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ABSTRACT

The global objectives of this project were to refine and validate the content, and to
obtain preliminary estimates of reliability for the STroke REhabilitation Assessment of
Movement (STREAM). Two consensus panels, involving a total of twenty physical
therapists, preduced an intermediate test version of STREAM. Based on il
evaluations of internal consistency and reliability, items that were redundant, unrelated,
and/or not iehably scored were elimnated. The final STREAM, with enhanced
content validity, 1s made up of thirty items evaluating limb movements and basic
mobility. Two reliability studies were conducted: 1) a direct observation of twenty
stroke patients by pairs of raters in the clinical set/ing, and 2) two repeated ratings by
twenty raters using videotaped assessments of four stroke patients. The STREAM
demonstrated excellent internal consistency, inter- and intra-rater rehability, and 15 now
ready for prelimmary use in the chinical setting. The favorable results of this study

indicate that further testing of the psychometric propertics of the STREAM is
warranted.
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RESUME

Ce projet visait le raffinement et la validation du contenu, ainsi que 1'obtention de
donrées préliminaires sur la fidélit€¢ du STroke REhabilitation Asssessment of
Movement (STREAM). l.a version intermédiaire du STREAM fut développée suite
aux suggestions de vingt physiothérapeutes réparties en deux comités indépendents.
Suite aux études préliminarres de fidéhité et de constance interne, les items redondants,
non-reliés entre eux, et/ou non-fideles furent éliminés. La version finale du STREAM,
avec validité accrue du contenu, comporte trente items évaluant la mobilit€ de base
ainsi que la fonction motrice.  Deux études de fidélités furent entreprises: 1)
I'observation directe par des paires d'évaluateurs dans le milieu clinique de vingt
patients ayant subi un ACV, et 2) 1'évaluation a deux reprises par vingt évaluateurs des
enregistrements vidéo dc quatre patients ayant subi un ACV. Dans cette étude, le
STREAM a démontré d'exceilents résultats tant au niveau de la constance interne que
de la fidélité inter- et intra-évaluateurs, et il est présentement prét pour une utilisation
clinique préliminaire. Les résultats favorables obtenus lors de cette étude justifient la
poursuite des évalutions psychométriques du STREAM.
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PREFACE

In physical rehabilitation following stroke, the overall goal is to improve a patient’s
functional independence, and thereby 1mprove quality of life.  The recovery of
functional ndependence reflects tmproved motor ability as well as learning of
compensatory techniques. Physical therapy treatments n stroke rehabihtation typically
endeavor to mfluence motor ability and learning i order to improve an mdividuat's
functioning.  That 1s, therapists apply techmiques aimed at enhancing the motor
recovery underlying changes in motor abilitics.  As well, therapists create an
environment to facilitate learning by cstablishing appropriate goals and providing
feedback. Although many well established instruments are available for evaluating an
individual's overall functional ability, none of the existing chimcal tools available for
evaluating motor recovery have been widely accepted mto clinical practice. Tt s
important, however, that a suitable outcome measure be used routinely for moattoring
the motor recovery of individuals undergoing treatment, as this would provide
documentation of the rate and cxtent of motor recovery from hemiplegia.  This
information 1s required in order to cvaluate the mmpact that pbysical therapy
interventions have on the recovery of movement n the atfected himbs, and thereby to
justify yhysical therapy treatments in the rehabiltation of stroke.  Documentation of the
recovery of movement in the affected limbs could also further our understanding of

how motor recovery contributes to overall functional changes.

A recent survey by the Working Group on Qutcome Measures in Physiotherapy (1992),
found that several shortcomings, such as lack of climcal utiity or unacceptable
psychometric properties, have prevented the existing published outcome measures for
motor recovery following stroke from being incorporated mto routine clinical use.
Consequently, our aim was to develop a user friendly mstrument that would possess
adequate measurement properties, and that would meet the needs of hoth clinicians and
researchers working in stroke rehabilitation.

The STREAM was originally developed and was n use at the Jewish Rebabilitation
Hospital in Laval Quebec. This instrument was brief and easy to administer, and
provided a convenient means of objectively and quaatitatively evaluating many of the
limb and basic mobility movements that are routinely subjectively assessed by therapists
in the clinical setting. In addition, although no formal evaluations had been made of
the instrument's psychometric properties, STREAM showed promise of possessing
acceptable measurement properties. Qur first «tep 1n this project was to carry out a




survey, involving the members of the neuroscience special interest group of the
Canadian Physiotherapy A.ssociation, to assess the acceptability of the content of the
instrument.  Although the feedback from the sixty-two survey respondents was
generally posttive, several possible 1mprovements or refinements were identified.
Hence, the objectives of the present study were to improve and validate the content of
the STREAM, and to commence the evaluation of the instrument's psychometric

properties.

Over the course of this study, the STREAM evolved through several stages. First, the
original mstrument was refined, based on recommendations made by two consensus
pancls of cxperienced therapists, to improve the content validity.  Next, this
intermediate test version of STREAM underwent preliminary evaluations of item
reliability and the relationships between and among items, and item reduction was
carried out.  This process produced the completed version of STREAM, on which
further evaluation of rehiability, including the internal consistency, inter- and intra-rater
agreement of this completed STREAM, was done. Two separate reliability studies
were conducted. A 'direct observation reliability study’ was done at the JRH to
determine the nter-rater agreement and internal consistency of STREAM, and involved
twenty stroke patients and partrs of raters from a group of six participating therapists.
And, a 'videotaped assessments rchability study' was done to assess intra- and inter-
raler agreement on the scoring of videotaped performances of STREAM, and involved
four videotaped assessments that were viewed and rated on two occasions by twenty
physical therapists. The five chapters of this thesis present the details of these steps.

In the first chapter, the general need for a clinically useful stoke motor assessment is
identified in the significance and rationale for the study. The original version of the
STREAM is introduced, and information on how and why it was created 1s provided.
As well, details of a survey on the acceptability of the content of this early STREAM
are presented. Next, the conceptual framework, used as a basis for the further
development of the STREAM, 1s established.  Finally, justification for the further
development and testing of the STREAM is given.

The second chapter is a review of the pertinent literature related to this project. The
chapter is organized into three sections. The first section summarizes the motor and
functional sequelae of stroke and the reccovery of motor function. The topic of the
second section 1s the assessment of impairment and disability following stroke. In this
section, issucs that complicate the measurement of motor function are identified, and
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specific clinical measures that are available for evaluating motor recovery are
presented. The third section of this review summarizes the methodology used 1n
developing a climical scale and in evaluating the psychometric properies of an
instrument.

Chapter three presents the study objectives and related methods.  This chapter s
divided into four sections: the first includes the methods related to refining and
validating the content of the STREAM, the second describes the procedures used m the
direct observation rehability study, the third describes the methods used m the

videotaped assessments rehabihity study, and the fourth describes the statistical methods
used in the analysis.

Chapter four contains the results, which arc presented in six sections,  Fust the results
relating to the content validity are presented. These consist of:  the characteristics of
the consensus panel participants, a summary of the evoluton of the items and scoring
of STREAM, the internal consistency and ntra-rater agreement for the aitems icluded
in the test version of STREAM, und an overview of the process of atem reduction
leading to the completed STREAM. Subsequent sections present the results from the
direct observation and videotaped assessments rehability studies respectively, icluding
sub-sections for the characteristics of subjects and raters, and the rater agreement on
items, subscales and on the composite scores of the ilurty tem STREAM  In addition,
the section presenting the results of the direct chservation study contains the results of
the internal consistency analysis for the completed STREAM.

The final chapter discusses the findings of the study. The chapter includes a discussion
of the content development and validation, the internal consistency, and the findings of
each of the two reliability studies. In add:tion, the two rchabihty studies are compared
to onc another, as well as to the rehiability testing done on related measures. A general
comparison i1s made between the STREAM and related easures i terms of
measurement properties and utility.  And finally, the himitations of this study and the
potential limitations of STREAM as a measure of motor function are identified,
implications for future research are discussed, and the conclusions of this study are
presented.

At the completion of this project, the revised STREAM with enhanced content validity,
and promising preliminary estimates of rehability, 1s ready for clinical nse and for
further studies of its measurement propertics.
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CHAPTER 1

RATIONALE AND BACKGROUND
1.1 Significance and Rationale for the Study

Stroke 1s one of the major causes of mortality and disability in the population, with
approximately 20,000 deaths due to stroke and a further 35,000 individuals afflicted in
Canada each year (Statistics Canada, 1989). Survival rates for stroke have increased in
the past 25 years, with a concomitant rse in the number of individuals who must live
with the sequelae of stroke (Bisch, 1989; Bonita, .992; Bonita et al, 1988; Kotila,
1984; Mayo et al, 1991a; Mayo, 1993; WHO, 1989). Approximately 75% of
survivors of acute stroke exhibit moderate to severe motor and functional impairments
initially, and require some type of rehahilitaton (Jerntorp et al, 1992; Schmidt et al,
1988); a small proportion (10% to 20 %) of stroke survivors require permanent
institutionalization (Mayo et al, 1989; Wade, 1992). Stroke, therefore, is a major
social and economic burden, the magnitude of which will continue to increase as

survival improves and the proportion of elderly in the populatior increases (Broderick
et al, 1989),

Heightened demand for hospital resources has led to an increased need for evaluating
the effectiveness of the chimcal management of stroke. Physiotherapists are being
challenged to crincally analyze current methods for assessing and treating stroke, and to
justify treatment programs based on outcomes. A task force, supported by Health and
Weltare Canada, has recently developed a strategic plan for encouraging the use of
standardi..ed outcome assessments in physiotherapy (Working Group on Outcome
Measures in Physiotherapy, 1992). Underlying the goals of this Task Force is the
knowledge that reliable and valid outcome measures are required for evaluating the
eftfectiveness of interventions.

In addition to having acceptable reliability and vahdity, an ideal outcome measure
should include sufficient detail to be sensitive to clinical change, and should be wide
enough n scope to adequately measure the attributes and populations for which it was
intended.  As well, for an instrument to be realistically incorporated into the
rehabilitation program, 1t must be easy to admunister so that it requires minimal time,
equipment, or training, and it has to be acceptable to the subjects being evaluated. The
measures that are currently available for assessing outcomes of stroke rehabilitation
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vary widely mn terms of content and chinical utihty, and also in terms of theis
psychometric properties and the degree to which these have been assessed.

The overall goal of stroke rehabilitation 15 to minimize the impairments, disabihities and
handicaps associated with stroke and, thereby, manimize quahty of hte. The principal
contribution of wvhysical therapy 1n this process 1s to improve motor function--
specifically, to racihitate the recovery of voluntary movemeni of the attected limbs and
mobility (Carr and Shepherd, 1987: Duncan, 1991). Thus, a mcasure that 1s sensitive
to these changes in motor function 1s required for evaluating the mpact that
physiotherapy nterventions have on the rate and quality of recovery from hemiplegia.
Measures sensitive to changes m the quality of movement of the aftected limbs are also
required to enable researchers and therapists to monitor the course and pattern of motor

recovery, and for determimng the contribution that motor recovery makes to overall
functional changes.

Despite the importance of evaluating motor recovery, there was no widely accepted
measure available to physical therapists for this purpose. Although several instruments
currently available for monitoring the motor recovery of strohe patients huve been used
for research purposes (Badke and Duncan, 1983; Bernspang et al, 1987; Dettiman et al,
1987, Gowland, 1982; Henley et al, 1985; Loewen and Anderson, 1990), they have
not been widely employed in chinical practice. A recent Canadian survey revealed that
existing published instruments for motor evaluation following stroke are used routinety
in only 5% of physiotherapy departments (Working Group on Qutcome Mcasures
Physiotherapy, 1992). Among the reasons cited as barriers to the routine use of
existing outcome measures were: 1) lack of knowledge or availability of nstruments,
2) poor chmical utility due to complexity of scoring, adiministraton time, and/or
dependence on equpment that may hmit portabihty, and 3) a lack of
comprehensiveness for assessing the characieristic(s) of interest. A climical instrument
addressing these 1ssues was clearly needed.

1.2 Background of STREAM

In 1986, a scale to measure the recovery of movement following stroke was developed
through a collaborative effort between researchers and physical and occupational
therapists at the Jewish Rehabilitation Hospital JRH), Chomedey-Laval, Quebec. This
original Stroke Rehabilitation Assessment of Movement (STREAM) (Appendix 1), was
intended to provide a relatively comprehensive, standardized, objective and quantitative




assessment to be used by physiotherapists for measuring the motor recovery of stroke
patients. The items included 1n the original nstrument were adapted from clinical
experience, and from existing published assessments (Bobath, 1978; Brunnstrom, 1970,
Fugl-Meyer, 1975). A wide range of movement patterns, typically assessed by
physiotherapists for the purpose of evaluating the motor status of stroke patients, were
included. The original instrument comprised thirty-four items including fifteen items
assessing himb movement patterns (nine for the upper extremty; six for the lower
extremity), and ninetecn basic mobility items (of which four items v ere performed n
sitting, six 1n standing and nine involved walking). The items assessing limb
movement patterns, and mobility items performed in sitting, were scored on a
dichotomous scale (Q:unable; l:able to perform the test item); mobility items
performed 1n standing and walking were scored on a four-point ordinal scale related to
degree of aswistance required (O:unable; 1:requinng the help of another individual;
2:with the help of an assistive device; 3:able to perform the test item independently
and safely with no aids). The maximum total score on the STREAM was sixty-four.
The scale was piloted for chinical uuility at the JRH for a number of years and proved to
be clinically acceptable, but no formal evaluation of the STREAM had been made prior
to this study.

1.3 Content Verification Survey

As a prelimmnary step i this study, a content verification survey (Appendix 2) was
carried out to assess the broad acceptability of the original STREAM. A copy of
STREAM, along with a stamped return envelope, was sent to a sample of ccnvemence
of 310 physiotherapists involved in the management of neurological conditions. The
majorty of those sampled were members of the Neuroscience Division of the Canadian
Physiotherapy Association. Sixty-two therapists responded to the survey ! .

Therapists' opinions were solicited regarding: 1) the importance of each item; 2) the
clanty and appropriateness of the scoring; 3) the adequacy of the STREAM as a
measure of motor function; and 4) the extent to which the respondents would use
STREAM in their clinical practice.

1 Although only 20% ot those surveyed responded, health professionals do not usually respond to mailed
surveys without extensive encouragement and tollow up (Arsenault and Cleather, 1982). This survey was
not designed to estimate any parameter or test any hypothesis, rather s aim was to obtain comments from
interested persons as to the utility of STREAM.



The therapists were asked to rate the importance of each item included in the STREAM
using a five-point scale (I: crucial; 2: very important; 3: moderately important; d:
neither important nor ummportant; 5: unimportant). The cnitena set for retaming
items required that at least 80% of the ratings given by panel members had to be in the
range from | to 3, and less than 5% of the ratings could be 1n category 5.

Based on the above critena, only three of the thirty-four items were rejected:  four of
the sixty-two respondents (6.5%) rated items 2, S and 18 as unimportant. The reasons

given for rejecting these items related to the potential for interference by shoulder pamn
and the 'non-functional orientation of the items.

Table 1.1 indicates the responses made to the survey questions. Overall, the responses
to the survey questions were favorable, except for the question of whether the
STREAM would be adequate to assess motor function. The majority commented that,
if used in 1solation, the STREAM would not be adequate to plan treatment. This was a
point of confusion, however, as the scale was not intended for planning treatment
strategies, but rather for evaluating treatment outcomes.

TABLE 1.1
Results of the Content Verification Survey
(62 persons responding)

Survey Question Proportion Agreeing
STREAM adequate (o assess motor function 51%
Items clear 74%
Scoring appropriate 74 %
Adequate for showing differences in patient status 89%
Would use instrument 70%

Despite generally positive feedbach, the survey identified many possible refinements
which could be made to improve the instrument. The most commonly expressed
suggestions were that the STREAM should include: more details relating to the quality
of movement; more details on postural/trunk control; more mobility items; and more

lower level limb movement items. In addition, it was proposed that the original




scoring (0: unable; 1: able to perform the test item) should be modified to increase the
response options 1n an effort to improve the sensitivity to change over time. Finally, 1t
was apparent that there was little consensus regarding the domains that should be

included m a clinical measure of motor function.

The information from the survey influenced the further development of the study
protocol. Rather than commencing with chimcal reliability and validity studies as had
initially been proposed, a more preliminary level of scale development was planned.
Thus, to enhance content validity, further work on the content of STREAM was
imtioied. The comments of the sisty two survey respondents were used as a starting
pomnt for developing the conceptual framework described below, and for revising the
instrument as indicated in the methods section for content validation (3.1.2).

1.4 Theoretical Framework

Given the complexity of motor performance in terms of the number of factors that
potentially influence motor recovery and functional performance following a stroke,
defining this phenomenon in operational terms presented a challenge. A variety of
terms could have been used to describe what the STREAM endeavors to measure.
Included are motor recovery, motor ability, motor function, functional motor recovery,
motor performance, motor control, motricity, and motor output. Unfortunately, many
of these terms are not well defined and may imply different concepts to different
individuals.  We selected the terms "voluntary movement” and "basic mobility" to
describe the attnibutes measured by the STREAM, and the following conceptual

framework was developed.

Motor recovery implicates a number of neurophysiologic processes at the cellular level.
In addition, factors such as the size and side of the lesion, age, comorbid conditions,
motivation, communication, cogmtion, contractures and pain impact on recovery.
Although 1t 15 very ditficult to separate the relative influences of these various processes
and factors, motor recovery is manifested by the re-emergence of voluntary movement
and restoration of basic mobility. Therefore, the STREAM is intended to measure, in

the chinical setting, these fundamental building blocks that reflect motor recovery.

The World Health Organization's International Classification of Impatrments,
Disabilities, and Handicaps (ICIDH) (WHO, 1980) has been widely used as a
framework within which treatment goals and outcomes of stroke rehabilitation are



described (Duncar, 1991; Granger and Gresham, 1990; Task Force on Stroke, 1990).
Within this model impairments refer to the primary deficits of anatomical, biological,
psychological or physiological structure or function observed as a result of discase or
injury. Disability refers to the functional consequences of these impairments. Thus, 1n
the context of physical rehabilitation following stroke, umpairments such as parests,
sensory deticits and abnormal tone may contribute to, or cause, motor disability such as
reduced aoility to perform purposeful movements, transters, walking, and activities of
daily living (ADL) (Granger, 1984; Grunby et al, 1988; Guccione, 1990). In this
framework, the STREAM 15 related hierarchically to other measures ot impairments
and disabilities 1 that it 1s intended to measure basic motor ability--one step beyond the

level of the primary impairments, and one step betore functional mobility and ADL.
measures.

1.5 Rationale for Further Developing and Testing the STREAM

The STREAM may satisfy the measurement needs of physical therapists. Hopefully, 1
will be sufficiently comprehensive, yet concise enough, to be attractive for use in both
clinical and research settings. Contingent on the acceptability of the measurement
properties and clinical utility of the revised STREAM, this instrument could ultimately
streamline the process of chinical motor evaluation, mmprove the communication
between and within climcal and research settings, and provide an expanded data base
for future research in stroke rehabilitation. Further refinement, and evaluation of the
psychometric properties of STREAM was therefore warranied to enhance this scale's
potential for use in measuring motor recovery following stroke.



CHAPTER 2
LITERATURE REVIEW
2.0 Overview of the Literature Review

The literature review focuses on the following topics: the clinical sequelae of stroke
and recovery of motor function, the assessment of impairment and disabilhity following
stroke, the stroke motor function assessments currently available for use in the chnical
setting and 1n research, and the basic requirements of scale development. The first
section of the review summarizes the motor and functional changes, and the natural
progression of motor recovery typically observed following strok~. Next, a number of
general and stroke specific measurement 1ssues and controversies are noted. The
methods currently in use for cvaluating motor recovery are outlined, with the main
focus of this section bemng on clinical indices of motor function.  Finally, the
methodology involved n developing and testing chinical indices 15 presented 1n detail.
The information provided in each of the topical areas of this review was used in
developing the study protocol, and in carrying out the project.  Also, throughout the
literature review the signmificance and rationale for the study, presented in the previous

chapter, are further substantiated.
2.1 Motor and Functional Sequelae Following Stroke

2.1.1 Clinical presentation of stroke
Cerebral vascular accident (CVA), or stroke, 1s a rapidly developing neurologic
dysfunction due to a disturbance of cerebral circulation, with symptoms persisting for
more than twenty four hours or leading to death (World Health Orgamzation (WHO),
1989). Strohe may be due to infarct or hemorrhage in the distribution of the cerebral
vessels, with the majority of cases (80 o 95%) being due to cercbral infarct
(Bogousslavsky, 1988). The pathology of stroke vanes widely in terms of cause,
extent and location of vascular disturbance, yet a considerable degree of similarity of

neurological signs 15 observed among patients.

The classic sign 15 a umlateral motor deficit, of vaiying severity. Hemiparesis, or
weahness on one side of the body, 15 displayed by 70 to 80% of stroke patients (Walker
et al, 1981, WHO, i989). Other, often concurrent, motor deficits include ataxia of
himbs and/or trunk and apparent motor deficits resulting secondary to sensory

disturbances.  Changes in reflexes and muscle tone frequently accompany motor




deficits, typically presenting as ecarly flaccidity and dimimished reflexes with gradually
increasing spasticity over the ensuing days and months (Brunnstrom, 1970; F-ugl-Meyer
et al, 1975; Twitchell, 1951). Communication. continence and cogmtion are trequently
affected to varying degrees and can further impact on motor tunction.

