents
(11⁄4-hr telephone interview)

To be completed by parents
(15 min, prior to or during home visit)

Child Engagement in Daily Life Measure Family Environment Scale35 Child Engagement in Daily Life Measure

The Coping Inventory34 Family’s Expectations of Child Measure Mobility Questionnaire

Endurance Questionnaire Family Support to Child Measure

Health (Health Care Utilization) Measure Family Support Scale36

Family Demographics Measure Service Questionnaire

To be completed by therapist assessors
(11⁄2- to 13⁄4-hr home visit)

To be completed by therapist assessors
(3⁄4 hr)

Test of Playfulness39 Test of Playfulness39

Gross Motor Function Measure37 Gross Motor Function Measure37

Modified Ashworth Scale42 Update of Medical/Surgical Events (in the
Past Year) Questionnaire

Gross Motor Performance Measure44

Balance measures45,46

Strength measure

Spinal Alignment and Range of Motion Measure49

Distribution of Involvement Measure

Health Problems Measure

a Measures without a reference were developed for this study.
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completion or interview) were trans-
lated into French and Spanish (if not
already available) and were back-
translated and checked for accuracy
of meaning and modified, as neces-
sary, before they were used. Data-
bases were prepared concurrently
with the data collection booklets.

Training and Testing of Data
Collectors
All therapist assessors who collected
data at times 1 and 3 participated in
a regional 1-day training session, hav-
ing come prepared by reviewing 2
binders containing the procedures
and the measures of the study prior
to the training day. Prior to collect-
ing data for the study, each assessing
therapist was required to complete a
calibration procedure with the Test
of Playfulness. This procedure in-
volved scoring 12 videotapes of chil-
dren who had previously been
scored by other expert raters. Using
standard procedures established by
the developer of the test,39 each par-
ticipant’s scores were entered into a
normative data set to check his or
her responses for conformance to
the Rasch model expectations. Par-
ticipants whose responses did not
conform required additional training
and repeat testing until their re-
sponses more closely matched the
responses of others.

In addition, prior to collecting data,
all assessors were required to obtain
greater than 80% item agreement on
videotaped clips of selected items on
a variety of measures with the gold
standard (determined via consensus
among the investigators). The aver-
age item percentage agreement is
provided in parentheses after each
of the following measures: the
GMFM37 (91.4%), the PBS45 (91.4%),
selected items from the MAI46

(90.8%), the SAROMM49 (88.9%),
and the GMPM44 (92.1%). The results
of this criterion testing will be useful
when deciding on the magnitude of
measurement error53 to build into

the structural equation model for fi-
nal analysis. Also, we are prepared to
consider greater error for physical
assessments that did not undergo cri-
terion testing (ie, the MAS and the
strength measure, which are impos-
sible to score from a video clip). In
addition, therapists attained accept-
able classification of children using
the GMFCS on the training work-
shop day or shortly thereafter. Fidel-
ity checking was done in all regions
to ensure that data were being col-
lected as planned.

Interviewers were recruited from
each region to collect data through
telephone interviews at time 2. Each
interviewer participated in 1 of 2
scheduled training teleconferences.
Also, prior to the teleconference,
they received a binder that con-
tained an overview of the study and
detailed information pertinent to the
time 2 data collection point. Our par-
ent consultants also participated in
these teleconferences to share par-
ents’ perspectives on participating in
research or to share recommenda-
tions on interviewing approaches
that would be well received by fam-
ilies. Prior to collecting data, each
interviewer practiced the interview
with 2 parents who were not in-
volved in the study. We did have
interviewers who were fluent in
Spanish and French Canadian avail-
able to families for whom either of
these was their primary language.

Sampling
Children were eligible for this study
if they had, or were suspected to
have, a diagnosis of CP and were
between the ages of 18 months and
5 years at recruitment. Eighteen
months was selected as the mini-
mum age because a diagnosis of CP is
more certain at 18 months than 12
months.54 The age interval was se-
lected because this is when children
demonstrate the greatest rate of
change on the Ontario Motor
Growth curves.55 Although reliabil-

ity of the GMFCS scores is greater
after 2 years,31 the GMFCS level, as
well as a firm diagnosis of CP, was
confirmed at the end of the year-long
study for those children under 2
years of age at study onset. Five years
was selected as the oldest age at re-
cruitment in this longitudinal study
over a 1-year period because there is
still some room for “growth” in mo-
tor development, which is less ap-
parent by 51⁄2 to 6 years of age.55

Families needed to be able to speak
English, French-Canadian, or Spanish
to participate in this study.