2.1.2 Recovery of voluntary movement

Twitchell (1951) followed the course ot recovery of 19 patients and described a typical
pattern of moior recovery following stroke, that vaned with respect to timing and
extent of recovery. Recovery of movement generally began proximally, and gradually
more distal segments regained motor power.  Larly movement was typrcally hinited to
a synergistic pattern of total extension for the lower extrenuty and total tlexion tor the
upper extremuty, although not all subjects fit this pattern precisely  Voluntary
movement control graduaily emerged so that movement oui of syneigy was possible
Others (Brunnstrom, 1970; Fugl-Meyer et al, 1975) have documented a similar pattern
of motor recovery.

More recently, patterns of recovery of muscle strength (as well as tone and retlexes)
have been studied (Bohannon, 1988a; Demeunsse et al, 1980; Gray et al, 1990; Wade
et al, 1985; Wade and Hewer, 1987). Although these authors have described motor
recovery from a diiferent perspective, their findings do not contradict Twitchell's early
observations. However, the neurophystological basis of the synergistic patterns of
recovery, previously considered to be a result of recovery of a hierarchically orgamzed
neural control system, has been questioned. Biomechanical factors, such as imbalance
of strength n opposing muscles, the effects of gravity, and muscle shortening or
contracture, have been implicated for explaining the synergistic patterns typically
observed (Carey and Burghardt, 1993; Corcos, 1991; Crark, 1991; Diets, 1992).

In general, the extent of recovery of movement in the lower extremity has been found
to be greater than that observed in the upper extremity (Gowland, 1982; Partnidge, et
al, 1987, Wade and Hewer, 1987). Approximately 1/3 of persons suffering a siroke
make no functional recovery in the upper hmb, whiie 1/3 make partial recovery
sufficient to use the arm tor some functional activities, and the remannng 1/3 make
more complete recovery. For the lower extremity, only 10% have severe permanent
motor loss (Wade and Hewer, 1987). A more recent study (Duncan ct al, 1994),
however, has reported that the recovery from motor impairments n upper and lower
limbs was equivalent. The authors suggest that neurological recovery in the limbs 1s

parallel, but because upper extremity tasks typically involve finer and moe complex




control than lower extremity tasks, the limbs may differ in terms of functional ability.
The majority of patients will make most of their motor recovery during the first three
months (Duncan et al, 1994; Kelly-Hayes ct al, 1989; Wade et al, 1985). The initial
severity of the neurologic deficit and the rate of early recovery of movement are
strongly predictive of the eventual degree of motor recovery (Dove, 1984; Jongbloed,
1988; WHO, 1989).

2.1.3 Recovery of functional ability
Recovery of function may continue well beyond the early dramatic period of motor
recovery, particularly in terms of adaptation and independence in functional ability
(Andrews et al, 1981; Mayo et al, 1991b; WHO, 1989). In addition to the 1nitial
sevenity of motor impairments, the rate and degree of functional recovery have been
found to be influenced by th- following factors: location of the cerebral lesion, age,
presence and severity of perceptual deficits, comprehension difficulties, depression,
history of prior stroke, coexisting medical conditions, sensory deficits, loss of sitting
balance, and incontinence (Bonita and Beaglehole, 1988; Dove et al, 1984; Gowland,
1982; Jongbloed and Jones, 1988 Loewen and Anderson, 1990; Mayo, 1991b; Olson,
1990; Osberg et al, 1988; Sandin and Smuth, 1990; Shah et al, 1989; WHO, 1989).
Thus, the motor, sensory, cognitive, and emotional sequelae of stroke are all potential
contributors to functional disability. Training and motivation may also 1mpact on

motor and functional recovery (Duncan and Badke, 1987).

In terms of independence 1n ADL, 1/2 to 2/3 of survivors achieve independence or
have only a slight dependency while the remainder require moderate to total assistance
(Bonita, 1988: Wade and Hewer, 1987). The ability to walk alone, with or without
assistive devices, 1s achieved by 50% to 85%of survivors (Anderson et al, 1979;
Gresham et al, 1979; Moshowitz et al, 1972; Wade et al, 1987). Hospitalization and
functional traiming are required by the majority of stroke survivors in order for
maximal functional levels to be achieved (Gresham et al, 1975; WHO, 1989).

2.2 Measurement of Motor Performance Following Stroke

2.2.1 Issues in the measurement of motor function
The World Health Organization's International Classification of Impairments,
Disabilities, and Handicaps (ICIDH) (WHO, 1980), has become the standard
framework for describing the consequences of disease or injury. Moreover, the
terminology of this classification system 15 commonly used for defining the focus of



physical therapy assessments and treatments. In physical therapy for stroke
rehabilitation, the evaluation of disability involves establishing 1f the patient can or
cannot perform certain activities; the evaluation of impairment focuses on the factors
contributing to, or causing the dysfunction (Granger, 1984). For example, mstruments
that measure activities of daily hiving (ADL), such as the Barthel Index (Mahoney and
Barthel, 1965), are classified as disability measures, and instruments that measure
sensation, spasticity or strength, are impairment measures.

The distinction between impairment and disability measures becomes less clear when
one considers motor function (Jette, 1985; Granger, 1984). Motor tunction involves
the integration of many discrete components, such as: sensation, range of motion,
pain, coordination, tone, strength, vestibular function, and cognition (Duncan and
Badke, 1987). Impairment of any of these components can effect motor function.
Some instruments measuring motor function attempt to discriminate between and
identify the contributions made by the individual components of motor function, and
include subscales that evaluate pain, range of motion, and sensation, along with those
evaluating limb movement, balance and mobility (Fugl-Meyer et al, 1975; Gowland et
al, 1991). Under the ICIDH framework, subscales measuring pain, tone, and strength
fall into the category of impairment measures, while mobility subscales are classifted as
disability measures (WHO, 1980). Subscales evaluating limb movements are generally
classified as motor impairment measures (Gowland et al, 1991, 1992, and 1993,
Huijbregts, 1992; Sanford et al, 1993; WHO, 1980). However, limb movements
included in motor function evaluations often tend to be related to functional tasks, and
to reflect the integration of strength, tone, range, sensation, and/or coordination. A
recently proposed modification of the ICIDH (Jette et al, 1994) incorporates an
intermediate category between impairments and diabiliies. This category, "functional
limitations", includes any restriction or lack of ability to perform an action n an
expected manner or range. Thus, disturbances of voluntary movement of the himbs
would be included 1n this additional category along with basic mobility and ambulation.
This schema may be more suitable for classifying instruments that are oniented towards
measuring functional motor recovery rather than measuring pure motor impairment.

Similarly, there is a lack of a clear distinction between measures of motor function and
measures of functional ability. While functional ability typically refers to independence
in ADL, involving elements of cognitive and perceptual functioning, motor function

relates to more basic movements (Granger, 1984). A grey area or overlap exists
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between these two types of measures, and activities such as moving between lying and
sitting or standing, walking, or upper extremity tasks such as reaching and grasping
may be included n both functional independence and motor function evaluations. As
the ability to integrate movements in the performance of motor tasks 1s an important
aspect of motor recovery, including items that involve basic mobility, upper extremity
movements across more than one joint, or simple goal oriented tasks in measures of

motor function 1s justifiable.

Because the recovery of functional independence is a major goal of rehabilitation, and
indices * measuring the performance of ADL are frequently used as measures of
rehabilitation outcome, they are also sometimes used to reflect changes in the motor
status of individuals who have had a stroke. Functional independence measures,
however, do not specifically test the motor recovery of the affected limbs. In the
absence of motor recovery much improvement in the performance of ADL can be
accomplished by learning compensatory techniques (Gowland, 1982; Jette, 1984).
Functional independence measures, thus, summarize the complex integration of
cognitive, affective and sensorimotor abilities, and, therefore, are of limited use for

reﬂcctmg purc motor recovery.

Another 1ssue relates to the distinction between the terms “measurement” and
"assessment”.  Although 1n practice these terms are often used interchangeably, they
are not necessarily synonymous. "Measurement” relates to the standardized procedures
used to quantify the extent or the quality of an attribute or characteristic, while
"assessment” infers a more comprehensive evaluation, often involving a more
"qualitative” or non-standardized approach, and interpretation of findings (Craik and
Oatis, 1985; Leahy, 1991; Wade, 1992). Detailed assessments are required for the
purpose of planning treatments. For overall evaluation of a treatment approach, or for
operationally defimng a charactenistic in order to facilitate comparison between
individuals, the objective is to obtain a quantified summary of the characteristic(s)
under study, and a detailed evaluation may not be required or practical.

Because the intended use of the measure dictates the amount of detail included and the
characteristics targeted, several closely related guidelines have been used for defining
the purposes of measurements (Feinstein, 1987; Kane and Kane, 1981; Kirshner and
Guyatt, 1985). In general, these schemes include the following categories of
measurement purposes: 1) describing patients, 2) predicting recovery, and 3)
evaluating the effects of treatment. In stroke rehabilitation, for example, a therapist




might quantify characteristics of individual patients, and usec this information to
compare patients, predict the probability of their full recovery from stroke, or assess
the effect of a treatment approach.  For each of these measurement purposes, the
content and psychometric requirements may differ in some respects (Kirshner and
Guyatt, 1985). An instrument intended for describing individuals within groups should
be comprehensive, and measure all aspects of atiributes that would discriminate
between individuals; the mnformation provided by such measures can be used to
identify and assess the extent of the specific disabilities impacting on an individual's
performance, and subsequently lead to the appropnate choice of therapeutic
interventions. I contrast, predictive instruments are generally used for screening
individuals for diseasc or nisk factors; these instruments, therefore, must be quich to
administer, and accurate, but are not required to be detalled or comprehensive.
Evaluative instruments, used for monitoring the chnical status of patients and for
evaluating the effectiveness of treatments, must be sensitive to clhimical changes over
time; they focus on measuring characteristics that arc expected to change, therefore,
tend to be less extensive 1 scope but include more sensitive and select details than
descriptive measures (Kirshner and Guyatt, 1985). Ideally, instruments could be
developed for serving multiple measurement purposes. Although achieving such
versatility may require some compronuses in terms of meeting the somewhat
conflicting criteria outlined above, the possibility of using the same mstruments for
several purposes 1s appealing.

In addition to the conceptual issues and controversies described above, there are many
methodological choices to be made in developing or selecting instruments to measure
motor function. Once the conceptval framework and purpose of the measurement are
defined, appropriate and vahd methods for measuring the phenomenon of motor
function must then be selected.  For example, one approach would be to consider
motor function 1n terms of component parts or domains, such as limb movements,
postural stability (trunk control), and mobility, and then to evaluate a patient's
performance on standardized activities of graded difficulty within each of these
domains. Moreover, numerous parameters may be used to reflect motor function,
including: the degree of assistance or help required, the ime taken to perform a task,
the degree of difficulty perceived in performing the activity, and the pattern used or
proficiency of the movement (Gans et al, 1988).  Deciding between measuring the
ability to complete a task versus measuring the quality of the peiformance can present a
dilemma; measuring both aspects, 1f feasible, could be the best solution (Craik, 1991).




A related problem is whether to measure usual performance, or performance under

favorable circumstances. Again, the approach taken will depend on the intended use of
the measure; for prediction of performance after discharge the former approach may
be selected, while for program planning the latter mav be the more desirable strategy
(Keith, 1984). Yet another choice is whether to examine the isclated motor function of
the involved side exclusively (possibly mcluding some aspect of balance or mobility,
sensation, range of motion, or pam-- as do many motor function measures for stroke),
or to include measurement of the so called "uninvolved side"”, which in fact is
frequen'liy found to be nvolved to some extent following stroke (Craik, 1991;
Lindmark and Hamrnin, 1988). Finally, decisions must also be made regarding mode of
administration, and regarding required qualifications and training of the evaluator.
Observer ratings of actual performance are more reliable and valid (albeit more time
consuming and expensive, particularly when trained professionals are required to
admnister the test) than are self-report measures, especially for use with cognitiveiy

impaired stroke patients (Bergner, 1987).

In summary, an 1deal approach to measuring motor recovery is yet to be established,
and a good deal of confusion surrounds the issue of how to define motor function, let
alone how to assess this construct optimally. Using the ICIDH or similar classification
system to describe the level of disease that is the target of a measure, and defining the
purpose of the measurement in terms of the guidelines descnibed by Kirshner and
Guyatt (1985), should resolve some of the issues noted above. Consistent use of the
standardized termmology of these classificaton schemes would 1mprove
interdisciphinary communication, facilitate the appropriate use of instruments, and
minimize confusion related to instrument construction and use.

2.2.2 Laboratory measures of motor function
Neurophysiologic studies endeavor to identify the specific motor pathways disturbed
and to understand the impairments underlying the disability. Laboratory tests to assess
motor function might include muscle fiber biopsy, measurements of torque generated
during controlled tasks, and/or electromyographic and kinematic analysis of patterns of
activity in selected groups of muscies during controlled voluntary movement or
functional activities (Corcos, 1991; Knuttson, 1979; Knuttson and Martensson, 1980;
Rosecrance and Giuham, 1990; Sjostrom and Fugl-Meyer, 1981). Isokinetic testing
has been suggested as a means to evaluate common motor control deficits following
stroke, including the ability to generate force quickly, to maintain the force output, and
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to terminate force appropriately (Watkins et al, 1984). However, 1f hyperactive stretch
reflexes of antagonist muscles interfere with reciprocal movements, the isokinetic
torque measure then becomes an indirect measure of reflex activity and must be
interpreted with this in mind. Two 1nstruments, the hand-held dynamometer
(Bohannon, 1989; Riddle, 1989) and the Cybex 11 (Tripp et al, 1991), have been shown
to be acceptably reliable for measuring 1sometric and 1sokinetic strength of spastic
patients. No one laboratory test exists, however, that adequately measures overall
motor function or recovery ot the affected hmbs. Segment by segment aralysis of
strength or EMG to evaluate the entire system under controlled conditions would be
extremely laborious and impractical as a standard means of assessment, and such
artificial testing conditions may not reflect actual clinical ability.

Due to the breadth of the domain of motor performance, it would be ideal to combine
the results of laboratory measures such as neurophysiologic and kinematic tests, clinical
measures of impairments such as strength, sensation, and ROM assessments, and
standardized climical motor function evaluations. This would provide a more detailed
profile of a patient's motor function, and a link between neurophysiologic mechamsms

and chimcally observed changes in motor function (ie. a link between impairments and
disability ).

2.2.3 Clinical indices for evaluating motosr dysfunction following stroke
Numerous clinical scales have been developed to measure motor function following
stroke. These indices vary widely in terms of conceptual basis, domains measured,

population targeted, mode of admumistration and scoring, to name just a few
differences.

Instruments have been developed for measuring isolated motor skills, such as walking
(Gronley and Perry, 1984; Holden et al. 1986), balance (Berg, 1989; Horak, 1987,
Shumway-Cook and Horak, 1986), mobility (Jebsen et al, 1970; Seaby, 1987 & 1989;
Tinetti, 1986) or hand function (Carroll, 1965; DeSouza et al, 1980; Jebsen et al,
1969; Lyle, 1981). Brief screening tools, such as the Timed Up and Go (Podsiadlo and
Richardson, 1991) provide a quantitative summary score for overall basic moblity.
There are also instruments available that are not disease specific, such as the Tufts
Assessment of Motor Performance (Gans et al, 1988). As wcll, there are instruments
that include the evaluation of cognitive functioning and functional independence in
addition to measuring motor function, such as the Burke Stroke Time Oriented Profile
(Feigenson et al, 1979).
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The detailed qualitative stroke motor assessments developed by Bobath (1978) and
Brunnstrom (1970) appear to be the foundation from which numerous quantitative
instruments have been devised.  These include the Fugl-Meyer Sensorimotor
Assessment for Stroke (Fugl-Meyer et al, 1975), the Chedoke-McMaster Stroke
Assessment (Gowland et al, 1992), the Motor Capacity Assessment (Lindmark and
Hamrin, 1988;, the LaVigne Motor Reco.ery Assessment Scale (LaVigne, 1974), the
Rivermead Assessment of Motor Function in Stroke Patients (Lincoln and Leadbitter,
1979), the Evaluation of the Hemiplegic Subject Based on the Bobath Approach
(Guarna et al, 1988), and the Physical Assessment for Strcke Patients (Ashburn, 1982).

More recently, a functional task oriented Motor Assessment Scale was developed (Carr
etal, 1985). This instrument 1s based on the motor control model, which assumes that
motor function 1s dependent on the interactions between the central nervous system,
musculoskeleial system and biomechanics, and that verbal and sensory feedback,
motivation, and practice can influence recovery (Brooks, 1986; Carr and Shepherd,
1986 and 1987; Duncan and Badke, 1987; Winstein, 1987).

An overview of the general characteristics of each of these stroke motor assessments is
given in Tabie 2.1. Of the measures noted, the more frequently used in chnical
settings and 1n research (at least in Canada) include: the Fugl-Meyer Sensorimotor
Assessment, the Chedoke-McMaster Stroke Assessment, and the Motor Assessment
Scale (Working Group on Outcome Measures in Physiotherapy, 1992).  The
measurement properties of these instruments have been more extensively evaluated and

documented than any of the other instruments, and are reviewed below.

The Fugl-Meyer Sensorimotor Assessment for Stroke is a quantitative motor
assessment based on Twitchell and Brunnstrom's hierarchical model, which assumes
that motor function improves after stroke in a predictable sequence of synergistic
patterns. The Fugl-Meyer Scale includes five domains: upper extremity, lower
extremity, balancing ability, sensation, and range of motion. A total of 113 items are
included, and are scored using a three point ordinal rating (O:cannot perform;
l:performs partially; 2:performs fully). Item scores are summed to give individual
domain scores (with upper and lower extremity subscales summing to a maximum score
of 100) and a maximum total score of 226. One rehability study involved nineteen
chronic stroke patients, and fonr physical therapists who performed three assessments at
three-week intervals. Inter- and 1ntra-rater rehiability coefficients were reported to be
greater than 0.85 (Pearson's r) for both upper and lower extremity domain subscores
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and total score (Duncan et al, 1983). Another study, using three physical therapists,
and twelve patients who were less than six months post stroke and undergoing active
rehabilitation, reported Intra-class Correlation Coefficients (ICCs) for inter-rater
reliability of 0.96 for total score, and 0.97 and 0.92 for upper extremity and lower
extremity subscale scores respectively (Sanford et al, 1993). Concurrent validity for
the total scale, and predictive validity for the lower extremity subscale have also been
demonstrated (Clarke et al, 1983; Dettmann, 1987; Kusoffsky et al, 1{982). An
analysis of Fugl-Meyer and Barthel Index scores tor 167 hospitalized stroke paiients, at
admission and five weeks later, revealed that Fugl-Meyer and Barthel Index scores
were highly correlated (Pearson's r). However, in terms of statistical power for
detecting clinical changes, the Fugl-Meyer Assessment was a less efficient outcome
measure than was the Barthel Index (Wood-Dauphinee et al, 1990).

Validity of the sequential pattern of recovery has heen supported by Fugl-Meyer et al
(1975) and others (Brunnstrom, 1970; Twitchell, 1951) in longitudinal studies. Gthers
however have questioned the "synergy" approach, as not all patients follow this rigid
sequence of recovery (Brosseau and Potvin, 1993; Carey and Burghardt, 1993; Carr
and Shepherd, 1985; Corcos, 1991; Dietz, 1992). Another basic criticism of the Fugl-
Meyer Assessment is that it is not functionally oriented, and thus does not conform to
the currently popular motor control theory which advocates goal oriented assessment.
Also, this scale does not assess gross mobility or ability to ambulate. These higher
level motor skills require sequential coordination of body parts. They reflect the abulity
to integrate movements into functional patterns and are, therefore, important
components of motor recovery. The upper and lower extremity subscales have proven
to be useful and sensitive to change, however, the balance section 18 coarse und the
sensation and range of motion sections are cumbersome and less reliably measured. In
addition, no standardized administration guidelines have been published. Thesc are
needed to ensure that testing procedures are consistent across individuals and across
institutions. And finally, a major factor which limits the clinical usefulness of this

scale is the overall length, as 30-50 minutes is required to administer the full
assessment.

The Fugl-Meyer Sensorimotor Assessment was recently modified by Lindmark and
Hamrin (1988) to produce the Motor Capacity Assessment. This instrument 1s a
composite index of sixty-three items; it includes a mobility component, and measures
the motor function of the non-paretic side as well. This modified scale was evaluated
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for construct validity, internal consistency, and concurrent validity (comparison with
Fugl-Meyer scores) on a large sample of stroke rehabilitation patients (N=231), and 1t
too was reported to be a valid and rehable measure. However, this instrument has the

same inherent limitations as the original scale.

Carr and colleagues (1985), developed a functionally oriented Motor Assessment Scale
for stroke (MAS). Instead of using flexor and extensor movement patterns or
synergies, this instrument measures performance of relevant everyday motor activities,
and assumes that there 1s a specific sequence of actions necessary to accomplish each
motor task. Eight areas of motor performance pertaining to general mobility, arm and
hand function, and one item related to tone, are assessed and scored on a seven-point
ordinal scale related to quality of task performance or severity of tone. Some of the
items are subjectively described rather than using clearly defined quantitative ranges,
therefore, observer rating may be open to bias or ambiguity. Nonetheless, Carr and
colleagues (1985) reported high average correlations for inter-rater (r=0.95) and test-
retest (r=0.98) reliability on a sample of fourteen stable stroke patients, using twenty
raters. Pearson's correlation coefficient, however, does nct take systematic bias mnto
account. Although the high correlation indicates that the scoring was parallel. it does
not rule out the possibihty of some raters consistently scoring higher or lower than the
others. More information regarding actual concordance between scores would have
been gained had they used iCCs. The developers also studied inter-rater rehability
using five videotaped patient assessments and twenty traned raters, with raters' scores
compared to a critenion score generated by the author. Average percent agreemen
between scores was reported to be 87%. Crude agreement, however, does not correct
for the amount of agreement expected to occur by chance. Poole and Whitney (1988)
assessed the interrater reliability of the MAS using direct observation of assessments of
twenty-four patients with a wide range of motor deficits rated by two raters. They
reported a correlation (Spearman's rho) of 0.99 between total scores, with all items
highly correlated except for tone.

The MAS was moditied by Loewen ana Anderson (1988) by dropping the item for
tone, which they felt was too subjective. They used seven videotaped assessments and
fourteen raters, and reported inter-rater and intra-rater reliability of the modified MAS
with excellent agreement for 80% to 85% of scores based on calculated chance
corrected Kappa statistics.
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The validation of the MAS is as yet in the preliminary stages. Concurrent vahdity was
assessed by correlating MAS scores with Fugl-Meyer scores on paired items (Poole and
Whitney, 1988); all scores were highly correlated except for sitting balance, possibly
indicating that the MAS item reflects dynamic rather than static balance. Informaton
on responsiveness has not yet appeared in the hterature. While this scale has been met
with enthusiasm because of its non-synergic, functionally oriented approach to
measuring motor performance, 1t 1s not a comprehensive assessment of motor tunction
in that 1t lacks details of limb movement patterns for the lower extrenmty. These have
been subsumed in the mobility and walking items. Thus, the MAS yields a reiatively
general summary of motor tunction, and provides less insight into the specific areas of
the body where recovery is occurring than do other measures that are organized into
more detailed subscales for upper and lower limb motor function and mobihty.
Another inconvenience 1n using this scale in chinical practice 15 that a number of props,

such as jelly beans, pen caps, and tea cups, are required for administering the
assessment.

The Chedoke-McMaster Stroke Assessment (C-McSA) is a recently developed
clinical assessment which 1s currently undergoing evaluation of its measurement
properties. It 1s intended to be a comprehensive clinical measure for evaluative,
predictive and discriminative purposes. Conceptually the scale 15 based on the WHO's
ICIDH, and utilizes Brunnstrom's synergies. The instrument includes a physical
'impairment’ inventory (six items measuring the stage ot recovery of the arm, hand,
leg, and foot, postural control, and shoulder pamn) and a disability inventory (fourteen
itfems measuring gross motor function and one item assessing walking ability).  Lach
item is scored on a seven point ordinal scale (related to stage of recovery for the
impairment inventory and to degree of independence for the disability inventory) except
for the two minute walking test which is worth two bonus points if performance 1s
normal. The maximum score for the impairment inventory 1s forty-two; the maximum
score for the disability inventory 1s 100.

A study was carried out to determine inter-rater, intra-rater, and test-retest reliability,
the concurrent and construct validity of the entire measure, and responsiveness of the
mobility component (Gowland et al, 1992 and 1993). Inter-rater agreement was
assessed by having two therapists score a sample of thirty-two in-patient and day
hospital stroke patients during their first week following admission. The physical
impairment 1inventory had ICCs ranging from 0.85 to 0.96, with an ICC for the total
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score of 0.97. The ICCs for the disability index were 0.98 for the individual items and
0.99 for the total score. Intra-rater agreement was assessed using admission scoses,
and videotaped admission assessments of the same stroke patients scored by a therapist
after a minimum interval of two weeks. The ICCs for the physical inventory items
ranged from 0.93 to 0.98 and was (.98 for the total impairment inventory.

Construct validity wiss assessed by comparing specific items on the C-McSA with
selected similar components of the Fugl-Meyer Sensorimotor Assessment and
Functional Independence Measure (FIM). All correlations were found to be high, with
the excéption of a moderate level of association found between shoulder pan and upper
limb pain scores (r=0.76). Concurrent validity was assessed by comparing the C-
McSA impairment inventory scores with total Fugl-Meyer scores (r=0.95), and
disability inventory scores with FIM scores (r=0.79). In addition, variance ratios for
admission to discharge change scores (obtained by dividing the variance due to change
by the sum of the vanance due to change and error variance, with values close to one
reflecting maximum responsiveness) (Norman, 1989) were 0.53 for the disability
inventory as compared to 0.39 for the FIM, suggesting that the C-McSA disability
mventory is more responsive to change than the FIM.

The theoretical basis of the C-McSA has been presented 1n detail (Gowland et al, 1991
and 1992; Hupbregts, 1992; Moreland et al, 1993). The content validity of the
disability inventory has been reported; thirty-one patients and twenty-seven care givers
were ashed to rate the items on a seven point scale in terms of perceived importance
(I:unimportant to 7:very important), and the mean score given for all items was above
six (Huybregts, 1992). The content vahidity of the 'impairment' inventory, however,
has not yei been reported. The overall assessment of reliability and validity, although
preliminary, has thus far been exemplary and the results support the use of this scale.
As with the Fugl-Meyer motor assessment, however, a dependence on synergistic
patterns of movement and the overall length of the assessment are two inherent
drawbacks.

Table 2.1 summanzes the available information relating to the general characteristics
and psychometric properties of the three measures presented in detail above, and for the
majority of published stroke motor assessments. As can be seen in the table, the
information available on many of these instruments is extremely hmited. They have,
however, been included for completeness, and because the information that was
avarlable on these instruments was helpful in the present project.




TABLE2.1
Overview of Characteristics of Stroke Motor Assessments

PSYCHOMETRIC PROPERTIES
Content Conceptual Scoring  Administration Reliability Validity Responsiveness
Scale Domains Framework Time Inter- Intrs- Iniermal Content Criterion Construct to Chinical
rater rater Consistency Change

Fugh-Meyer Limb movement based on 3 point bl hd —_ - . > .
Sensorimotor Balance synergics ordinal
Asseswnent Sensation 30-50 minutes
Fugh-Meyer a1 al, ROM 113 tems
1975
Motor Assessment  Motor functional, 7 point . . —_ —_— i —_ -
for Stroke (MAS) performance task-oneoied;  ordmal
Carretal, Tone motor control 15-20 minuies
1985 theory 9 items
Chedoke-McMaster  Imparment: besed on 7 point he he —_— - . hd he
Stroke Assessment shoulder pan, WHO's ordmal 30-50 minutes (dasanlity
1992 bmb movement sypeigies 20 items; only)

Disabilsty: (6 opairment;

mobdity & walking 14 disabrlity)
Key: —: not assessed, ° assessed, ** assessed in more than ope study & acceptable levels established (cont...)




TABLE 2 . 1 (cont)

Overview of Characteristics of Stroke Motor Asessmel;ts

PSYCHOMETRIC PROPERTIES
Content Conceptual Scoring  Administration Relinbility Validity Responsiveness
Scale Domains Framework Time Inter- Intra- Internal Content Critedon Construct to Clinical
rater rater Consistency Change

Evaluation of the Active movement, bavsed on 4 point . . — — - - —
Hemiplegic patiemt;  Tooe, Bobath's ordmal (We subscale
Bobath approach Reflexes, stages of 30-50 minutes oaly)
Guarms ef al, Postural reactons, recovery 6 components
1988 Sensonum, Pam for each lnnb
Lavigne Motor Movement of based on 5 pomt ordmal . - . — — - —
Recovery u'e, Ve, hand SYDETRYS for movemeni 30-50 minutes
Assessment & face (95 rtems); balance
Lavigne, Balance, gait & sensation (38 iems)
1975 & sensation dichotomous; gait (39 items)

3 point ordmal
Rivermead Movement of not 2 point ordmal - o — —_ — — -
Assessmenent we, Ve, & specified (Guttman)
of Motor Function trunk; 15-30 minutes
Lincoin & Leadbitier Mobility 38 items
1979
Physical Assessmert  Limb movement  notspecified 3 point ordinal  30-50 munutes . -— - - - — —
for Stroke Patients  Mobility (synergies for limb movements
Ashburmn of al, mpled m (27 1tems)
1982 graded 4 pomt ordmaf for

movaments) wmobility (18 items)

Key: —: not assessed, * assessed , ** assessed in more than one study & acceptable levels established
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2.3 Scale Development

2.3.1 Basic principles of scale development

Measurement can be defined as the process of hnking abstract concepts to empirical
values (Zeller and Carmines, 1980). The first step, and possibly the greatest challenge
in developing an instrument for measuring an abstract concept, 15 to establish a
conceptual framework. This conceptual framework then determumes the scope of the
measure, the domains included and the method by which they are assessed. as well as
the uses and populations for which the measure 1s appropnate (Green and Lewis, 1980,
Ware, 1987). Operationally defining the construct presents the neat challenge.  For
this, scale developers need to clearly delincaie the domains to be measured, select the
most appropriate items to reflect the construct of mterest, and describe in detatl how
these items will be scored (Michels, 1983; Ware, 1987; Zeller and Carmines, 1980)).
Having dec:ded what 1s to be measured, and how to measure i, the next step 1s to
assess how well the theoretical concept 1s being reflected. This involves establishing
the measurement properties. The procedures used tor developing and evaluating an
instrument, such as a clinical index of motor function, are described below.

2.3.2 Desirable attributes of clinical scales
Several authors have described the various criteria which must be met for a chmcal
scale to be considered a satisfactory measurement tool (Bergner, 1987; DeVellis, 1991
Jette, 1984; Kane and Kane, 1981; LaRocca, 1989; iaw, 1987; McDowell and
Newell, 1987; Rothstein, 1985; Stremner and Noriman, 1991; Task Lorce on Standards
for Tests and Measurements in Physical Therapy, 1991; Wade, 1992). On the practical
side, there are a number of considerations 1f a scale 15 intended for use in the climical
setting: 1) ease of administration, recording and scoring; mirumal equipment, special
training or expertise required, 2) mode of admimistration, such as sclf-report
questionnaire, interview, or direct observation of performance, 3) respondent burden in
terms of time required to complete the test, inconvenience or discomfort, and 4) safety
and appropnateness for sample targeted. In general terms, a scale should be

quantitative, objective, and comprehensive, yet concise and attractive for use chnically.

In addition to the above practical considerations, an instrument must demonstrate
acceptable measurement properties. Rehiability and validity are the basic measurement
properties typically 1dentified as necessary attributes of an instrument. Responsiveness
of the scale for identifying climcal change is another desirable scale charactenstic. The
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concepts of reliatulity, validity and responsiveness comprise the psychometric or
measurement properties of a scale.

2.3.3 Reliability
Reliabilty, or reproducibility, refers to whether the measure performs consistently
(Feinstein, 1987). It may be examined in relation to the consistency of scoring
amongst observers, the stability of the measuring device over time, or the degree of
internal consistency of an instrument (Borg and Gall, 1989). The concept of reliability
is associated with a lack of random error, where possible sources of variability or
random measurement error may include the observer's judgement, the subject's
performance, or the discnminatory power of the instrument (Kieth, 1984). The
environment and ttming of administration can also contribute to variability (Rosenbaum
et al, 1990). By the classical test theory, reliability is defined as the proportion of true
variance to observed variance (the sum of true and error score variances); by the
analysis of variance (ANOVA) model, reliability is the proportion of nonrandom
variance, and the proportions of vanability due to subjects, raters, and random error
can be estimated (Bravo and Potvin, 1991; Zeller and Carmines, 1980). For both
models, estimates of reliability vary between 0 and 1, where smaller error variances

result in rehability coefficients closer to 1 (Bravo and Potvin, 1991).

A rehable measurement will yield consistent or reproducible results when the
characteristic being measured remains stable (Nunnally, 1978). If a scale is found to
have high reliability, then changes in scores can be attributed to actual changes in
patient status as opposed to human measurement error. If the reliability of scoring 1s
found to be low. it can be enhanced by }) providing clear instructions or a well defined
protocol, 2) basing ratings on clearly stated standardized objective criteria, 3) training
raters, 4) using standardized testing conditions, 5) ncreasing the number of test items,
and/or 6) using an average of replicate measurements (Krebs, 1987; Streiner and
Norman, 1991),

Several different types of reliability are identified and may differ in importance under
different measurement schema.  Inter-rater reliability refers to the degree of
consistency of test scores given by two or more raters. [Intra-rater reliability refers to
the ability of one rater to achieve consistent results with repeated testing under stable
conditions. The test-retest reliability of a measure refers to the stability of test scores
achieved with repeated administration on stable subjects. Thus, while intra-rater and
inter-rater reliability are dependent upon the scoring consistency of the evaluators
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administering the test, test-retest reliability is dependent upon the characteristics of the
test itself (ie. the stability of test performance over time). The duration of the interval
between admimistrations can effect the reliability estimates obtained. This 1s, theretore,
an important consideration in rehability testing; memory effects may confound results
if the interval is too short, and the attribute may change if the interval 1s too long.

For evaluating clinical indices, these forms of reliabihty are generally assessed by
measuring the agreement between observers' ratings of the same pertormance, or the
agreement between two adminstrations of the test that are separated briefly in tume.
Use of videotaped performances 1s one means of ensuring stability of the subject's
performance, thus, allowing inferences to be made about the measurement error
attributable to the observers. The consistency of raters' ratings should be assessed for
any new measurement scenario, as relhiability estimates pertain only to the specific
conditions under which testing occurs. Also, thorough reports include estimates of the
rehability of each individual 1tem, subscales and total scale scores.

Internal consistency, or the homogeneity of a measure, refers to how the test items
relate to each other and to the collection of test items as a whole. It concerns the
degree to which items intended to measure the same characteristics recerve sumlar
ratings when tested.  The internal consistency of a measure is an important
consideration when an instrument is made up of a number of items which are summed
to produce a total score which 1s intended to measure an abstract construct, such as
motor performance. This form of reliability 1s typically estimated by tem to item or
item to total correlation. or by Cronbach's coefficient alpha, which represents the
average correlation among 1tems within a test (Cronbach, 1951). A high value of alpha
(greater than 0.80) suggests that the overali score attained using the muiuple items 1s a

better reflection of the underlying factor than can be obtained by individual 1tems alone
(Nunnally, 1978;).

2.3.4 Validity
Validity refers to the extent to which an instrument measures what 1t 15 intended to
measure. In other words, it is the fidelity of the inferences made when interpreting a
measure.  Validity, thus, is determined by the extent to which the underlying
phenomenon or concept of interest 15 reflected by the measure, and by the accuracy of
the measure. As with reliability, validity 15 a matter of degree. Both random and
systematic error or bias can contribute to a reduced validity, hence rehability is a
prerequisite of validity. Validity 1s also context specific; though an instrument may be
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valid in one setting or for one group of individuals, it may not be valid in other
circumstances (Nunnally, 1978). A measure is only validated for a given purpose, and
must be reassessed for any novel application of the measure, thus, in actuality it is the
apphication of the instrument which is validated, and not the instrument per se. The
process of vahdation requires accumulating empirical evidence to support that the
instrument actually measures what it purports to measure. The conceptual forms of
validity discussed 1n the literature include content validity, criterron validity (also
referred to as concurrent and predictive validities) and construct validity.

Content validity refers to the representativeness, or the degree to which the items reflect
the full domain of interest. Thus, content validity relates to whether the domain is
adequately covered, and how well the items making up the instrument represent the
spectrum of possible 1tems which could be chosen to measure the domain. Measures
that tap the full range of a domamn will yield a wide and appropriate distribution of
scores (Ware, 1987). The basic processes involved in obtaining content validity are 1)
specifying the domamn of content, and 2) constructing and/or selecting items associated
with the domain of content (Zeller and Carmines, 1980). Several steps are advocated
to produce a scale which possesses content validity, including the following: 1) a
thorough review of the literature related to the content area, 2) clearly defining the
objectives and target population, 3) questioning patients and knowledgeable
professionals to formulate representative test items and to generate an item pool, 4)
preparing and tnialing a prototype, 5) repeated reviews and refinements of the
instrument by consensus of a panel of expert judges, and 6) statisiical analysis to
examine whether items group together as hypothesized and to identify how best to
construct a composite index (Borg and Gall, 1989; Green and Lewis, 1986; Guyatt et
al, 1987; Johffe, 1992; Streiner and Norman, 199!). Factors to be considered in
selecting items and scales include the goals of the measurement, practical
considerations, and the population of interest (Ware, 1987).

The 'face validity' of a measure is based on an expert's opinion regarding the content
of the scale, and the 'consensual validity' 1s based on the opinions of a panel of
experts; these are two sub-types of content validity. Two techniques for obtaining
consensus that have been widely used in instrument development are the "nominal
group techmque” and the "Delphi process”(Delbecq et al, 1978). Briefly, the nominal
group technique involves a structured meeting that follows a prescribed format. With
this technique, relevant ideas are contributed by each participant. These ideas are
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recorded and then discussed in an effort to elaborate the meaning and to generate
further suggestions that may have been missed. Finally, a vote 1s taken on each
suggestion. The decisions regarding implementing the suggestions are based on a
priori criteria. The other consensus method, the Delphi process, involves soliciting and
collating judgements through a series of mailed questionnaires. The nformation
derived from earlier responses is summarized and included with each questionnaire.
The process is repeated until the responses from participants approach consensus
(Dalkey, 1967). Studies suggest that the two consensus methods described yield
comparable results, however, the results obtained from the nominal group techmque are
more ilhmediately available (Delbecq et al, 1975). For these and simiiar consensus
methods, an agreement score can be calculated on the extent to which experts agree on
the appropriateness of the items and domains of which the instrument 15 comprised,
thus providing an empirical measure of consensual validity (Green and Lewis, 1986).
The attributes appraised as part of content validation may include: omussion of
important variables, inclusion of inappropnate variables, weighting of varnables, and
clarity or sensibility of presentation (DeVellis, 1991; Feinstein, 1987).

Criterion validity refers to the relationship between the scores obtamned using the scale
and another external criteria or measure of the same phenomenon. Two sub-types of
criterion validity have been described 1n relation to the timing of the assessments; these
are concurrent and predictive criterion validity. Concurrent criterion vahdity refers to
the relationship between the scale score and the criterion measure assessed at the same
point in time, and is frequently reported as a correlation between the test scores.
Predictive cniterion vahdity 1s evaluated by the correlation of scale score with a
criterion measure or event which occurs at a later date. Evaluation of predictive
validity requires a longitudinal study, or retrospective evaluation of measurements
obtained at different points 1n time.

Ideally criterion vahdity 15 assessed against a "gold standard" or universally accepted
measuvre of the phenomenon of interest, if such a measure exists. If the measure being
developed is found to correlate highly with the accepted measure, yet 1s less invasive,
less expensive, and/or easter to administer than the so-cailed "gold-standard', 1t may
then be utilized in place of the standard measure. Unfortunately, many concepts are
abstract and have no generally accepted "gold standard” to serve as criterion measure,
thus, careful selection of a suitable related measure which approximates the
phenomenon of interest offers the next best alternative. The strength of the association
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found between the measures will be affected by the adequacy or representativeness of
the criterion measure selected; caution must therefore be exercised in interpreting the
resuits of criterion vahdity studies.

Construct validity relates 1o testing assumptions that an instrument measures a specific
concept, and that the given concept performs according to theoretical expectations
(Zeller and Carmines, 1980). Measures of abstract concepts that are not defined
adequately by a criterion measure, or a universe of content, must possess construct
validity. Nunnally (1978, p84) has eloquently expressed the difficulties encountered in
validating a measure of an abstract phenomenon, saying that "the degree to which it is
necessary and difficult to validate measures... 1s proportional to the degree to which the
variable is concrete or abstract." For constructs such as motor function, the task of
construct validation is an exercise in creativity and legic; the more ways that construct
validity of a new measure is tested, the greater the confidence one can have in the
performance of the measure (Del Greco et al, 1987).

In construct validation, assumptions are made about the dimensions which a composite
measure, consisting of multiple items, is intended to reflect. Factor analysis is a means
of empirically testing the strength of relationships between items or domams of an
instrument; 1tems intended to measure the same underlying concept correlate highly
("converge and load high") on one factor (Cronbach, 1951). Assumptions are also
made about a network of interrelationships amongst constructs external to the
instrument, Hypotheses may be formed about the behavior of test scores in numerous
situations, and correlations between associated measures examined for predicted
direction or magmtude of relationship. The correlations used 1n cntenon-rejated
validity assessment can also be used for construct vahdation, which may result in some
confusion between these two issues. The investigators intent, the theoretical
explanation of a construct versus comparability to related measures, is where the
difference lies between these two forms of validity testing (DeVellis, 1991).

The process of scale validation 1 a cumulative task; it 1s only with accrual of evidence
from repeated and varied validity assessments that a clinical scale gains credibility.
Furthermore, validity of the measurement tool 1s not sufficient to obtain valid results in
a study: validity of design and analysis are also crucial (Nunnally, 1978).




2.3.5 Responsiveness
Responsiveness, sometimes referred to as sensitivity to change, is the ability of a scale
to detect chinically important changes in the charactenistic of interest over time. In
studies of treatment efficacy, where recovery is expected to occur in small but
clinicaily important increments, a scale which includes items that the treatment program
is expected to impact upon will likely be the most responsive to change in patient status
(Bergner, 1987). By including items that effectively detect changes, and by oflering &
range of response options, the measures potential to identify finer gradations of change
is enhanced (Rosenbaum et al, 1990). Thus, in order to be highly responsive, a scale
must be reliable, and must be adequately scaled for the desired degree of
discrimination. As patients may experience improvement in some areas, while m other
areas no change or a deterioration may occur, 1t may be of interest to examine change

scores item by item to reveal individual 1items reflecting the greatest changes.