We aimed for a total sample size of
900 children, 300 each in GMFCS
levels I/II, III, and IV/V. We built in
an anticipated 10% attrition rate;
therefore, we planned to recruit
1,000 children and their families. We
planned a quota convenience sam-
ple,56 aiming for a relatively even dis-
tribution across the age and GMFCS
levels, with consideration of regional
variation in population density. The
planned strategy would yield ap-
proximately an equal number of chil-
dren in each of the 3 GMFCS groups
and in each of 3 specified age cate-
gories. We planned to sample sites
across both Canada and the United
States to: (1) increase the generaliz-
ability of our results, (2) capture the
known practice variation that exists,
and (3) ensure that we would have
representation from urban, subur-
ban, and rural areas. Collectively, we
had excellent contact with clinicians
at our selected sites, thus enhancing
the probability to recruit this tar-
geted rate.

To arrive at the optimal sample size
for our study, we relied on the com-
monly recommended sample require-
ment for SEM models. The literature
suggests that a sample of about 200 to
300 participants (per group) provides
sufficient statistical power needed to
conduct the most rigorous test of
the data using SEM techniques.57 De-
spite our well-intentioned plan, we
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were not successful in obtaining the
target sample size; issues associated
with sampling will be described in a
related article (unpublished research).
We did recruit 430 young children
with CP and their families, and we will
be able to test the conceptual model
for children in GMFCS levels I/II and
III/IV/V separately, with more than
200 children in each of the 2 groups.

Next Steps
Prior to testing the fit between our
conceptual model and the data we
collect using SEM, we will conduct a
thorough confirmatory factor analy-
sis or testing of internal consistency
to analyze in detail the relationships
between the constructs and their in-
dicators.58 Items in each of the mea-
sures that do not hold up in these
analyses will be eliminated. Thus, we
will be able to assess the validity of
the proposed measurement model
described in this article. Based on
the results from that analysis, we
might refine the original measure-
ment model, if there is strong theo-
retical support for making such re-
finements.57,59 Once the item
composition for each measure is
confirmed, we will evaluate the na-
ture of the distribution of each vari-
able and its relationship to change in
basic motor abilities, self-care, and
play to determine whether transfor-
mations are necessary prior to model
testing. To facilitate this process, we
have engaged in data checking and
cleaning strategies as data are
entered.

In terms of dissemination, we have
already posted some preliminary
conference presentations (ie, work-
shops, presentations, and posters)
on the CanChild Web site (http://
www.canchild.ca/en/; search “Move
& PLAY). We will work closely with
our parent consultants, therapist as-
sessors, and interviewers to interpret
the full study results in meaningful
ways for children and families. Fi-
nally, in addition to disseminating

the results of our work in peer-
reviewed publications, we are com-
mitted to preparing a variety of non–
peer-reviewed resources. These
dissemination products include lay
summaries for parents, brief summa-
ries for service providers, presenta-
tions to families and service provid-
ers, brief articles in journals for
families with children with disabili-
ties, curriculum recommendations
for professional education programs,
practice guidelines and competen-
cies, reports and presentations to
provincial or state interagency coor-
dinating councils and technical assis-
tance programs, a position statement
on policy implications, and possibly
an online continuing education
course. Furthermore, our research-
in-progress has generated great inter-
est internationally. One of us
(S.W.M.) has already presented our
plans to rehabilitation researchers
and service providers in Taiwan, and
2 of us (D.J.B. and L.A.C.) presented
early results of our time 1 data to
physical therapists in Norway at
their annual pediatric conference.