A number of empirical methods have been suggested to measure a scale's
responsiveness (Deyo and Centor, 1986; Deyo and Inui 1984; Liang et al, 198S;
MacKenzie et al, 1986; Sackett et al, 1977). One means 1s to simply examine the
range of changes in scores 1n terms of expected direction and magnitude of change,
taking nto consideration the variance present in the measurements. Correlations
between score changes measured by a number of related nstruments (ie. admisston to
discharge change scores) 15 another means used to estimate the relative responsiveness
of an instrument. It may be possible to examine the within person change tollowing an
intervention of known efficacy; within-patient score changes (1e. before and atter the
intervention) for various measures can be hnearly transformed t¢ a common range of
possible values (eg. out of 100) or z scores can be calculated to compare measures.
Liang et al (1985) used t-statistics to reflect scales' relative responsiveness as compared
to another measure's t-statistic. The ratio between t-statistics 1s essentially equal‘ to the
ratio between coefficients of variation, except that the t-statistic includes a sample-size
factor that corrects for unequally sized samples 1n cases where data 1s missing. lanally,
a model has been proposed whereby a clinical scale can be looked at as a diagnostic
test, and sensitivity and specificity calculated from a two by two table where high and
low scoring groups of subjects (with pre-specified score cut-otf points) are compared
with an external criterion based on clinical judgement of patient status,

An issue related to the sensiivity of the scale to chnically important change, and one
that impacts on sample size requirements when the scale 1s used for chimcal studies, 15
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the efficiency of a measure. Efficiency may be estimated by effect size or coefficient
of variation (CV). Effect size 1s calculated as the ratio of the difference between group
mean change scores for a variable (the "before and after" measures), divided by the
sample standard deviation (SD) of the variable at basehine; the coefficient of variation
is defined as the ratio between group SD divided by the respective group mean. Effect
sizes range from 0 to i, with larger values representing greater efficiency in terms of
statistical power for a given sample size, or smaller sample size requirements for a
given power (Kazis et al, 1989; Ottenbacker, 1989). Conversely, the lower the CV,
the more efficient 15 the measure, as this indicates that the SD, or variabihity, 15 small
relarive to the mean. The relative efficiency of a measure (in terms of its statistical
properties) 1s one additional aspect that should be determined and reported in the
process of scale development, as this information is of use to those attempting to

choose the optimal instrument for use in a study.
2.4 Directions From the Literature

In summary. the evaluation of the efficacy of rehabilitation programs and the
development of measurement tools to meet this aim are research priorities. While
motor recovery following stroke is an important focus of physiotherapy assessment and
treatment, a consistent and comprehensive operational definition of motor function has
yet to be achieved. None of the currently used clinical measures of motor function has
widespread utihty. Careful instrument construction, and detailed evaluation of the
measurement propertics outlined in this review, are important and necessary steps in
the process of scale development.




CHAPTER 3

OBJECTIVES AND METHODS

3.0 Objectives

This thesis project has two global objectives. They are to improve and validate the
content of the STREAM, and to establish prehiminary estimates of the reliability of this
clinical instrument.

To this end, the specific objectives are:

1) to revise the STREAM so that the items are appropriate, representative and
comprehensive for the evaluation of motor recovery following stroke (content
validity);

2) to determine the extent to which pairs of therapists concur on the scoring of the
items of the revised STREAM and on the total score (inter-rater reliability);

3) to examine the extent to which the items included in the revised STREAM relate to
each other, and to the group of items as a whole (internal consistency) and;

4) to assess the reliability of scoring of videotaped performances of STREAM across
occasions and across raters (intra- and inter-rater reliability).

3.0.! Overview of study design
To meet the specific objectives, three separate sub-studies were conducted. The
methods relating to each of these sub-studies arc described below under the sub-
headings: 1) 'developing and refining the content of STREAM', 2) 'the direct
observation reliability study', and 3) the 'videotaped assessments rehability study’.
Objective one was achieved in two phases. First, two consensus panels were convened
to make recommendations to smprove the content vahdity of the onginal version of
STREAM, and to prepare a test version of the instrument. Next, this intermediate test
version of STREAM underwent initia! evaluations of reliability and internal consistency
to identify items that should be eliminated, and item reduction was done to produce the
completed STREAM. For the second objective, a rehabihty study involving pairs of
raters, who directly observed and assessed patients, was carried out at the Jewish
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Rehabilitation Hospital (JRH). To realize the third objective, the associations between
the 1tems were examined using data accrued in the direct observation study, as well as
additional data collected on patients in the lower end of the scoring range. And, to
accomplish objective four, a reliability study, using videotaped assessments viewed and
rated on two occasions, was done. The procedures for each sub-study are detailed
separately. However, because there were many similarities in the statistical methods
used for each of the sub-studies, the methods for analysis are presented together in
section 3.4 to facilitate comparisons and avoid redundancy.

3.1 Developing and Refining the Content of STREAM

The focus of this sub-study was content validation {(objective one). This was
accomplished in two stages: 1) the items and scoring of the original STREAM were
revised using consensus methods, and 2) the number of items were reduced, based on a
preliminary evaluation of inter-rater agreement and internal consistency of the test

version of STREAM, and on the opinions expressed by the consensus panels.

3.1.1 Selecting the consensus panel participants

The participants on the consensus panels were therapists working in a variety of clinical
settings, dealing with patients in all phases of stroke rehabilitation. The first consensus
panei was recruited from ten Montreal area health care facilities, and included
therapists who responded to a notice that was sent to the physiotherapy departments.
Eleven physicai therapists with more than one year of experience working with stroke
patients participated. The second panel, involving nine therapists, was assembled from
therapists named by members of the first panel. As the therapists at the JRH had
experience using the original STREAM clinically, a representative from the JRH
physiotherapy staff was included on each panel.

3.1.2 Developing the test version of STREAM
Prior to the meeting of the first panel, each participant was mailed a copy of the
original version of STREAM and a letter indicating their role in revising the STREAM
(Appendix 3.1.1). The panelists were instructed to review the STREAM, and to
consider changes related to the items included, the wording, and the scoring scheme.
Each participant was provided with a form on which to list their recommended changes
(Appendix 3.1.2). The panel members were asked to familiarize themselves with the
STREAM prior to attending the meeting, by using 1t to assess two patients. At the
meeting, a brief introduction to the conceptual framework for STREAM and an
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overview of the study was given. A videotaped assessment of a patient was also
shown.

The procedures for orienting the second panel were identical to the first, except that
participants were asked to review the first revision of STREAM (Appendix 3.2.2). In
addition, prior to attending the panel meeting, they were asked to consider three
different scoring schemes (Appendix 3.2.4), or recommend a fourth. And, there was a
slight modification of the opening remarks of the meeting in that this second panel was
given the results of the content venfication survey and the outcome of the work of the
first panel.

The procedures followed during the two consensus panel meetings, of approximately
three hours duration, closely approximated the 'nomunal group process' described by
Delbecq et al (1975). Briefly, the process involved the following steps: 1) individual
generation of suggested changes, 2) compiling these suggested changes, 1) senal
discussion of each suggestion, and 4) voting on the importance of each suggestion.
Therapists presented items from their prepared hists of suggested changes. Each
suggestion was recorded on a large chart. Three separate charts were made: one fcr
suggested additions and deletions, one for clarifications or modifications to existing
items, and one for changes in scoring. The prccess continued until no new suggestions
were raised. Next, each of the suggested changes was discussed in turn. The goals of
this discussion were to elaborate on or to clarify the meaning of the suggested changes,
to air experiences and strong opinions regarding the suggested changes, and to add new
items that emerged through the discussion. Finally, the panel members were asked to
independently rate each of the suggested additions and deletions in terms of importance,
using the same five point ordinal scale that was used during the preliminary content
verification survey (l:crucial; 2 :very important; 3:moderately important; 4:neithes
important nor unimportant; S:unimportant). The rating form 1s provided 1n Appendix
3.2.5. For each of the suggested additions or deletions, the number of therapists (out
of eleven for the first panel; out of nine for the second panel) giving a particular rating
was tabulated. An a prior: criterion of greater than 50% of the therapists rating an
item addition or deletion as important (ratings of 1, 2, or 3) was set for implementing
the change. in addition, the therapists rated items regarding ciarifications or scoring
changes simply as agree or disagree, and a majority vote was required for the suggested
change to be implemented.
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3.1.3 Follow-up questionnaire on the revised scoring scheme
As consensus had been reached regarding the items to include, but had not been fully
reached regarding the scoring of STREAM, the comments from the two panels and
from the content verification survey were collated, and a new scoring scheme was
devised based on these comments. A bnief questionnaire (Appendix 3.2.6) was sent to
the participants of both panels, in order to confirm the appropriateness of this revised

scoring scheme.

3.1.4 Criteria for item reduction
Once cobnsensus was reached on the content and scoring of STREAM, the test version
of STREAM was ready for further refinement. The focus of this stage of STREAM's
evolution was to identify items that should be eliminated. The criteria for item
reduction were based on a combination of statistical informaticn, clinical relevance,
and face validity. The statistical aspects that were to influence the selection of items
included the relationship of each item to the collection of items as a whole (internal
consistency) and the reliability of scoring of the individual items. Data from the direct
observation reliability study, including inter-item, and item to subscale and totel
correlations, and item kappa statistics for the test version of STREAM, were used in
the process of item reduction. The methods used for subject and rater selection,
training the raters, and assessing the patients in the direct observation study are
described in section 3.2; the statistical methods are presented in detail in section 3.4.
The specific criteria for item reduction are presented in Table 3.1, and the justifications
for these criteria follows. Items would be eliminated if they exhibited two or more of
the charactenistics summarized in this table.

TABLE 3.1
Criteria for Item Reduction

1) 1/3 (14/42) or more of inter-item correlations outside the range of 0.4--0.85

2) correlation(s) of more than 0.9 with item(s) measuring the same limb segment or
a closely related mobility task

J) an item-to-total correlation outside the range of 0.4--0.85
4) an item Kappa statistic below 0.6

5) not considered important for measuring motor recovery (not recommended by
consensus parnels) or limited by factors other than motor recovery (eg. ROM, pain)
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Thus, items with item-to-item and item-to-total correlations in the mid-range, thereby
reflecting homogeneity without redundancy, would be retained, while items that were
not associated with the test as a whole would be eliminated. Simlarly, items tound to
be highly correlated with other items measuring related movement components (eg.
shoulder abduction and reaching to the top of the head, shoulder flexion to 90 degrees
and full shoulder flexion, taking steps or turming to either side, or climbing and
descending stairs) would be eliminated to avoid redundancy. Items that could not be
reliably scored would be dropped. Also, any items that appeared to be highly
influenced by constructs other than motor recovery, or were not related to the subscale
(as reflected by low correlations between item and subscale score), would be questioned
on the grounds of dubious face validity or climcal relevance. However, in order to
maintain the face vahdity of STREAM, an item that did exhibit two of the criteria
would be retained 1f 1t measured a unique component of motor recovery that was not

incorporated by any other item, and it had been considered important by the consensus
panel members.

3.2 Methods for the Direct Observation Reliability Study

The data obtained in this sub-study contributed to attaining the first three objectives.
An evaluation of inter-rater agreement on the scoring of items and internal consistency
ot the test version of STREAM was used to complete the content vahdation process as
described above (objective one). Further appraisal of the data, including only the items
retained, provided estimates of inter-rater agreement (objective two) and internal
consistency (objective three) for the completed nstrument.

3.2.1 Selecting the subjects
The study was carrned out at the Jewish Rehabilitation Hospital (JRH), a 120 bed
rehabilitation hospital with a forty bed stroke unit that admits approximately 200 stroke
patients per year. A convenience sample of twenty cooperative persons admitted to the
JRH for active physical rehabilitation for the treatment of motor dysfunction following
stroke were chosen. These people were selected to represent a wide range of motor
dysfunction in terms of degree of disability, age, and time since strcke. We excluded
patients with any major comorbid conditions which nterfered with motor function, or
its assessment, such as: a neurological condition in addition to the stroke; a severe

comprehension disorder; marked bilateral motor or sensory impairment; amputation
of a limb; or severe rheumatoid arthntis.
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In addition, for analyzing the internal consistency of both the test and the completed
versions of STREAM, scores for a total of twenty-six individuals were used. This
sample included the twenty subjects identified above, and an additional six patients
whose scores were expected to be in the lower end of the range. The six additional low
level STREAM scores were collected because none of the twenty rehabilitation patients
who participated 1n the JRH reliabihity study had received scores on the test version of
STREAM below thirty.  Therapists that were participating 1 the videotaped
assessments rehability study, and who were, therefore, familiar with adminmstering the
STREAM, volunteered to provide us with scores on STREAM for their low level
patients. These low level STREAM scores were collected at four different facilities,
including:  one long term care (LTC) facility (Cote-des-Neiges Hospital), and three
acute care hospitals (Montreal Neurological Institute, Lakeshore General, and Reddy
Memorial).

3.2.2 Ethical considerations

Ethical approval was obtained from the ethics committees at both the JRH and the
School of Physical and Cccupational Therapy, McGill University. The following
conditions were imposed by the JRH ethics committee: 1) patients were to be assessed
after regular therapy hours, so that there was no interruption of therapy time, 2) raters
were not to give feedback to patients regarding their performance, but were to direct
patients' inquiries to their treating therapists, and 3) only patients who were not already
involved in another research study were to be recruited. Also, informed consent
(Appendix 5.1) was to be obtained prior to a patient's participation in the reliability
study.

3.2.3 The raters
The raters for this study were four therapists recruited from the physical therapy
department at the JRH, one experienced therapist from the Montreal General Hospital,
an acute care institution, and the author (KD). All raters had at least one year of
experience working with stroke patients as a physiotherapist.

3.2.4 Training the raters
One week prior to commencing the reliablity study, therapists participated in a two
hour training on the test version of STREAM. This training session included a
discussion of revisions made to STREAM. and a presentation of a videotaped patient
assessment using the test version of STREAM. Each therapist was given a copy of the
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STREAM and scoring instructions to review, and was asked to practice administering
the test to at least two patients prior to the study.

3.2.5 Assessing the patients

Consenting patients were evaluated on the test version of STREAM simultaneously but
independently by a pair of raters. One therapist performed the assessment and the
other therapist observed. Each therapist rated between four and eleven patients (mean
6.7 patients); 1n approximately half of the rating sessions they performed the
assessments, and were the observer in the other cases. The process of assigning raters
to assess subjects was based solely on the availability of a given rater on any given day,
with the aim of having each therapist evaluate at least four patients over the course of
the study. During the rating sessions the raters were unaware of each others scores,
and they did not discuss the patient's performance. STREAM scores were coliected on
the scoring forms proviced (Appendix 6.1). The rating sessions tor the twenty subjects
were carried out over a three month period, and required from fifteen to forty-five
minutes each.

3.3 Methods for the Videotaped Assessments Reliability Study

The data obtained in this sub-study contributed to attaining the fourth objective. That
is, estimates were obtained for the intra- and inter-rater agreement on the scoring of
videotaped performances of STREAM.

3.3.1 The raters

The twenty raters for this study were recruited from Montreal area health care facilitics
by having the consensus panel participants inform their colleagues about the upcoming,
reliability study, and by cending notices to hospital physical therapy departments
explaining the study. The raters were selected to cover a wide range of levels of
expertise and experience, with a minimum of six months of expenence working with
stroke patients. An additional requirement for participating was that they were not
familiar with any of the four videotaped subjects.

3.3.2 Videotaping the STREAM assessments
Four patients, who had participated in the direct observation study, were selected to
participate in this phase of the study. These patients were reassessed on STREAM,
and the assessments were videotaped. The same therapist performed the assessments
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for each of the videotapes. " hese four videotaped performances clearly showed each
test item being performed, and displayed a range of motor function.

3.3.3 Ethical considerations
Patients who agreed to be videotaped, signed a release form (Appendix 5.2) indicating
their agreement to have their assessment shown to others for the purposes of teaching
or research. Additional burden to subjects was minimized by utihizing these videotaped
performances for this portion of the reliability study, as repeated assessments by twenty
raters would have been excessive. Confidentiahty of the videotaped subjects’ names
was maintained.

3.3.4 Rating the tapes
Two weeks prior to the viewing session, the raters were given a copy of the test version
of STREAM and the sconing instructions to study. and they were asked to use the
STREAM for assessing at least two patients. At the beginning of the viewing sessions,
written 1nstructions for the procedures to be followed during the viewing (Appendix
6.3) were given to the raters and discussed. For practice, a sample videotaped
performance (not used 1n the reliability study) was shown to the raters.

The twenty raters, divided into two groups of ten for convemence of viewing,
sunultaneously and independently evaluated the four videotaped assessmems. During
the rating sesstons, therapists recorded their ratings on the forms devised for the study
(Appendix 6.1), and no discussion of the scoring of any of the items was permitted.
Items were allowed to be replayed up to three times upon request (although this rarely
occurred), as some of the smaller movements were more difficult to see on video, and
because, when the testing 1s done in the clinical setting, the patient is permitted up to
three attempts to perform a test item. The raters viewed each of the four videotaped
performances on one occasion, and on a second occasion approximately one month
later. The videotapes were presented 1n a random order at each session.

3.4 Analyzing the Data from the Religbility Studies

3.4.1 Overview of the data analysis
In this section, the procedures used for data collection, and the software used for
processing the data are descnbed tirst. Next, the statistical methods used in the initial
evaluation of the test version of STREAM are presented. 7 hese include an analysis of
internal consistency, and agreement on the scoring ot the items. Finally, the
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characteristics of the statistical tests used in evaluating the rehability of the completed
STREAM are presented 10 detail. It should be noted that ali of the items included in
the test version of STREAM were scored during the rehiability studies, however, only
the kappa statistics reflecting rater agreement on item sconng, and the internal
consistency, were evaluated for the test version. Following the item reduction, a more
indepth evaluation of the rater agreement for the scoring of the remaining 1tems, and a
second analysis of internal consistency, were carmed out for the completed version of
STREAM. The analyses of rater agreement were parallel for the two rehability
studies, except that only inter-rater agreement was evaluated in the direct observation

study, while estimates of intra- and inter-rater agreement were derived from the
videotaped assessments study.

The STREAM scores were collected on forms devised for the rehability studies
(Appendix 6.1), entered on a spread sheet, and inspected for accuracy. SAS statistical
software (SAS Institute, 1985) was used to compute Pearson's correlations, Cronbach's
alphas, cell frequencies and Kappa statistics, and signed rank statistics. The GENOVA
version 2.1 program (Crick and Brennan, 1983) was used to cbtain GCC's for subscale
and total scores.

3.4.2 Internal consistency of the test version and completed STREAM

An assessment of internal consistency 1s concerned with the homogeneity of an
instrument. That 1s, internal consistency reflects the degree to which items included
relate to each other and to the instrument as a whole. Although internal consistency is
traditionally considered internal rehability, 1t also provides information for content
development. For example, the inter-item, utem to subscale and item to total
correlations, and alpha coefficients, provide indications as to whether a given item
should be retained or removed from the instrument.

For evaluating the internal consistency of STREAM, our sample included iwenty-six
individuals (twenty from the JRH, and six additional low scoring patients) covering the
full range of possible scores, so that the whole population for which STREAM 1s
intended was represented. We used the twenty scores on STREAM given by the
assessing therapists in the direct observation reliabihty study, rather than the scores
given by the observing raters, because the assessors' scores more accurately reflect the
typical chinical situation where scores are obtained by directly assessing and rating a
patient, and not by observing the assessment.
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Three parameters relating to internal consistency were calculated for both the test and
completed versions of STREAM. These included: 1) the Pearson's correlation
coefficients for each possible pair of items included in the revised STREAM (inter-item
correlations); 2) the correlations between the scores for individual items and the
subscale and total scores, calculated by omitting that item (itemn to total correlations);
and 3) Chronbach's alnhas (Chronbach, 1951) for each subscale, and for the STREAM

as a whole (average inter-item correlations).

No specific guidelines for interpreting inter-item and item to total correlations are given
in the literature on internal consistency and item reduction, as the magnitude of these
correlations varies with the total number of items included in the instrument. As a
generalization, however, inter-item correlations in the moderate range (eg. 0.4--0.85)
are considered optimal, as within this range items are probably measuring reiated
aspects of a trait, but are not so highly related as to be redundant (DeVeilis, 1991;
Feinstein, 1987; Streiner and Norman, 1991). Similarly, low item-to-total correlations
(eg. below 0.4) indicate that an item is measuring a different trait than the rest of the
instrument as a whole; very high item-to-total correlations (eg. above 0.85) suggest
that an 1item is contributing information about the trait that has already been provided
by the other items. Obviously, items within a subscale are expected to be measuring
the same trait, so item to subscale total correlations should be high. A Cronbach's
alpha is generally considered acceptable if greater than 0.7, gocd if greater than 0.8,
and excellent if above 0.9. However, since Cronbach's alpha is influenced by the total
number of items included in an instrument, and increases in value if related items are
added, alpha must be interpreted accordingly. As a general guideline, for an
instrument to be climcally useful for measuring a particular trait, alphas of at least 0.9
are recommended (Feinstein, 1987).

3.4.3 Inter-rater agreement for items on the test version of STREAM
The agreement between raters for scoring items on the test version of STREAM in the
direct observation stucly was described using the index of crude agreement (the total
percentage of subjects in which paired scores agree precisely), expected agreement, and
Cohen's Kappa statistic (Cohen, 1960). The Kappa statistic is defined as the ratio
beiween observed and expected agreements, and the difference between maximum
possible agreement and the expected agreement. It is interpreted as the proportion of
agreement between two judges rating n subjects after chance agreement has been
removed (Cohen, 1960). The Kappa statistic is prevalence dependent; it i1s influenced
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by the distribution of scores, the variability among subjects, and the number of rating
categories (Feinstein and Cicchetti, 1990; Soeken and Prescot, 1986). Therefore, if
Kappa is to be used to calculate agreement, it is essential that subjects with a wide
range of capabilities are included. Kappa ranges from zero to umity; if the observed
agreement is equal to that expected by chance, kappa is zero. Values of Kappa greater
than 0.75 are considered to represent excellent agreement beyond chance, while Kappas
of 0.4 to 0.75 represent moderate reliability (Landis & Koch, 1975).

For measuring the agreement between items scored on an ordinal scale, weighis can be
assigned tiiat correspond to the degree of importance of the observed disagreements.
For example, linear weights are typically assigned to each category tfor scales in which
disagreements between the different categories are all deemed to be of the same
magnitude. For some measures, however, the degree of importance of disagreements
between categories may be viewed as varying exponentially. The observed and
expected agreements obtained when appropriate weights are attributed to the
disagreements between categories can then be used to calculate a weighted Kappa
statistic (Cohen, 1968; Kramer and Feinstein, 1981). The linearly weighied Kappa
reflects the chance corrected agreement where the disagreements between scoring
categories are considered to be additive, or on a continuum; the exponentially weighted
Kappa refiects a chance corrected agreement where the disagreements between
categories are compounded, or magnified by the distance between one another. When
Kappa is determined by using exponentiai weighting, quadratc weights are
recommended, and the quadratically weighted Kappa values obtained are conveniently
equivalent to the ICCs for the same data (Fleiss and Cohen, 1973; Stremner and
Norman, 1991). Thus, quadratically weighted Kappa statistics were calculated tor the
agreement on the item scores (scored on an ordinal scale of 0 to 2 for Jimb movements,
and O to 3 for basic mobility items), as it was felt that differences in scores that were
two categories apart were markedly more serious than differences in scores that
differed by only one category.

3.4.4 Inter- and intra-rater agreement for items on the completed STREAM
As described above, kappa statistics were used to reflect agreement on the scoring of
items in the direct observation reliability study. However, as Kappa statistics could not
be derived for the individual item scores of the videotaped assessments reliabihity study,
due to insufficient variability in scores with only four subjects invelved, non-parametric

signed rank statistics were computed to evaluate the agreement on item scores, and to
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identify trends in the scoring of the items. Signed rank statistics were also computed
for the direct observation reliability study, in order to allow a comparison between the
two reliability studies. The Wilcoxon matched-pairs signed rank statistic (Wilcoxon,
1945) is the non-parametric equivalent of the paired-sample t-test. It examines the
differences between pairs of scores, which under the null hypothesis are assumed to
have a median difference of 0 (Colton, 1974). If the signed rank statistic is significant,
this indicates poor agreement due to a tendency to score either consistently higher or
lower on the different rating occasions, or by either the assessing or observing raters.
The SAS univariate procedure produces a centered signed rank statistic, which is
computed using the sum of the positive ranks, and which used average ranks for tied
values (SAS Institute, 1983).

In addition, as was done for describing rater agreement on the scoring of items in the
preliminary analysis, the rater agreement for the scoring within category 'l1' (e.
between the sub-categories la, 1b, and Ic) for the direct observation study was
described using the index of crude agreement, expected agreement, and Cohen's Kappa
statistic. The scoring within category '1' was not considered to be ordinal, but rather
to be qualitative and nominal. Therefore, unweighted Kappa statistics, which treat all
disagreements equally, were calculated for describing the agreement within scoring
category '1' for the direct observation study. Because meaningful kappa statistics could
not be computed for the videotaped assessments study due to insufficient variability,
only the distribution of agreement for scoring within category '1' was presented for this
study.

3.4.5 Rater agreement for subscale and total scores on the completed STREAM
Scores for the items that were retained in the completed instrument were summed to
produce subscale and total scores on STREAM and this data set was used for the
following analyses. Because there were some items scored 'X' in the direct observation
reliability study, the subscale and total scores were transformed to scores out of 100
(see formula presented in Appendix 8.3). However, there was no missing data in the
videotaped assessments study; the limb subscales are thus scored out of a maximum of
twenty each, mobility is scored o t of a maximum of thirty points, and maximum total
STREAM score is seventy.

For describing the agreement on subscale and composite scores, Generalizability
Correlation Coefficients (GCCs) were calculated (Cronbach et al, 1972). For the
direct observation study, these statistics reflected agreement between raters, while for
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the videotaped assessments study GCC's described agreement both within and between
raters. GCCs, based on the generalizability theory, are analogous to traditional
reliability coefficients, except that GCCs reflect not only the magnitude of the error as
would a traditional reliability coefficient, but also attribute the error to a specific source
(Crick and Brennan, 1983; DeVellis. 1991; Streiner and Norman, 1991); they resemble
the ICC, in that both GCCs and ICCs range from 0 to !, and are based on an ANOVA
model. The closer the GCC is to unity, the greater the generahizability or rehability,
Reliability coefficients above 0.80 are generally considered acceptable for tests that are
used to make decisions about a group or for research purposes, however, for tests used
to make judgements about individuals, coefficients of greater thar 0.95 have been
recommended (Helmstadter, 1964; Nunally, 1978; Weiner and Stvart, 1984).

In both the direct observation reliability study and the videotaped assessments study,
various subjects and raters (called 'facets' in the parlance of the generalizability theory)
contribute to the variability of the error terms. In the videotaped study, occasions are
additiorial facets contributing to the variance in scores. For each study, several
different GCCs were calculated, each focussing on different facets or 'objects of
measurement’, including subjects, raters, and occasions. The 'objeci of measurement’
in a generalizability study is the facet that the researcher wishes to make generalizations
over-- ie. the specific aspect of reliability under scrutiny. In addition, GCCs were
calculated for each variable under both fixed or random conditions. Yo examine inter-
rater reliability, where determining the generalizability across raters 1s the goal, the
object of measurement 1s raters, and the variance in scores that is contributed by
occasion is excluded from the sources of variance used to calculate the GCC. To
examine intra-rater rehability, where the goal is to be able to generalize across
occasions, the variance in scores that is contributed by raters is omtted from the
equation. Thus, by examining the effects of subjects, raters, (and, for the videotape
study, occasions as well) simultaneously, we determined the extent 1o which (and under
what conditions-- ie. fixed or random) we can generalize across each facet.

In addition to GCCs, signed rank statistics were computed on subscale and total
STREAM scores for the two reliatnlity studies. As with the analyses of the agreement
on the individual items, this non-parametric statistic served to reflect the magnitude and
significance of observed disagreements, and tc ident:fy trends in the scoring by the
assessors and observers in the direct observation study, and between the two viewing
sessions in the videotaped assessments study.
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3.5 Summary of Methods

This study consisted of two distinct and sequential phases: content validation, and
preliminary testing of rehability. The content verification survey, described previously
in section 1.2, was a preliminary step in the process of content validation.
Subsequently, two consensus panels, involving a total of twenty physical therapists
working 1n a wide range of settings, made recommendations to improve the content
validity of STREAM. Next, preliminary evaluations of the internal consistency and
reliability of scoring the items of the test version of STREAM were carried out to
identify items that should be dropped from STREAM. Item reduction, based on the
criteria outhined in Table 3.1, produced a more streamlined STREAM, which
subsequently underwent more detailed evaluations of rehability.  Two separate
reliability studies were conducted: 1) a direct observation reliability study, performed
in the clinical setting, involving twenty stroke patients, and pairs of physical therapists
from a pool of six raters, and 2) a study using four videotaped assessments, involving
twenty physical therapists as raters, and two viewing and rating sessions. Preliminary
evaluations of the data from the direct observation reliability study provided the
statistical information required for item reduction. The internal consistency of the
STREAM (test version ar.? completed) was evaluated using scores on STREAM for
twenty-six individuals, including the scores given by the assessors in the direct
observation reliability study, and from six additional stroke patients with scores on
STREAM 1n the low end of the range. The reliability of the completed STREAM was
analyzed using only the portion of data pertaining to the items retained following item
reduction. The data from the direct observation reliability study was used to estimate
inter-rater rehiability for the STREAM and its subscales. The data from the videotaped
assessments reliability study provided estimates of both intra- and inter-rater reliability.
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CHAPTER 4
RESULTS

4.0 Introduction

The results section is presented in a sequenrce that is parallel to the organization of the
previous chapter on methods. That is, the details regarding the development of the
content of the test version of STREAM are given first. These are followed by the
results of the analyses done on the test version, including the internal consistency and
Kappa statistics of the original forty-three items. Mext, the process of item reduction,
and the completed thirty item instrument, are presented. The remainder of the results
relate to the thirty item STREAM, including the internal consistency of this compieted
version of STREAM, the inter-rater agreement from the direct observation study, and
the intra- and inter-rater agreement from the videotaped assessments reliability study.

4.1 The Test Version of STREAM

4.1.1 Characteristics of the panel participants

Panel one consisted of two therapists working in acute care settings, seven from in-
patient rehabilitation facilities, and two from out-patient rehabilitation settings. These
therapists had from eight to thirty-two years (mean 15.2 years+8.4) of expenience as
physiotherapists, and from three *~ twenty years (mean 8.8 years+6.U) of stroke
related experience. Panel two included three therapists working in acute care settings,
three in in-patient rehabilitation facilities, one in an out-patient rehabilitation setting,
and two therapists from long-term care facilites. The panel two therapists had from
two to twenty-four years (mean 9.6 years+6.7) of experience as physiotherapists, and
from two to seventeen years (mean 6.6 years+5.0) of stroke related experience.
Appendix 3.3 outhnes the characteristics of the panel participants in detail.

4.1.2 The evolution of STREAM items

The changes that were suggested by each of the consensus panels, and the rationale for
adding, deleting, or changing the items are briefly summarized in Appendix 4. The
evolution of the items included in the STREAM, and the stage of refinement
(including: the original version, following panel one, following panel two, test version
of STREAM used 1n the rehability studies, and the completed thirty item instrument)
during which each item was added or deleted 1s shown in Table 4.1. The minor
modifications made to several items are also noted (bracketed). Nine items which had
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TABLE 4.1
The Evolution of STREAM Items

-~ = DELETED
* =ADDED for further testing

Item Description Original | Revision 1 | Revision 2 | Revision 3| 30 Item
STREAM | First Paned | Second Paned | Test Version | STREAM
LIMB MOVEMENTS
{Upper Extremity
Protracts scapula in supine . +
Extends elbow in supine . +
Shrugs shoulders + + + +
Affected hand touches ... +(ear) | +(forehead) |+ (top of head)} + (top of head) +
Affected hand touches sacrum + + + + +
Raises affected arm to forward-horizontal} + + + + -
Raises affected arm to lateral-horizoatal + + + + -
Raises affected arm to full flexion + + + + +
Supinates and pronates forearm + + + + +
Actively closes the affected hand + + + + +
Actively opens the affected hand + + + + +
Opposes thumb to ... + (fingertips) | + (index/little))  + (index) + (index) +
Extends wrist and fingers + - . -
Lower Extremity
Maintains half-crooklying position + + -
Flexes hip and knee while lying supine + + + + +
Abducts hip in sidelying * -
Extends knee in sitting + + + + +
Flexes knee in sitting » +
Flexes hip in sitting + + + +
Dorsiflexes ankle in sitting + + + + +
Plantarflexes ankle in sitting . +
Extends knee and dorsiflexes ankle * +
Dorsiflexes affected ankle in standing + + + + +
Flexes affected knce in standing + + + + +
Abducts affected hip in standing + + + + +
+ = ADDED or RETAINED (cont...)




TABLE 4.1 (cont)

The Evolution of STREAM Items

Itern Description Original | Revision 1 | Revision 2 | Revision 3| 30 ltem
STREAM)| First Panet |Second Panel| Test Version| STREAM
BASIC MOBILITY
Fuplne
Moves knees side to side in crook lying . .-
Bridges + + + +
Rolls + (both sides)| + (cither side)| + (cither mde) +
Moves from lying to sitting + (cither side)| + (cither side)| + (cither side) +
\Sitting
Maintains errect sitting position ... + (1 minute) - + (20 counts) | + (20 counts) -
Raises folded arms to forehead + - -- - -
Moves folded arms side to side + - -- - .-
Bends forward to touch floor + + + + -
JStandlng
Rises to standing from sitting + + + + +
Maintains standing ... + (1 minute) - -+ (20 counts) | + (20 counts) +
Places affected foot onto first step d +
Slides unaffected leg forward/backward + - - - -
Lifts unaffected foot + - - - -
Walking
Turns 90° to unaffected side + + + + -
Tums 90° to affected side + + + + -
Takes 3 steps forwards + + + + -
Takes 3 steps backwards + + + + +
Takes 3 steps sideways to unaffected side + + + + -
Takes 3 steps sideways to affected side + + + + +
Walks 25’ (10 meters) + + + + +
Walks up 3 stairs not alternating feet + + - - -
Walks down 3 stairs pot alternating feet + + - . -
Walks up 3 stairs alternating feet + + + + -
Walks down 3 stairs alternating feet + + + + +

KEY: + = ADDED or RETAINED
- = DELETED
* =ADDED for further testing
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not been selected by the consensus panels were added to the test version of STREAM,
as they were thought to warrant further testing. These additional items, denoted by an
asterisk in Table 4.1, were either considered at an earlier stage of the instruments
development, borrowed from other instruments, or generated by the investigators.
They included prnimanly very low level or very high level movements. The items were
added because, although the consensus panels had expressed a need for items in these
extremes, none had been identified. Furthermore, it was felt that the analysis of
internal consistency would identify any of these items that did not contribute to the
content, Interestingly, five of these items performed very well in terms of the internal
consistency analysis, met all the critenia for item retention, and thus are included in the
completed instrument.

Table 4.2 summarizes the distributions of items included in each subscale of the
STREAM at each stage of revision. There were minor fluctuations in the number of
items 1n each subscale at the first and second revisions, yet the total number of items
The test version of the STREAM included
forty-three items that were relatively balanced amongst the subscales, with twelve items

remained constant at thirty-four items.
assessing lower extremity movement, thirteen items assessing upper extremity
Finally, the completed
instrument included a total of thirty items that were distributed evenly between each of

movement, and eighteen items assessing basic mobility.

the three subscales. Details of the process of item reduction, which led to the final
version of STREAM, are provided in section 4.4,

TABLE 4.2
Subscale Evolution: number of items in the subscales following each revision

Subscale Original | Revision 1| Revision 2 | Revision 3 30 item
STREAM|First Panel{Second Panel Test Version| STREAM
Limb Movement: 15 19 18 25 20
upper extremity| 9 12 10 13 10
lower extremity| 6 7 8 i2 10
Mobiiity 19 15 16 18 10
Total # of items 34 34 34 43 30
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4.1.3 The evolution of STREAM scoring

During the first consensus panel a number of possible scoring schemes had been
suggested (shown in Appendix 3.2.4), and these were presented to the second panel for
further deliberation. As consensus had still not been fully achieved regarding the
wording of the scoring instructions, a follow-up questionnaire for a revised scoring
scheme (Appendix 3.2.6) was sent to the twenty panel participants to venfy the
acceptability of this revised scoring. Responses to the questionnaire were obtained
from eighteen of the panelists (two therapists were away on vacation); seven therapists
rated the scoring scheme acceptable as presented, nine said it would be acceptable with
minor changes, and two felt that it required 'major’' changes, although the comments
from these therapists were identical to the comments of therapists suggesting that minor
changes were needed.

The majonty of panel participants expressed confusion over the proposed scoring of
category '1' (Appendix 3.2.6), and 1n particular 'l¢'. Category '1' was ntended to
cover any movements between the two extremes of being completely unable (score 0)
or able to perform the task (score 2 for imb movement, 2 or 3 for mobility). In the
proposed scoring scheme, category 'l' was divideu into the following three sub-
categories:

1a: movements performed only partially,

1b: movements performed compietely, but with an abnormal pattern, and

1c: movements performed partially with a normal pattern or completely,
but in an abnormal pattern.

Due to the confusion expressed by the respondents, the format for scoring category '1'
was revised to the present format, including the following three sub-categonies:

1a: movements performed only partially and in an abnormal pattern,
1b: movements performed partially, but with a normal pattern, and
Ic: movements performed completely, but with an abnormal pattern.

In addition to the confusion over scoring category '1*, the panel participants suggested
some minor changes in the wording of the scoring scheme. The majority of these
changes were incorporated in the final version of the scoring scheme, shown n Figure
4.1. To further clarify the wording of the scoring scheme, the Glossary of Scoring
Terms was developed, and 1s included in the test manual (Appendix 8.3). In addition,
the rationale for the scoring format is explained 1n the test manual, and is presented in
detail in section 5.1.3.
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FIGURE 4.}
Scoring of the Revised STREAM
I. VOLUNTARY MOVEMENT OF THE LIMBS

0 unable to pertorm the test movement through any appreciable range (includes theker or shght
movement)
1 a. able to perform only part of the movement. and with marked deviation from normal pattern
h. able to perform only part of the movement, but in a manner that 1s comparable  to the
unaffected side
¢. able to complete the movement, but only with marked deviation from normal pattern
2 able to complete the movement 1in a manner that 15 comparable to the unaffected side

X actvity not tested (specify why  ROM, Pain, Other (reasony)

1I. BASIC MOBILITY

0 unuble to perform the tect activity through any appreciable range (1¢. rmnmal active participation)
1 a. able to perform only part of the achvity independently (requires partial assistance nr
stabihzations to complete). with or without an aid, and with marked deviation from normal pattern
h. able to perform only part of the acuvity independently (requires partial assistance or stabihzation
to complete), with or without an md. hut wath a grossly pormal movement pattern
¢. able to complete the activity independently, with or without an aid, but only with marked
deviation fiom normal pattern
2 able to complete the activity independently with a grossly normal movement pattern, but requires
an aid
3 able to complete the activity independently with a grossly normal movement pattern, without
an aid
X actnay not tested (specii wiy, ROM, Pain, Other (reason))

In summary, n the final version of the scoring for STREAM a simple three point
ordina! scale 1s employed for scoring voluntary movement of the himbs; a patient is
scored '0' if unable to perform the test movement, 'I' if a mcvement can only be
partially completed or if the movement 1s performed with marked deviation from a
normal pattern (as compared to the unaffected limb where possible), and '2' if able to
complete the movement in a manner that is qualitatively and quantitatively near
normal. The same scoring scheme is employed for the basic mobility subscale, except
that an additional category 1s included to aliow for independence with the help of an
aid. If a test 1tem cannot be performed due to pain or limited passive range, or if a
movement or activity is fimited because of other reasons (such as perceptual/cognitive
deficits, amputation, impaired vision, etc.) then this s indicated by scoring an 'X" and
indicating the reason. When item(s) are scored as 'X', the subscale and total scores are
transformed so that they are out of 100. A subscale scoring form has been devised to
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assist in summing item scores and transforming scores to scores out of 100, and is
included 1n Appendix 8.3.

Table 4.3 was designed by therapists who were pilot testing the instrument, to facilitate
scoring; it summarizes the revised scoring in a two-by-three table of quality of the
movement in relation to amplhitude of active movement.

TABLE 4.3
Scoring STREAM: the relationship between
quality and amplitude of active movement

AMPLITUDE OF ACTIVE MOVEMENT

None Partial Complete
QUALITY OF Marked Deviation 0 I a 1 ¢
MOVEMENT Grossly Normal 0 [ b 2 )

Note: * For the mobility subscale, movements completed independently with grossly normal pattern
using an aid are scored a« '2', without an aid are scored as '3

4.2 Internal Consistency of the Test Version of STREAM

The characteristics of the subjects whose scores on STREAM were used in the mitial
evaluation of internal consistency of the test version of STREAM (and for evaluating
relizhility of scoring of individual items), and a description of the raters that
contributed the data, are presented in section 4.6 (Direct Observation Rehability
Study). The results of the initial evaluation are, however, presented here, as they were
used in the second stage of refining the content of STREAM for item reduction.

The evaluation of internal consistency of the fest version of STREAM involved
computing inter-item, item to subscale and item to total score correlations, and alpha
coefficients for subscales and for the STREAM as a whole. For each of the forty-three
items, correlations with each of the other forty-two items, and with subscale and total
STREAM scores were computed. A correlation matrix of 1764 coetficients (42 x 42
items) was produced. The inter-item, item to STREAM total, and item to subscale
total score correlations are presented in Appendix 9.2. Inter-item correlations ranged
from 0 to 1.0, with 8.2 % (145 / 1764) of the correlations falling below 0.4, 72.8 %
(1284 / 17€4) between 0.4 and 0.85, and 19.0 % (335 / 1764) above 0.85. The
individual item to total correlations ranged from 0.49 to 0.95. Item to subscale
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correlations ranged from 0.47 to 0.99. The alpha coefficients, calculated for each of
the forty-three items to determine the effect that omitting that particular item would
have on the overall alpha, ranged from 0.987 to 0.988; alphas for the STREAM
subscales were 0.972 for the lower extremity, 0.979 for mobility, and 0.985 for the
upper extremty; the overall alpha coefficient for the forty-three item instrument was
0.988.

4.3 Kappa Statistics for ltems on the Test Version of STREAM

For each of the forty-three items included in the test version of STREAM, the indices
of crude agreement and expected agreement using quadratic weights are presented in
Table 4.4, along with the kappa statistics derived from these two indices. The 95%
confidence intervals associated with each quadratically weighted kappa statistic are also
given,

Over the forty-one items where kappa could be calculated, the coefficients ranged from
0.32 to 1.0. This distribution is summarized in Figure 4.2 as a stem and leaf plot.
Clearly, the kappas of 0.8 and 0.9 predominated, indicating excellent agreement. Of
the four items with less than excellent agreement, two items (item 6: hip abduction in
side lying, and item 7: moving knees side to side) had been added to the test version of
STREAM, after the second consensus panel.  Also, there was very little variability of
scoring (shown in Appendix 9.1) for two items (item 10: maintaining erect sitting, and
item 28: reaching to the floor) as both of these items were performed well by all the
patients assessed in this study.