Implications for
Rehabilitation Practice
We propose 3 fundamental goals of
early rehabilitation for children with
CP: (1) to optimize motor function
within each child’s prognostic po-
tential, (2) to prevent the develop-
ment of secondary conditions that
affect life-long health, and (3) to pro-
mote children’s development and
participation in their daily lives in
the context of their families. From
the results of model testing, signifi-
cant determinants that are amenable
to change will be targets for future
intervention, thus contributing to
more-effective service delivery. In
contrast, but equally important, sig-
nificant determinants that are not
amenable to change will assist with
realistic goal setting, thus enhancing
efficiency of services.13 Importantly,
results of the confirmatory factor
analysis and tests for internal consis-

tency might lead to shorter measures
containing the key elements of each
of the indicators in the model. We
plan to post all of the instruments we
have developed for the Move &
PLAY study on the CanChild Web
site. We will negotiate with the de-
velopers of standardized measures to
determine the best way to dissemi-
nate information about reduced item
sets of those measures. Reducing the
number of items alone might con-
tribute to reduced respondent bur-
den in the future, in both research
and practice contexts, and thus will
affect efficiency of service delivery
and research in a very tangible way.

We believe that decisions about in-
tervention options and methods of
service delivery for children with CP
logically should occur in the context
of knowledge about the relation-
ships among primary and secondary
impairments, associated conditions
and comorbidities, child adaptive be-
haviors, and aspects of the children’s
environment related to their families
and available services with the out-
comes of basic motor abilities, self-
care, and play. This view is consis-
tent with the approaches advocated
in complex systems approaches,6

comprehensive rehabilitation out-
comes research,5 and the interac-
tionist perspective of rehabilitation
research supported by an adaptation
of the ICF.13

Half a century ago, Crothers and
Paine60 advocated for open and hon-
est communication with parents
about their primary concerns relat-
ing to the motor and developmental
prognosis of their young children
with CP. They emphasized that over-
optimism is dangerous and that un-
justified pessimism is worse. To date,
rehabilitation service providers have
not had evidence to support these
complex discussions with parents
from a holistic, biopsychosocial per-
spective. We believe that the results
of this study will provide informa-
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tion for rehabilitation service provid-
ers to assist with prognostic discus-
sions with clients and their families,
establishment of realistic and attain-
able goals, and selection of effective
interventions to enhance the acqui-
sition of basic motor abilities, self-
care, and play of young children
with CP. Thus, we expect that the
results will contribute to more effi-
cient and effective services for
young children at a critical point in
their lives to optimize their longer-
term outcomes related to education,
employment, leisure, and social
roles.

Service providers might benefit from
applying the generic framework of
comprehensive rehabilitation out-
comes research5 to develop concep-
tual models to support clinical deci-
sion making in the absence of
evidence. Collaborators, whether
they are clients, clinicians, research-
ers, or policy makers, can work to-
gether to propose outcomes of inter-
est to specific client groups in
specific contexts. They also can pro-
pose determinants of those out-
comes, differentiating determinants
that are amenable to change from
those that are not. This reasoning
process can enhance effectiveness
and efficiency of service provision
by assisting with decisions about tar-
gets for intervention and realistic
goal setting. Discussing the thought
processes behind developing a con-
ceptual model can assist novice cli-
nicians in understanding the intui-
tive, implicit decision making of
service providers with higher levels
of expertise, thus contributing to
their professional development. It is
equally important for parents to un-
derstand these perspectives toward
service planning and interventions.

Conclusions
In this article, we described in detail
the measurement model and imple-
mentation of the Move & PLAY study
as an example of comprehensive re-

habilitation outcomes research. We
believe that this approach will pro-
vide research evidence to assist reha-
bilitation service providers and fam-
ilies who need to make complex
decisions about individual children.
Furthermore, we believe that think-
ing about services in the context of a
holistic model will contribute to the
development of clinical expertise,
recognizing that the validity of devel-
oped conceptual models will need to
be determined through research. Al-
though this research-in-progress is
presented in the context of children
with CP and their families, we sug-
gest that comprehensive rehabilita-
tion outcomes research will be of
interest to rehabilitation service pro-
viders and researchers who work
with clients with chronic conditions
in other diagnostic groups.
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