FIGURE 4.2

Stem and Leaf Plot Illustrating the Distribution of Quadratically Weighted
Kappas from the Direct Observation Reliability Study of Inter-Rater Agreement

POOR 0.1

AGREEMENT 0.2

(< 4) 0.3 2 —_
04

MODERATE 08 138
AGREEMENT 066 S
(.4--.75) 0.7

EXCELLENT 0.8 11666677899
AGREEMENT 09 00122344445585556666717171
(>.75) 1.0 000

Note: Kappas given tor 41 ttems for which kappa was defined.
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TABLE 4.4
Indices of Agreement for Pairs of Raters Scoring Twenty Subjects

Item Index of Crude Expected? Weighted Kappa 95% Confidence

Number Agreement (%) Agreement (%) (Ky) b Interval for K,
Upper Extremity Subscale:

1 84 65 .89 0.76--1.02
2 95 68 .96 0.88--1.04
11 85 63 .90 0.79--1.01
12 85 69 .B8 0.75--1.01
13 79 61 .86 0.73--1.00
14 85 64 .90 0.78--1.01
15 80 65 .86 0.71--1.00
16 100 67 1.00 1.00--1.00
17 100 62 1.00 1.00--1.00
18 90 66 .93 0.82--1.03
19 90 58 .94 0.86--1.02
20 95 61 97 0.90--1.03
21 94 68 .96 0.87--1.04
Lower Extremity Subscale:

3 85 95 .32 -0.27--0.90
4 90 73 R 0.77--1.04
6 74 86 53 0.20--0.85
22 95 78 .94 0.83--1.06
23 90 80 .87 0.71--1.04
24 100 74 1.00 1.00--1.00
25 94 76 .94 0.82--1.06
26 85 65 .89 0.77--1.02
27 95 81 94 0.82--1.05
31 95 76 95 0.85--1.05
32 74 65 .81 0.66--0.97
33 95 60 .96 0.89--1.04

(cont...)

a Expected agreement assuming quadratic weights.
b Quadratically weighted Kappa statistic.
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TABLE 4.4 (cont)

Item Index of Crude  Expected? Weighted Kappa 95% Confidence

Number Agreement (%) Agreement (%) (Ky) b Interval for K,y
Basic Mobility Subscale:

s 90 79 .86 0.65--1.08
7 80 87 58 0.16--1.00
8 95 84 .86 0.59--1.13
9 95 80 97 0.92--1.03
10 95 98 --€ --

28 100 100 --¢ --

29 70 81 .65 0.34--0.95
30 85 82 .81 0.56--1.06
34 90 74 .96 0.90--1.02
35 84 78 92 0.83--1.0t
36 89 77 .87 0.67--1.07
37 89 77 95 0.87--1.02
38 89 73 95 0.89--1.02
39 84 77 92 0.83--1.01
40 89 77 .95 0.88--1.02
41 89 78 95 0.87--1.03
4 95 78 97 0.92--1.03
43 95 78 .97 0.92--1.03

a Expected agreement assurning quadratic weights,
b Quadratically weighted Kappa statistic.
¢ Kappa undetined because erther the numerator or denominator was 0.

4.4 Item Reduction

The specific criteria used for the process of item reduction were presented in Table 3.1
and section 3.1.4. In brief, two or more of the following characteristics would result
in an item being eliminated: a preponderance of very high or very low inter-item
correlations (more than 1/3 (14/42) of the inter-item correlations falling outside the
range of 0.4--0.85), very high correlation(s) (r>>0.9) with item(s) measuring the same
hmb segment or a closely related mobility task, a very high or very low item-to-total
correlation (outside the range of 0.4--0.85), an item Kappa statistic below 0.6,
questionable face validity or clinical relevance. Thus, the decision to keep or omit
items on the completed instrument was based on a combination of information,
including the data obtained in the analysis of internal consistency of the test version of
STREAM, item kappa statistics derived from the direct observation reliability study
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(presented in Table 4.4), and judgements made by the consensus panels regarding the
importance of the item in measuring the construct of motor recovery. In addition,
insight regarding the clinical relevance and practical limitations of the items gained
during the direct observation rehability study contributed to the decision process. The
items that were retained in the final version of STREAM are noted 1n Table 4.5, along
with the number of inter-item correlations that fell outside the acceptable range of 0.4
to 0.85, the item to total correlations, and a comment regarding the item's clinical
relevance. Similarly, Table 4.6 presents the items that were excluded trom the final
version of STREAM, and the rationale on which these decisions were based.

TABLE 4 .5
STREAM Items Retained

Item Out of Range Item-to-total  Kappa Clinical
Number Item-to-item Correlation Statistic b Relevance
Correlations 4

Upper Extremity Subscale:

1 protract scapula** 4 .88* .89 unique item; low level

2 extend elbow ** 1 .76 .96 unique item

11 shrug shoulders 7 .89* .90 unique item; low level

12 touch head 12 81 .88 functional

13 hand to sacrum 9 73 .86 unique item; low level

15 full elevation 8 .81 .86 unique item

17 supinate/pronate 12 .78 1.00 unique 1tem

18 close hand 8 74 93 unique 1item

19 open hand 13 .78 .94 unique item; higher level

20 opposition 13 72 97 unique item; high level

Lower Extremity Subscale:

4 supine hip flexion 5 73 .91 unique item; functional;
low level

22 sitting hip flexion 4 .85% 94 unique item; functional;
low level

23 sitting knee ext 2 .86* .87 low level; functional

24 sitting knee flex** 9 92* 1.00 unique item; functional

Note: * = unacceptable value (see cntenon for stem reduction, Table 3 1), (cont...)

¥+ = added for statistical verttication of content (not contnibuted by pancls)
a Number of inter-item correlations outside ot range 0.4--0.85, out of a total of 42,
b Quadratically weighted Kappa statistics from direct observation reliability study.
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STREAM Items Retained
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Item Out of Range Item-to-total Kappa Clinical
Number Item-to-item Correlation  Statistic P Relevance
Correlations 2
25 sitting dorsiflexion 6 90* 94 unique item; higher level
26 plantarflexion** 11 .86* .87 unique 1tem; functional;
higher level
27 extends knee and 7 .89* 94 high level; selective
dorsiflexes** movement
31 standing hipabd 12 87* .95 unique item; high level
32 standing knee 8 .82 .81 high level; 1solated
flexion movement
33 standing 7 87* .96 high level; isolated
dorsiflexion movement
Basic Mobility Subscale:
5 rolling 2 .63 .86 unique item; functional;
low level
8 bridging 10 .60 .86 unique item; functional;
low level
9 supine to sitting 7 .82 95 unique item; functional;
higher level
29 risesto standing O 19 .65 unique item; functional;
higher level
30 maintains standing 1 .82 .81 unique item; functional;
low level standing activity
34 step onto step ** |1 90* 96 unique item; functional;
higher level
36 3 steps backward 9 .89* .87 unique item; functional;
higher level
38 3 steps to affected 13 .94 * .95 unique item; functional;
side higher level
41 walks 10 m 5 .82 95 unique item; functional;
high level
43 down 3 stairs 9 O1* 97 unique item; functional;

high level

Note: * = unacceptable value (see cnterion for item reduction, Table 3.1).

#+ = added tor statistical venfication of content (not contnbuted by panels)
a Number of mter-item correlations outside of range 0.4--0.85, out of a total of 42,
b Quadratically weighted Kappa statistics trom direct observation reliability study.
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TABLE 4.6
STREAM Items Eliminated
Item Out of Range Item-to-total Kappa Clinical
Number Item-to-item  Correlation  Statistic b Relevance
Correlations 2
Upper Extrendty Subscale:
14 90° shoulder 10 .87* .90 incorporated in full flexion
flexion (r=.93)
16 909-shoulder 11 .86" 1.00 incorporated in hand to head
abduction (r=.91)
21 extends wristand 9 85" .96 may be more himited by ROM
fingers** than motor recovery; r—.92

with opens hand & opposition
Lower Extremity Subscale:

3 maintains 8 .54 32% weak association with subscale
1/2 crooklying (r=.5 with subscale total)

6 sidelying hip 2 73 53* may be limited by strength
abduction** (bilat weakness; compensate

with flexion); more functional
in standing
Basic Mobility Subscale:

7 rotates knees side 14 .59 .58™ incorporated in rolling / supine
to side** to sit; weak association with
subscale (r—.0)

10 maintains sitting  17* Sl -- no variability; weak (r=.57)
association with subscale

28 reaches to floor 21* .49 -- no variability; weak (r=.47)
association with subscale; may
reflect general health and
flexibility vs motor recovery

35 3 steps forward 12 .92* 92 incorporated in 10m walk
(r=.87); r=.96 with 3 steps
backward )

Note: * - unacceptable value (see cntenion for item reduction, Table 3 ). {cont...)

E $.3

= added tfor statistical venification of content (not contnbuted by panels)
a Number of mter-item correlations outside of range 0.4--0.85, out of a total of 42,
b Quadratically weighted Kappa statistics from direct observation rehability study .
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TABLE 4.6 (cont)
STREAM Items Eliminated

Item Out of Range Item-to-total Kappa Clinical
Number Item-to-item  Correlation  Statistic P Relevance
Correlations 2

Basic Mobility Subscale (cont):

37 3steps to 14* 95" .95 r=.97 with 3 steps to aff;
unaffected side towards unaff side may be
initiated by compensation vs
indicative of motor recovery

39 turns 900 to 15" .95* 92 r=.99 with 90° to aff; towards
unaffected side unaff side may be initiated by
compensation vs indicative of
motor recovery

40 turns 90" to 12 .94* 95 r=.99 with 3 steps to aff side
affected side
42 up 3 stairs 9 91" 97 r=1.00 with up 3 steps

ivote: ¥ = unacceptable value (see critenion for item reduction, Table 3.1).

** = added for statistical venticaton of content (not contributed by panels)
a Number of inter-iten: correlations outside of range 0.4--0.85, out of a total of 42 .
b Quadratically weighted Kappa statistics trom direct observation rehability study.

4.5 Resuits of the Direct Observation Reliability Study

4.5.1 Characteristics of the subjects

"able 4.7 summarizes the characteristics of the twenty subjects who participated in the
reliability study at the JRH, and the six additional low level subjects whose scores on
STREAM were used in the internal consistency analysis. To elaborate, of the twenty
subjects at the JRH, four had had previous CVAs involving the same side; six subjects
were aphasic; three subjects had prominent perceptual and memory impairments; two
subjects complained of shoulder pain; two subjects spoke neither English nor French,
and were assessed with the help of a family member acting as translator. Interestingly,
the majority (14/20) of subjects had left hemisphere CVAs, probably reflecting a
greater propensity to admit patients needing a multitude of rehabilitation services. Of
the six additional low level subjects, three subjects were aphasic and four of the
subjects had prominent perceptual and cognitive impairments. The total scores on the
test version of STREAM (raw score out of a maximum of 104, transformed to be out
of 100) for these six low level subjects were 7, 7, 19, 20, 28, and 33.
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TABLE 4.7
Characteristics of the Subjects Participating in the Direct Observation Study 1

Type of Side of | Sex | Age | Days Post Commeats /
CVA CVA CVA Comorbid Conditions
Ischernic R M 60 77 Shoulder Pain
Ischemic R M 67 141 ! Previous CVA (same side)
Ischemic R M 70 47 3 Previous CVAS (same side)
fschemic R M 86 130 Language Barrier
Ischemic R F 13 119 Mild Perceptual/Memory Defictts
Ischemic L M 6l 110 Aphastc/Perceptual Problems
Is¢hemic L M 67 66 Expressive Aphasia
Ischemic L M 70 70 Aphasic
Ischemic L M 75 105 Aphasic/Language Barrier
Ischemic L F 47 > 1460 2 Previous CVAs, Lupus
Ischemic L F 48 113 Mild Aphasia
Ischemic L F 63 92 Mild Ataxia U/E
Ischemic L F 69 94 I Previous CVA (tull recovery)
Ischemic L F 7 122 Shoulder Pain
Ischemic L F 79 64 Hip Fracture (pinned-WBA'T)
Ischemic L F 80 52 Ataxia & Vertigo; OA Knees
Hemorrhagic R F 50 155 Ancurysm Chipped, Lobectomy
Hemorrhagic L M 38 89 Expressive Aphasia
Hemorrhagic L M 59 101 No Complications
Hemorrhagic L M 80 238 Perception/Memory Impaired
Additional Low Level Subjects (for internal consistency analysis)
Ischemic R F 81 44 Perception/Cogmtion Impaired
Ischemic L M 63 15 Aphasic/Perceptual Problems
Ischemic L F 67 21 Mild Aphasia
Hemorrhagic R F 34 16 Migraines
Hemorrhagic L F 57 i8 Perception/Cognition Impaired
Hemorrhagic L M 70 41 Perception/Cognition Impaired, Aphasia

4.5.2 Characteristics of the raters
The raters were experienced physiotherapists (mean 5 years; range 2 to 9 years) who
had worked with stroke patients (mean 2.5 years; range 1.5 to 3.5 years). The six
raters participating in the reliability study at the JRH included four therapists working
at an in-patient rehzbihtation setting (the JRH), one therapist from an acute care
setting, and the author (KD). The clinical backgrounds of these therapists are
presented in greater detail in Appendix 7.




4.5.3 Internal consistency of the completed STREAM
Using only the data for the thirty items that were retained, the individual item to total
correlations for the completed STREAM were calculated for our sample of twenty-six.
as had been done cn the test version (presented in 4.2). These values, presented in
Table 4.8, were comparable (albeit generally slightly lower, as is expected with fewer
items included) to those for the forty-three item instrument, and ranged from 0.579 to
0.926. The alpha coefficients reflecting the effect that omitting a particular item would
have on the overall alpha, ranged from (.982 to 0.984; alphas for the STREAM
subscales were 0.965 for mobility, and 0.979 for both of the limb subscales; the
overall alpha coefficient for the thirty item instrument was 0.984.

TABLE 4.8
Correlations of Item to Subscale and Total Scores on the Thirty Item STREAM

Item Number Correlation with:
Subscale Test Version (Completed) Subscale Score Total STREAM Score
Upper Extremity: 1 (1) 815 .883
2 (2) .840 .768
11 (7) .852 904
12 t) .952 .833
13 9 .905 .749
15 10) 875 .818
17 amn 967 .793
18 (12) 14 152
19 13 947 .800
20 (14) 907 .736
Lower Extremity: 4 3) .852 .140
2 (15) .864 .846
23 (16) .878 .856
24 a7 018 .015
25 (18) .895 .897
26 (19) .960 .861
27 (20) 937 .886
k)| 23) .895 .851
32 24) 926 817
R )] (25) .897 .876
Basic Mobility: s @ .610 636
8 )] .585 579
9 6) .890 798
29 1 .827 72
30 22) .838 795
M (26) 954 .880
36 27N 923 .875
A8 (28) 972 926
41 {29) .851 813

2 (30) 938 .892
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4.5.4 Inter-rater agreement for individual items on the STREAM

Table 4.9 shows, for each item, the distribution of perfect agreement, disagreement by
one category, and disagreement by two categories. The table is divided into three
parts. The first part lists the items related to the upper extremity subscale; followed
by the items pertaining to the lower extremity and basic mobility subscales. The
number in the last column indicates the number of subjects scored. Where the number
of ratings was less than twenty, the item could not be scored for some subjects due to
restricted range, pain, or other limitations. Although not presented, in fourteen of
fifteen instances, the raters concurred not only that the item could not be scored, but
also on the reason why 1t could not be scored.

For each subscale, the total number of ratings is given: 197 for the upper extremity,
193 for the lower extremity, and 195 for the basic mobility subscales respectively. At
the foot of the table appears the proportion of ratings where the agreement was perfect
or where there was disagreement. For example, in the upper extremity subscale, a total
of 174 (54+36+84) ratings, or 88.3% demonstrated perfect agreement. Similarly,
disagreement by one category occurred in 11.7% (23/197) of ratings, and there were
no disagreements of two categories for this subscale. Over all items, there were a total
of 585 ratings (~20 x 30); perfect agreement occurred in 89.4% of ratings;
disagreement by one category occurred for 9.6% of ratings: and, for only 1.0% were
there disagreements of two categories.

Kappa statistics reflecting the agreement between raters for the scoring of STREAM
items were presented in Table 4.4, section 4.3. Of the thirty items that were retained
on the completed instrument, all had excellent agreement, with the exception of item 29
(rising from sitting to standing) which demonstrated only moderate agreement (Kappa
was 0.65). In addition, none of the signed ranks for individual item scores (not
presented) were significant (ie. the probabilities of obtaining these statistics, under the
null hypothesis of no median difference in scores, were all >.05), indicating that there
was good agreement between raters.

4.5.5 Inter-rater agreement within scoring category 'l'
An additional focus of this project was to determine whether we could incorporate a
classification representing quality of movement 1nto a scoring system. To this end,
category '1' has three divisions: a: partial amplitude of active movement, with marked
deviation from normal pattern, b: partial amplitude of active movement, 1n a manner
that is comparable to the unaffected side, and c¢: complete amplitude of active
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movement, but with marked deviation from normal pattern. Table 4.10 presents the
distribution of agreement and disagreement within category 'l'. This table is cast
similarly to Table 4.9. The three subscales are indicated, and the items related to each
of these subscales are clustered under the appropriate sub-headings, as are the total
number of ratings for each subscale. Only items receiving a score of '1' by both raters
are described in Table 4.10.2 For example, for item one, only three of the twenty
subjects involved received ratings of '1' by both raters; the range over all items was
from one (items 13 and 33) to ten (item 27) ratings within category '1'.

Overall, perfect agreement within category '1' scoring predominated (82.1% of all item
ratings). For the upper and lower extremity subscales, the preponderance of
disagrcements were between 'la' and 'lb' (disagreement related to quality of
movement), and between '1a’ and '1¢' (disagreement related to quantity of movement).
In contrast, for the basic mobility subscale, disagreement was relatively equally
distributed over the three possibilities, including disagreements between ‘1b' and 'l¢’
(disagreement related to both quality and quantity of movement).

The prevalence of ratings within each of the categories ‘1a', 'lb' and 'ic' can be
derived from Table 4.10. The prevalences of scores obtained for many of the items
were low, and resulted in correspondingly low kappa statistics. Kappa statistics could
not be computed for three items because the denominator was zero (that is, expected
agreement was equal to 1). Figure 4.3 is a stem and leaf plot of the kappa statistics
obtained for the scores within category '1' on each item. Over all thirty items, with
pairs of raters scoring 'l', kappas ranged from undefined to 1.0. There was a wider
range of kappas for the agreement on the scoring within category '1', than was found
for the agreement between categories '0', 'l', and '2' (and '3' for the mobility
subscale). Values of the crude and expected agreement, and unweighted kappa for the
agreement on the scoring within category '1' for each item are found in Appendix 9.4.

2 Disagreements between category '1' and any other category are reflected in Table 4.9,
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TABLE 4.9
Distributior of Agreement for Pairs of Raters Scoring Twenty Subjects

Item Perfect Disagreement by:
Agreement One Category Two Categories

00 1,1 2.2 O,ior1,0 1,20r2,1 0,20r2,0 N*
Upper Extremity:
1 5 3 8 0 3 0 19
2 4 4 11 0 | 0 20
11 5 3 9 2 1 0 20
12 5 6 6 1 2 Q 20
13 5 1 9 1 3 0 19
15 S 4 7 2 2 0 20
17 6 4 9 0 0 0 19
18 S 5 8 1 1 0 20
19 7 2 9 1 1 0 20
20 7 4 8 0 1 0 20
TOTAL 54 36 84 8 15 0 197

88.3 % 11.7%
Lower Extremity:
4 3 5 10 0 2 0 20
22 2 8 9 0 i 0 20
23 | 8 9 1 1 0 20
24 3 7 10 0 0 0 20
25 2 4 11 0 1 0 I8
26 6 4 7 0 3 0 20
27 1 9 9 1 0 0 20
k| 2 7 9 I 0 0 19
32 4 3 7 4 1 0 19
a3 5 1 10 0 1 0 17
TOTAL 29 56 91 1. 10 0 193
91.2 % 8.8 %

Item Perfect Disugreement by;

Agreement One Cutegory Two Categories

0,0 1,1 22 33 0,1 1,2 2,3 0,2 1,3 N#
Basic Mobitity:
L] 0 7 0 N 0 0 1 0 1 20
8 0 4 1 14 0 0 0 0 1 20
9 0 8 1 10 0 0 i 0 0 20
29 0 7 | 6 0 4 0 0 2 20
30 0 5 2 10 0 1 1 0 1 20
k") 2 8§ 0 8 0 2 0 0 0 20
36 | 8 1 7 0 1 0 0 1 19
38 2 5 1 8 0 2 0 0 0 18
41 2 9 1 5 0 2 0 0 0 19
43 3 7 4 4 0 1 0 0 0 19
TOTAL:10 68 12 83 0 13 3 0 6 198
88.7 % 8.2 % 3.1 %

Note: only the agreement on the 30 items that were retamed (out of 43) 15 presented
* Parred ratngs on 20 subjects (due to missing data, the number of pairs of ratings range from 17 to 20).
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Distribution of Agreement on the Quazlitative Divisions Within Category '1' 2
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Note: only the agreement on the 30 items that were retained (out ot 43) 1s presented.

* The number of subjects (out of 20) scored "1’ by both raters.

# Category one has three divisions: Ta: partial movement with marked deviation from normal pattern
1h: partial movement with grossly normal pattern
1t complete movement with marked deviation from normal pattern
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FIGURE 4.3

Stem and Leaf Plot of Unweighted Kappas Showing Inter-Rater Agreement
on the Qualitative Divisions Within Category 'l'
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Note: Kappa was undetined for three stems (denominator 0), theretore, 27 kappas are presented.
2 Crude and expected agreement were egquivalent (numerator 0) for two tems.,

4.5.6 Inter-rater agreement for subscale and STREAM tetal scores
Scores for the STREAM as a whole, and for each subscale, were calculated for each
subject by summing the item scores (see Appendix 9.3). A total of fif'cen iteins were
scored as 'X', because seven of the patients could not perform them due to restricted
range of motion, paimn, or other reasons {eg. dizziness). Therefore, the scores have
been transformed to scores out ot 1(X). The procedure for transtorming subscale and
total scores is shown in Appendix 8.3,

The subscale and totail STREAM scores given by the two raters for each of the twenty
subjects are shown in Appendix 9.3 and in Figure 4.4. Figure 4.4 also shows the
pattern of agreement between the two raters on subscale and total scores. The close
proximity of the two lines indicates excellent inter-rater agreement that was consistent
across the entire range of scores, with a maximum difference on total scores of twelve
points between ratings. Interestingly, there was a tendency for the rater that was
observing to score slightly hgher than the rater doing the hands on assessment. The
observers gave the same (seven subjects) or higher (ten subjects) toial STREAM score
than the assessors for seventeen of the twenty subjects (85%). To determine whetne:
the difference between the scores given by the two raters was significant, signed ranks
were computed for subscale and total scores. These test statistics, along with thewr
related probabilities, are summarized in Table 4.11. None of the signed ranks were
significant {(at p<.05), indicating that there was good agreement between the raters,
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The signed rank staiistic was, however, nearly significant for the total scores, and this
result corresponds with the trend of higher scoring by observers seen in Figure 4.4.

As well as signed rank statistics, Table 4.1 hncludes the GCCs for inter-rater agreement
on the subscale and total scores for the twenty subjects. Three different models were
used to calculate the GCCs: subjects and raters as random facets, subjects random and
raters fixed, and subjects fixed with raters considered random facets. The GCC
relating to each of these models indicates the extent to which we can generalize across
raters (these particular raters, when raters are considered fixed facets; any raters,
where raters are considered random facets) when subjects are the object of
measurement. For example, for the upper extremity subscale, in order to differentiate
between any subjects using any raters, the generalizability coefficient would be 0.994,
indicating excellent generalizability across raters. The GCCs were identical for the
subjects fixed and subjects as random facets models, where raters were considered
random facets. This indicates that the raters contributed little variability to the scoring
of STREAM; reliable STREAM scores should, therefore, be attainable by the general
population of physical therapists, and not just by the selection of raters in this study.
The GCCs were undefined when raters were considered fixed facets, as all of the
variability was contributed by the subjects and the model was saturated. It can be secn
from the GCCs obtained, that of the three subscales, the upper extremity subscale was
the most reliably scored, followed by the lower extremity and basic mobilicy subscales.

TABLE 4.11
Summary of Inter-rater Agreement on Subscale and Total STREAM Scores

for Rater Pairs Scoring Twenty Subjects

Signed Generalizability 2
Rank CoefTicient
Upper Extremity: -11 (311) b .994
Lower Extremity: -8 (.281) .993
Basic Mobility: -16 (.172) .982
TOTAL SCORES: -26 (.072) 995

# GCCs were equivalent for raters and subjects random, and subjects tixed with raters random models,
b Probabilities m brachets.,




FIGURE 4.4

Direct Observation Study: Comparison of Two Ratings
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4.6 Results of the Videotaped Assessments Reliability Study

4.6.1 Characteristics of the subjects
Table 4.12 summarizes the characteristics of the subjects who participated in the
videotaped assessments reliability study. The subjects ranged from high to low
functioning, and included one aphasic subject, two subjects with perceptual and
memory impairments, and one subject with shoulder pain.

TABLE 4.12

Characteristics of Subjects Participating in the
Videotaped Assessments Reliability Study

Type of |Side of| Sex | Age| Days Post Comments
Stroke CVA CVA
Ischemic R M 60 77 High level: U/E impaired
Minor Shoulder Pain
Ischemic L M 6l 110 Moderate level motor function
Aphasic/Perceptual Problems
Hemorrhagic L M 80 238 Moderate level motor function
Perceptual/Memory Impaired
Hemorrhagic R F 50 155 Low level motox function

Aneurysm Clipped/Lobectomy

4.6.2 Characteristics of the raters
The twenty raters who participated in rating the tapes were all expernienced as
physiotherapists (mean 9 years; range 1 to 33 years), and had a minimum of six months
of expenence working with stroke (mean 4.5 years; range 0.5 to 11 years). They
included therapists working in acute care, in- and out-patient rehabilitation, and LTC
settings. Table 4.13 presents the clinical backgrounds of these raters.

4.6.3 Intra-rater agreement for individual items on the STREAM
Table 4.14 15 orgamzed in the same manner as Table 4.9 1n the presentation of the
results from the direct observation reliability study, except that, in Table 4.14 the
distributions of ratings given in the two viewing sessions by each of the twenty raters

(intra-rater agreement) are given. This is in contrast to the distribution of agreement



TABLE 4.13
Characteristics of Raters Participating in the
Videotaped Assessments Reliability Study (N =20)

Service Caseload # of Stroke Patieats  |Years of Eaperience
Arca Asscssed in Past Year | Physio (Stroke)
Acute Neuro 10-30 1(0.5)
Acute Mixed 10-30 1(08S)
Acute Neuro 10-30 10 ()
Acute Neuro 10-30 3D
Acute Neuro 10-30 11.5Q)

In-pt rehab/Acuie Neuro >30 4 (4)
In-pt rehab/Acute Mixed 10-30 554
In-pt rehab/Acute Mixed 10-30 2(D
In-pt rehab Geriatrics 10-30 50
In-pt rehab Mixed > 30 20 (10)
In-pt rehab Stroke 10-30 9 (4)
In-pt rehab Stroke 10-30 8 (3)
In-pt rehab Neuro >30 7(6.5)
In-pt rehab/LTC Mixed 10-30 9.5 (3.5)
Out-pt rehab Neuro >30 24 (1)
Out-pt rehab Neuro >30 33(11)
Out-pt ortho Ortho <10 6.5 (5)
LTC Mixed 10-30 10 (7.5)
MS¢ Student N/A <10 4(2.5)
MSc Student N/A <10 8(4)

for rater pairs (inter-rater agreement) shown in Table 4.9. The distribution of
agreemeni 1n each of the three categories (perfect agreement, disagreement by one
category, and disagreement by iwo categories) for each item, and for each of the threc
subscales are presented. The nurnber in the last column indicates the total number of
ratings given for the four videotapes combined (1e. 4 videotapes x 20 raters = 80
ratings). There were no missing item scores, hence there are a total of 80 ratings for
each item, a total of 800 ratings for each subscale (10 items x 80 ratings), and a grand
total of 2400 ratings over all 30 items. Over all 1items, perfect agreement occurred in
85.7% of the ratings, disagreement by one category occurred for 12.1%, and for only
2.2% were there disagreements of two categories.

Four tables (similar to Table 4.14) showing the distributions of intra-rater agreement
achieved on item scores for each of the videotapes (20 ratings for each item) can be
found in Appendix 10.1. The distributions of intra-rater agreements over each of the



TABLE 4.14
Distribution of Agreement for Twenty Raters Scoring Four Videetapes

Item Perfect _Disagreement by:
Agreement One Category Two Categories
0,0 L 22 O,lor1,0 120r2,1 0,2 0r 2,0
Upper Extremity: '
1 17 45 6 5 7 0 80
2 0 42 18 0 20 0 80
11 17 24 15 18 6 0 80
12 24 51 1 3 1 0 80
13 25 49 1 4 1 0 80
18 ’ 23 47 2 5 3 0 80
17 2 72 1 5 0 0 80
18 14 47 4 12 3 0 80
19 42 il 4 15 8 0 80
20 22 47 2 6 3 0 80
TOTAL: 186 435 54 52 0 800
84.4 %
Lower Extremity:
4 13 18 39 6 4 0 80
22 0 43 23 0 14 0 80
23 0 56 21 1 2 0 80
24 2 40 21 6 b 0 80
25 22 31 16 4 7 0 80
26 19 24 21 12 4 0 80
27 1 55 20 4 0 0 80
31 6 35 22 10 6 1 80
32 20 26 19 14 1 0 80
33 40 16 17 5 2 0 80
TOTAL: 123 350 219 62 45 1 800
86.5 % 13.4 % 0.1%
Item Perfect __Disagreement by:
Agreement One Category Two Categories

00 1,1 22 33 N#
Basic Mobility:
s 0 S6 0 7 0 3 0 0 14 80
8 0 7 0 65 0 0 1 0 7 80
9 0 29 23 11 0 5 4 0 8 80
29 0 22 24 20 0 13 1 0 0 80
30 0 11 0 45 0 1 i 0 22 80
34 0 49 2 20 0 9 0 0 0 80
36 0 54 0 19 0 7 0 0 0 80
38 0 51 1 20 0 8 0 0 0 80
41 0 58 0 20 0 2 0 0 0 80
43 0 57 0 20 0 3 0 0 0 80
TOTAL: 0 394 50 247 0 51 7 0 ) |

86.4 % 7.3% 6.4 %

Note: only the agreement on the 30 items that were retaned (out of 43) 1s presented.
* Twenty raters sconing tour videotapes on two occasions,
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three subscales, and over all scale items (ie. on total scores), for each of the four tapes
individually (20 ratings per item), and for the four tapes combined (80 ratings per 1tem)
are summarized in Table 4.15. For example, it can be seen from the first row of Table
4.15 that, for the Tape A upper extremity subscale scores, 84.0% (168/200) of ratings
occurred in the perfect agreement category, 16.0% (32/200) of the ratings were
disagreements by one category, and none of the paired ratings differed by two
categories. The ranks of the extent of perfect agreement on each of the subscales and
for total scores for the individual videotapes are given 1n the second column of Table
4.15; these ranks corresponded roughly with the subjects’ functional levels relative to
each of the subscales. The two lower ranking videotapes (Tapes C and D) were the
subjects with left sidled CVAs and perceptual problems.

The signed ranks, and accompanying probabilities, indicating intra-rater agreement on
individual test items for each of the four videotapes, are presented in Appendix 10.4.
There were only two items ('maintain standing’ of tape C, and 'sit to stand' of tape D)
with significant (p<.05) signed ranks, reflecting a significant trend to score the item
nigher on the second viewing session. Thus, with the exception of those two items,
there was generally good agreement between the raters' scores on the two viewing
occasions, over all items on the four separate tapes.

4,6.4 Intra-rater agreement within scoring caiegory 'l’

The distributions of intra-rater agreement and disagreement within category '1' (similar
to Table 4.10) for the item scores for each of the four videotapes are found in
Appendix 10.1. Table 4.16 15 orgamzed in the same fashion as Table 4.15;
summarizes the distributions of intra-rater agreement and disagreement v/ithin category
'1' for subscale and total scores, for each of the four videotapes individually, and for
the four videotapes combined. The numbers of parred retings which occurred within
category '1' for each subscale and for total scores for each videotape (from a maximum
possible of 20 ratings x 10 1teins in each subscale, or from 20 ratings x the total of 30
items (ie. 600 ratings for total scores) per tape) are noted in the last cclumn of this
table. Tape A had the fewest paired raungs within category '1' (143, over the 30
items), as this subject was relatively high functioning. Tape B (our lowest furctioning
patient), also had fewer ratings witbin category '1' than did the tape C and Tape D
subjects. For the subscales of the videotapes, the number of ratings within category '1'
ranged from three (for the taps A lower extremity subscale) to 146 (on the tape 1D basic
mobility subscale). No meaningful ranks could be given for the extent of perfect



TABLE 4.15

Summary of Intra-Rater Agreement for

Twenty Raters Scoring Four Videotapes on Two Qccasions

71

Perfect

. Disagreemenl (%)

Rank# Agreement (%)  One Category Two Categories

0,0 1,1 2.2 0,1 or 2,1 0,2 or 3,1 N*
Upper Extremity: 200
Tape A 3 168 (84.0) 32 (16.0) 0
Tape B 4 184 (92.0) 16 (8.0) 0
Tape C 2 162 (81.0) 38 (19.0) 0
Tape D 1 161 (80.5) 39 (19.5) 0
Combined 84.4% 15.6% 0 800
Lower Extremity: 200
Tape A 4 193 (96.5) 7(3.5) 0
Tape B 3 168 (84.0) 31 (15.5) 1(0.5)
Tape C 1 164 (82.0) 36 (18.0) 0
Tape D 2 167 (83.5) 33 (16.5) 0
Combined 86.5% 13.4% 0.1% 800
Basic Mobility: 200
Tape A 4 189 (94.5) 0 11 (5.5)
Tape B 2 174 (87.0) 13 (6.5) 13 (6.5)
Tape C 1 154 (71.0) 30 (15.0) 16 (8.0)
Tape D 3 176 (88.0) 13 (6.5) 11 (5.5)
Combined 86.4% 71.3% 6.4% 800
TOTAL SCORES: 600
Tape A 4 550 (91.7) 39 (6.5) 11 (1.8)
Tape B 3 526 (87.7) 60 (10.0) 14 (2.3)
Tape C | 480 (80.0) 104 (17.3) 16 2.7)
Tape D 2 504 (84.0) 85 (14.2) 11 (1.8)
Combined 85.7% 12.1% 22% 2400

¥ 20 raters sconng 30 items (10 items tor each subscale) on each videotape;
20 raters scoring 30 items on the 4 videotapes (combined).

a Ranked i order of extent of pertect agreement,
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TABLE 4.16
Summary of Intra-Rater Agreement Within Scoring Category '1'
for Twenty Raters Scoring Four Videotapes on Two Occasions
Perfect _ Disagreement (%)

Agreement (%)

la ib 1c 1atb ib Ic 1a lc N*
Upper Extremity:
Tape A 102 (83.6) 11 (9.0) 7(5.7) 2(1.6) 122
Tape B 42 (84.0) 8 (16.0) 0 0 50
Tape C 103 (93.6) 6 (5.5) 0 1 (09) 110
Tape D 116 (92.8) 9 (7.2) 0 0 125
Combined 89.2% 8.4% 1.7% 0.7% 407
Lower Extremiity:
Tape A 2 (66.7) 1(33.3) 0 0 3
Tape B 65 (65.0) 20 (20.0) 4 (4.0) 11(11.0) 100
Tape C 89 (63.6) 39 (27.9) 5(3.6) 7(5.0) 140
Tape D 94 (87.0) 14 (13.0) 0 0 108
Combined 71.2% 21.1% 2.6% 5.1% 351
Basic Mobility:
Tape A 18 (100) 0 0 0 I8
Tape B 134 (95.0) 0 1 (0.7) 6(4.3) 141
Tape C 97 (91.5) 8 (7.5) 0 1(0.9) 106
Tape D 137 (93.8) 6 (4.1) 0 3.1 146
Combined 93.9% 3.4% 0.2% 2.4% 411
TOTAL SCORES:
Tape A 122 (85.3) 12 (8.4) 7 (4.9) 2(1.4) 143
Tape B 241 (82.8) 28 (9.6) 5(1.7) 17 (5.8) 291
Tape C 289 (81.2) 53 (14.9) 5(1.4) 9(2.5) 356
Tape D 347 (91.5) 29 (7.7) 0 3(0.8) 379
Combined 85.5% 10.4% 1.5% 2.6% 1169

* The number of pared ratings within category '1' (out of a maximum of 600 per tape) tor 20 raters
scoring 30 ems on two accasions.
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agreement within scoring category one (as was done in Table 4.15) because there were
only three paired ratings within category '1' for the tape A lower extremity subscale.

Clearly, the majority of ratings within category '1' demonstrated perfect agreement.
The basic mobility subscale had the highest proportion of ratings with perfect
agreement (93.9% over all 4 tapes), followed by the upper extremity (89.2%), and the
lower extremity (71.2%) subscales. Disagreements of two categories occurred more
frequently on the lower extremity subscale (5.1% over the 4 tapes), than for either the
mobulity (2.4%) or the upper extremity (0.7%) subscales.

4.6.5 Intra-rater agreement for subscale and STREAM total scores

Figure 4.5 shows the paitern of agreement on the total STREAM scores given by the
twenty raters for each of the four videotapes on the two occasions. The close
proximity of the two lines suggests excellent intra-rater agreement. The paired ratings
were generally within a few points of each other: the greatest difference between
ratings on the two occasions on any of the tapes was nine points. Because there were
no items scored as 'X' in this study, total STREAM scores were not transformed to be
out of 100, and the raw scores out of a maximum possible score of seventy (ie. a
maximum of twenty poimnts on each of the limb subscales and thirty points on the
mobility subscaie) are shown. Plots of subscale scores for each of the four videotapes
are found in Appendix 10.2. Tables of subscale and total STREAM scores for each of
the four videotapes are found in Appendix 10.2. From these tables, and in Figure 4.5,
it can be seen that, although inwra-rater agreement was excellent, the subscale and total
STREAM scores given were consistently slightly higher (an average of two points
higher for total scores, over the four tapes) for the second rating session.

To determine whether the trend to score higher on the second session was significant,
signed ranks were computed for subscale and total scores for the four videotapes; these
statistical tests of agreement are prescnted in Table 4.17. The signed ranks were
significant (p <.05) for all subscales on tapes C and D, indicating that the trend to
score higher on the second viewing session was significant for these tapes.

Table 4.17 also summarizes the GCCs for subscale and total scores for the four
videotapes. The subscale GCCs were identical for the raters tixed and raters random
models, and dittered only in the third decimal place for the total scoie GCCs. Unlike
the results of the direct observation study, where the upper extremity subscale was the
most rehably score, the GCCs 1n this study were slightly higher for the lower extremity



and mobility subscales, followed by the upper extremity subscale.

All raters
demonstrated excellent intra-rater agreement on scoring the 4 videotapes, with GCCs
for individual raters ranging from 0.982 to 0.999 (subjects and occasions fixed
model).

TABLE 4.17

Summary of Intra-rater Agreement for Subscale and Total STREAM Scores
for Twenty Raters Scoring Four Videotapes on Two Occasions

Upper Lower Basic TOTAL

Extremity Extremity Mobility SCORES
Signed Rank:
TAPE A -6.5 (.801) a -7 (.188) -12.5 (.273) -25.5 (.246)
TAPE B -9.5 (.365) 6.5 (.659) -13.5(.427) -17.5 (.076)
TAPE C -35 (.049) -39 (.012) -83 (.0003) -74.5 (.0001)
TAPE D -53 (.009) -26 (.045) -33 (.001) -99 (.0001)
Generalizability Coefficient b:

963 .999 .999 .999

a Probablities in brackets.
b Maodel = subjects and occasions fixed, raters random.

4.6.6 Inter-rater agreement for STREAM scores on the two occasions
For each of the two viewing sessions, inter-rater agreement on the scoring of the four
videotapes was determined. That is, GCCs were computed for each occasion,
providing two estimates of the agreement between the twenty raters on total STRELAM
scores given on the four taped assessments. The STREAM scores used to estimate
inter-rater agreement for each of the two cccasions are given in Appendix 10.3, and are
shown in Figure 4.5. The relative flatness (slope near Q) of the lines that show the
scores on the two occasions 1n Figure 4.5, indicates that the agreement between raters
on the total STREAM scores was excellent on each occasion. On both occasions the

GCCs were (.999 (subjects fixed and raters random model).



FIGURE 4.5
Videotaped Assessments Reliability Study:
Comparison of the Two Ratings on STREAM-
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4.7 Summary of the Results

Based on the consensus of the two panels of experts, whose members represented the
potential consumers, the items and scoring of the original STREAM were revised to
enhance content validity. The test version of STREAM was comprised of forty-three
items, with three subscales of twenty-five limb movement items (scored on a 3-point
scale) and eighteen basic mobility items (scored on a 4-point scale). ltem reduction,
based on preliminary estimates of reliability of scoring items and mnternal consisiency of
the test version of STREAM, led to the completed version of STREAM, comprised of
thirty items equally distributed amongst the threc subscales. The nternal consistency
of this thirty item instrument was excellent, with Cronbach's alphas of greater than
0.98 on subscales and overall. The reliability was also excellent, both within and

between raters, with GCCs of 0.99 for total scores, and from 0.96 to 0.99 for subscale
scores.
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CHAPTER §
DISCUSSION
5.0 Introduction

This study has contributed information on several of the measurement properties of
STREAM, including: content validity, internal consistency, inter-rater and intra-rater
reliabihty. In this chapter, the outcomes and implications of the content development
and validation phase, the internal consistency analysis, and the direct observation and
videotai)ed assessments rcliability studies, are summarnzed and discussed. The two
different methods used for evaluating the reliabihty of STREAM are contrasted, and
are compared to testing done on other measures of motor function for stroke. Next, a
general comparnson is made between the STREAM and related measures of motor
function. The limitations of this study, and the potential Linmitations of STREAM as a
clinical measure of motor recovery are identified; imphcations for future research on
STREAM are piesented; and finally, the conclusions drawn from this study are posed.

8.1 Content Development and Validation

In the process of refining the STREAM, close attention was paid to the validity of the
content and to the utility of the instrument. Our consensus panels deliberated over the
selection of items, and produced the forty-three item test version of STREAM. This
instrument was then pared down to include thirty items that were, based on an analysis
of the intetnal consistency, all contributing 1nformation that was related to the
instrument as a whole but not redundant. The items retained also deinonstrated face
validity and were reliably scored. Interestingly, the recommendations from the
respondents of the content verification survey closely paralleled those of the consensus
panels. This convergence of feedback from a large number of therapists (including
sixty-four from the curvey, and twenty from the panels) lends further support to the

appropriateness of the items included.

In general, the changes which occurred in the evolution of STREAM from the original
mstrument, to the test, and finally to the completed versions involved primarily
changing the wording of the original itenis to improve clarity, adding some very high
and very low level items to elimimate ceiling and floor effects so that the STREAM
couid be used with the spectrum of motor mmipairments, and changing the scoring to
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improve sensitivity. In addition, items were modified so that they were more
functionally oriented, and a qualitative aspect was added to the scoring scheme.

5.1.1 Intent and scope nf STREAM
In devising the STREAM, a number of fundamental properties were conaidered,
including: the specific use to which 1t would be put, the domans to be mcluded, how
these domains would be evaluated, and the populations for which the measure should
be suitable. In addition, our goal was to produce a user friendly instrument, based on

the input of 1ts potential consumers, that could be realistically incorporated into routine
clinical practice.

The STREAM is intended to be used as an outcome measure tor evaluating treatment
effects, and for monitoring motor improvement. STREAM was not designed to be
used in isolation as an assessment tool for diagnosis and treatment planning, which
would require considerably more detailed information. None the less, we wanted to
achieve an nstrument that would provide a relatively comprehensive profile of a
patient's ability to move. Two aspects or domains of movement are wncorporated.
That is, voluatary movements of the limbs are evaluated to provide a profile of global
motor status, and basic mobility 15 evaluated 10 give a more functional pwcture of motor
recovery reflecting the tegration of movement of trunk and limbs.  Lunb movement
items include movements 1n several directions at each joint, and mobility itens include
activities performed in lying, sitting standing and walking. Because we wanted the
STREAM to reflect a patient's present level of motor functioning, actual pertormance
of items 1s scored rather than relying on self (or therapist) reports. Since the STREAM
1s intended to be suitable for use at all levels of stroke rehabilitation, and for
individuals with rnovement dystunction ranging from muld to severe, @ range of
movements representing gradations of difficulty were included. And finally. the lengih
and complexity of STREAM have been kept to @ mimmum to enhance 1ts climcal
utility, and, therefore, to make thc STREAM more attractive for use in the chnical
setting.

5.1.2 ltem selection
A number of factors influenced the selection of items included in the STREAM. Our
intention was to keep the STREAM as streamlined as possible, while sull providing
sufficient detail to adequately measure the construct of motor function for the spectrum
of motor impairment 1n all phases of stroke rehamintavon. For discniminating between

patient; with diftermg levels of motor impairment. and for monitoring individual’s
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motor recovery over time, it was necessary to include movements of graded ditficuity.
Thus, the items ncluded provide a relatively detailed profile of a patient's movement
ability in terms of limb movements and basic mobihty, and range from fairly
rudimentary movements that zan typically be performed early in the recovery process
(eg. shrugging shoulders, rolling) to more complex selective movements (cg.
opposition, stair climbing). Since the focus of STREAM ts to measure the recovery of
movement, and specifically motor ability, items were himited to simple movements and
activities in an attempt to minimize the confourding effects that varables other than
motor recovery, such as cognition, perception and communication, have on the
measurement of motor sta*us. For this reason, some ot the mobility items (rolling and
moving from supine to sitting) may be performed to either side, and only simple one or

two step commands are used and may be supplemented by demonstration to tacilitate
communication.

The items also had to have acceptable psychometric properties, that is, they had to have
face validity (ie. our two consensus panels had to consider the items to be important
and representative for evaluating motor recovery), they had to be reliably scored, and
they had to contribute information that was not already being contributed by other items
(reflected by inter-item correlations). To ensure that the items included in the final
version of STREAM would meet these standards, we evaluated the items on the test
version of STREAM based on the criteria outlined 1n Table 3.1. To summarize the
results of the item reduction (presented in section 4.4), a total of thirtecn items were
eliminated because they did not meet our criteria. Three upper extremity items (90"
shoulder flexion, 90¢ shoulder abduction, and combined wrist/finger extension) were
elimnated because they had very high correlations with other similar movements and
with the total STREAM score. Two lower extremity items (half crooklying, and
sidelying hip abduction) were eliminated because neither were rchably scored, and both
had questionable clinical relevance--the first due to a weak association with the
subscale, and the second because hip abduction 15 probably more functional when
performed in standing than when performed in lying and because hospitahized elderly
individuals often demonstrate difficulty with this movement bilateraily, regardless of
diagnosis. Finally, eight mobility items were dropped, two of which (maintaining
sitting and reaching to touch the floor) were eliminated on the hasis of having no
variability and no relationship to the other items on STREAM, and the remaining six
on the basis of being redundant. Thus, the process of item reduction served to identify
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and remove those items from the test version of STREAM that were not required or

desirable.

5.1.3 The Scoring of STREAM

A variety of approaches have been employed by the existing published instruments for
measuring the recovery of movement following stroke. For example, some instiuments
(Ashburn, 1982) have simply graded the movement in terms of quantity (eg. 'none /
part / 1ull' for hmb activity; 'unable / with assistance / with aid / independent' for
mobility), and have not addressed the 1ssue of quality of movement at all. Others have
ordered the test items hierarchically with respect to degree of presumed difficulty,
based on the assumption that stroke patients follow a predictable or consistent pattern of
recovery. With this Guttman-like scheme, the patient is evaluated on progressively
more difficult tasks until unable to perform several consecutive items; the more items
performed, the better the overall function and the higher the score of the individual
(Lincoln and Leadntter, 1979). Carr and Shepherd's MAS (Carr and Shepherd, 1985)
utilizes a seven point ordinat scale, with each successive level of scoring representing a
progressively hmgher level of function in terms of the quality of the movement.
However, scoring of this instrument is relatively complicated because the seven ordinal
levels are different for each item. The Fugl-Meyer (Fugl-Meyer et al, 1975) and
Chedoke-McMaster (Gowland et al, 1991) scales have employed the concept of
synergies to reflect the degree of recovery and quality of movement. There are several
problems, however, in using the synergic approach to classify movements--1) the
pattern of recovery of movement may not conform precisely to the rigid hierarchy, in
which case scoring becomes difficult, and, 2) the movement patterns evaluated using
this model often do not reflect everyday functionai movement patterns that would
pernaps be more meaningful indicators of motor recovery.

A number of scoring dimensions were incorporated in the scoring scheme of the revised
STREAM, including scoring with respect to: active range or amplitude of voluntary
movement possible, quality of movement, and the degree of assistance required (or
level of independence). The amplitude of active movement was felt to be an important
aspect to measure as it has obvious functional implications, atid provides an objectively
measurable reflection ¢f changes in motor ability. From our content verification survey
and consensus panels it was evident that chnicians wanted quality of movement
documented. Therapists were particularly concemed with quality of movement in the
carly stages of recovery from stroke, with the emphasis shifting more te function as




T ——

81

motor recovery plateaued.  Physical independence, specifically for carrying out
mobility activities, was also felt to be an important indicator of motor recovery, and
thus this dimension was incorporated 1nto the scorng of the mobaility subscale.

Since the scoring of STREAM was intended to be as simple as possible, we lumited the
categones for scoring the amplitude of movement to three ranges: no or numimal
movement (ie. less than 10%of normal movement); complete movement (or at least
90% of full movement); and, any movement between these two extremes. These
relatively wide scoring ranges enhance the STREAM's rehability, as climcians are less
likely to disagree among these choices than when more categories are nvolved. They
are also a plus for the chimical utility of STREAM, for they can be quickly and
accurately estimated by therapists without need for measuring each range by
goniometer. In addition, the broad middle range that include.s any movement that is
not complete, solves the problem of how to deal with patients who have active
movement, but whose movements are influenced by tone and, therefore, have
somewhat variable amphitudes. The movements of these individuals would generally

fall in the mid-range, greatly simplifying the measurement in terms of amphtude.,

Similarly, the quality of the movement is assessed s'mply as normal (or near normal) o1
abnormal. In addition, information from categories 'la' (partial amplitude; abnormal
pattern), '1b' (partial amplitude; normal pattern) and ‘l¢' (full amphtude; abnormal
pattern) may provide insight into the cause of the movement deficit, with catepory '1a’
potentially reflecting combinations of paresis and tone/abnormal control, category '1b'
potentially reflecting mainly paresis, and category ‘'lc¢' potentially reflecting
tone/movement control problems. These potential associations will need to be studied
further. If STREAM does differentiate between the various background causes of
movement disorders observed following stroke, it will make an important contribution
to the evaluation and treatment of hemiplegia.

Finally, although both physical independence and safety in performing functional
activities are important for functional purposes, in some cases varnables such as
cognition and perception may play a greater role than motor recovery in a patient's
functonal ability. Therefore, 1t was decided that on STREAM, if a patient had the
motor ability to achieve a given task, they would be given full credit for their
performance even if supervision was required due to cognitive or perceptual deficits.
To test a patient's functional independence, where the contributions of motor, cognitive
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and perceptual functioning are considered simultaneously, other more suitable measures
should be selected.

In summary, the scoring of STREAM was designed to reflect both the gross quality and
the amplitude of active movement, and, for the mobility activities, physical
independence as well. Moreover, the scoring was designed to be simple, unambiguous,
and objective so that therapists would be able to carry out the testing accurately and
easily, with no special training beyond having read the scoring instructions included in
the test manual. To achieve these qualities, we have carefully selected and defined (see
glossary of scoring terms, Appendix 8.3) the terms used in the scoring scheme.

5.1.4 The STREAM scoring form and test manual

The completed STREAM 1s comprised of thirty items, equally distributed over the
three subscales. Equal weight 1s given to each subscale, and therefore to each item.
To facilitate test administration, the items are listed on the scoring form in a convenient
order moving from items tested in lying, to sitting, and standing. In addition, for
quick reference, a table summarnizing the scoring directives is included on the front of
the STREAM scoring form. Movements are performed on both sides so that the
therapist can compare and contrast both the quality and amplitude of movement on the
unaffected side with that of the affected imb, and 1n this way judge whether the
movement is grassly normal for a given individual, and whether the patient has
understood the instructions. Also, the standardized verbal instructions to patients, and
specific notes for each item are given directly on the clinical sconng form. A
comprehensive instruction manual has been developed (Appendix 8) to further
standardize the testing procedures, and to provide information on the conceptual basis
and rehability of the instrument. The test manual also includes a subscale sconng form
(Appendix 8.3) to facihitate obtaining scores for the individual subscales and for the
total STREAM. This form has spaces to accumulate item scores under the appropriate
subscale, and guides the user through transforming subscale scores to be out of 100,
and denving total STREAM scores (out of 100) by summing the transformed subscale
scores and dividing by three.

Although the STREAM is relatively comprehensive, it is also quick and easy to
administer, requiring only about ten to fifieen minutes of a therapist's time, and no
special equipment or tramning. These features greatly enhance the STREAM's utility,
particularly for use in the clinical setting, where standardized outcome measures are
infrequently used because they are iengthy and/or cumbersome to employ.
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5.2 Internal Consistency

The completed STREAM and its subscales all demonstrated excellent internal
consistency, with Cronbach's alphas above 0.96 (extremity subscales both (.979;
mobility 0.965, total STREAM 0.984). Although the alpha coefficients for the thirty
itemn nstrument were, with the exception of the alpha for the lower extremuty subscale,
consistently slightly lower than the alphas obtained on the forty-three item instrument,
this was not unexpected as alpha 1s influenced by the number of items included.

In addition, seven of the forty-three items on the test version had item to subscale
correlations below 0.80 (and correspondingly low correlations with the total STREAM
scores), indicating a reiatively weak association with the subscale to which they
belonged. The five items with the lowest item to subscale correlation were elimnated
during the process of item reduction; the two items that were retained despite relatively
low 1tem to subscale correlations (1e. 0.61 and 0.59) were basic mobihity items--
specifically, rolling and bridging. These two ttems were retamned because they met all
our crniteria for item retention; they were measuring unique movements that the panels
had considered important aspects of motor function, and they were moaerately
correlated with the other test items and with the total scale (0.64 and 0.58) so were
related but not redundant. The alpha coefficients for the mobilhity subscale increased
only shghtly, from 0.965 to 0.969, when caiculated with each of these items removed.
Thus, the retention of rolling and bnidging only mmmally detracted from the overall
internal consistency, but 1s reflected in the shghtly lower alpha obtamed for the
mobility subscale. In contrast, the slight increase in the alpha for the lower extremity
subscale, from 0.972 on the test version to 0.979 on the thirty item STRE:AM, may be
explained by the fact that the two items that were eliminated from this subscale had low
correlations (0.50 and 0.71) with the subscale total; because they did not have a strong

association with the subscale, removal of these items improved the alpha for the
subscale.

The alpha coefficients for STREAM and its subscales surpass the recommended 0.90
(Feinstein, 1987) for an instrument to be chnically usefui for measuring a specific
concept, thus supporting the use of STREAM for evaluating the movements of stroke
patients. The subjects included in the internal consistency analysis came trom in-
patient rehabilitation as well as acute and LTC settings, and their scores on STREAM
were distributed across the entire range of possible scores. Theretfore, the results of
this analysis should be representative of the performance of STREAM when used with
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the population for which it 1s intended. The high degree of internal consistency
indicates that the items included in STREAM are measuring one concept, presumably
the recovery of motor function. The STREAM, thus, is internally consistent. In
addition, the high level of internal consistency adds further support to the
appropriateness of the content.

5.3 Reliability Studies

The reliability of a chimical scale is essential, as this property is a prerequisite to both
the validity and responsiveness of the instrument. Reliability is important so that an
instrument car accurately reflect the concept being measured, and so that 1t can detect
small clinical changes. Reliability coefficients of 0.95 or better are recommended as
the mimmal requirement for a clinical outcome measure used in decision making about
individuals (Helmstadter, 1964; Nunally, 1978; Weiner and Stewart, 1984). The
estimates of reliability obtained for STREAM under the conditions imposed 1n this
study exceeded the required level, and support further testing of the measurement
properties. The extent to which the results of these studies can be generalized to
chimcal practice 1s related to the charactenstics of the subjects and raters involved, and
to how closely the approach used to evaluate rehability approximates realistic testing
conditions. In this section, the generalizability of the findings of the two reliability
studies are discussed 1n relation to the populations 1nvolved, and some of the interesting
findings that may impact on climcal practice or research are lighlighted. Next, the
differencas 1n the results of the two reliabslity studies are compared to one another.
Subsequent discussion compares the testing done on other related measures, and
considers the generalizability of the results of these studies in relation to the various
approaches that are used for evaluating rehiability.

5.3.1 Direct observation reliability study
In this study, pairs of raters from a group of six participating therapists simultaneously
and independently used STREAM (ie. one rater observing the other doing the
assessment) to evaluate the movements of twenty individuals who were undergoing
active rehabilitation for stroke.

The chinical profiles of the twenty subjects participating in this study (summarized in
Tabie 4.7) were diverse, and reflected the distrbution and range of comorbid medical
problems typically encountered in the stroke rehabilitation setting. The subjects
demonstrated a wide range of motor ability, with total scores on STREAM ranging
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from 23/100 to 100/100, so the findings of this study should be generalizable across
these scoring ranges for similar in-patient rehabilitation populations. Further study 1s
needed, howcever, to determine the rehability of STREAM 1n other stroke populations
and chinical settings, such as acute or LTC.

The chinical backgrounds of the six raters were diverse: they had graduated from three
different universities, worked at three different facilities, and had a range of trom two
to nine years expenence as therapists, and several (1.5 to 31.5) years of expenence
working in stroke rehabilitation. Very hmited traiming was given on the use of the
STREAM; raters attended a short session duning, which the methods to be followed
during the study were explained and a videotaped STREAM assessment was viewed
and briefly discussed; they were also asked to do practice evaluations on two patients
using STREAM. Thus, similar levels of rehability should be achievable in chmical
practice simply by having therapists read the test manual and administer the STREAM
a few times to become familiar with the instrument.

For our sample of twenty subjects, there was considerable vanability in the scores on
all the retained items. The distributions of scores on individual items are shown n
Appendix 9.1. Only one score category, 'lb', received very few ratings over all items;
that is, patients who were only able to perform a movement partially, were also likely
to use abnormal movement patterns. Other interesting but not surprising observations
were made regarding the distribution of agreement for the ratings given within category
'1' (shown in Table 4.9). Specifically, disagreements within category '1' scores
occurred between 'Ia’ and 'Ib' (qualitative) or 'la' and 'l¢' (quantitative) twice as
frequently as between 'ib' and 'lc¢' (qualitative and quantitative). Also, disagreements
by two categories occurred only within the mobulity subscale, and were exclusively
between categonies '1' and '3'. Five of the six disagreements between these two
categories involved '1¢' (complete and independent movement, but abnormal pattern),
reflecting the therapists' relative difficulty in differentiating between normal and
abnormal movement patterns for some movements. The remaining disagreement was
due to a rating of 'th' (partial assistance required, but normal pattern) given for
bridging, probably rcflecting a problem in deciding if partial assistance was required
for stabilizing this patient's knees 1n mid-line for this movement. In these cases where
the discrepancy was of two categories, the differences between the scores related only
10 one aspect of movement--either the quality of the movement, or the quantity.
Obviously, these particular two category discrepancies are iess serious than would be
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the case, for example, 1f the difference in scores reiated to both quantity and quality of
the movement (eg between 'la' and '3' or '0' and '2'), and fortunately, this never

occurred.

Only one of the items retained on the completed STREAM demonstrated less than
excellent reliability; kappa was only 0.65 for the item measuring sit to stand. This item
was kept because the consensus panels had deemed 1t to be crucial as an important
milestone of motor functioning, and because it performed well in terms of internal
consistency, correlating at 0.83 with the subscale score and 0.77 with the total score.
The disagreements between raters ratings on this item (on both reliability studies) were
almost exclusively between categories 'Ic¢' and '2' or '3'. That 1s, the raters had
difficulty differentiating between normal and abnormal movement patterns on this item.
The instruction for this item was to "stand up: try to take equal weight on both legs";
the intention of the cue was to encourage equal weightbearing thus eliciting the
patient's best performance. It 1s however difficult for the raters to discern the actual
distnbution of weight during the movement. The reliability of this item may be
improved by adding a note to raters explaming the intent of the cue to patients, and
asking them to grade the movement by observing the symmetry in both the vertical and
horizontal planes. For example, "Note: asvmmetry such as trunk lean, trendelenburg,
hip retraction, or excessive flexion or ertension of the affected knee = marked
deviation (score la or ic)".

Of the 1,200 ratings given 1n the direct observation reliability study (20 subjects x 2
raters x 30 items), forty-seven ratings of 'X' were given. One patient was unable to
perform eleven 1tems (two lower extremity, and nine mobility items) due to pain on
weightbearing, and dizziness 1n standing; for each of the remaming six subjects with
missing data, only a few 1tems (four or less) could not be performed hence were given
ratiugs of 'X'. Rehability was not adversely influenced by the missing data; excluding
these individuals would not have tfurther improved rehability. The effect of the missing
data on the vaiidity and interpretation of subscale and total STREAM scores, however,
1s still to be determined. A max:mum needs to be set, through studies of validity and
responstveness, for the number of missing item scores allowed for subscale and total
STREAM scores to still be meaningful.

Of the three subscales, the upper extremity subscale was the most reliably scored,
tollowed by the lower extremity and basic mobility subscales (GCCs were 0.994,
0.993, 0.982). The finding of shghtly greater rehability for the upper extremity
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subscale, may be due to a greater heterogeneity 1n patients' upper extremity scores, as
upper extremity recovery tends to be slower and less complete than that for the lower
extremity. Another possible contnbutor to this shightly higher reliability may be that
several of the patients had flacaid upper extremities, and clearly were not able to
perform the test movement at all (so received a score of '0') thereby reducing the
possibility of rater d:sagreement on scoring.

Over the course of this study, 1t was noted that several subjects did not contorm to the
expected pattern of greater improvement in the leg and mobility than in arm tunction.
Interestingly, patients who were still 1n hospital many months tollowing their stroke,
and who were primanly wheelchair dependent, tended to demonstrate considerable
recovery in arm function relative to the leg and mobility subscale scores. A recent
study (Duncan et al 1994), involving a population similar to the subjects in the
STREAM study, compared the rates of recovery from motor impairments for the upper
and lower extremities {as measured by the Fugl-Meyer limb subscales). In hne with
the findings of the STREAM study, their findings show that one group ot stroke
patients, those with moderately severe initial motor imparrments, tended to recover to a
greater extent 1n the upper extremity than in the lower extremity. The relationships
between the recovery from motor impairments and recovery of function ta the limb and
mobility domains, the severity of the initial impairments, and the duration ot time since
stroke, warrants further investigation.

Another interesting but unexpected finding made during the study was that, where the
observing raters' scores differed from the scores given by the rater doing the actual
hands on assessment, they generally did so by giving a higher score. Although this
difference in scores was not significant, 1t was consistent, and 15 apparent from the
plots of scores for this study, shown in Figure 4.4. There is no obvious explanation for
this incidental observation of higher scores given by the observers. In chimcal practice,
however, this will not be an 1ssue, as therapists will do the actual hands on assessing
when scoring STREAM.

And finally, another interesting and promising finding 1n this study was that the GCCs
were identical for the raters fixed anr. raters as random facets models, indicating that
the raters contributed httle variability to the sconng of STREAM. This means that,
theoretically, reliable STREAM scores should be attainable by the general population
of physical therapists, and not just by the selection of raters in this study.




5.3.2 Videotaped assessments reliability study

In this study, twenty therapists viewed and rated four videotaped STREAM assessments
on two occasions, and estimates were obtained for intra-rater as well as inter-rater
rehability (on cach of the two occasions). The chinical profiles of the four videotaped
subjects participating 1n this study were relatively diverse. and reflected the distribution
and range of comorbid medical problems typically encountered in the stroke
rehabilitation setting. These subjects demonstrated a wide range of motor abihity, with
scores on STREAM ranging from 21/70 to 65/70, thus, the findings should be
generalizable across these scoring ranges. The twenty therapists involved 1n rating the
tapes had graduated from six universities, were woiking in twelve different facilities,
and had a wide range of general ( 1 to 33 years) and stroke specific (0.5 to 11 years)
clinical experience. 'The diversity of the clinical backgrounds of the participating
therapists supports the generalizability of the results of our study across the spectrum of
training and experience. In addition, the raters received very lhittle training in the use
of the STREAM prior to the videotape viewings. Two weeks prior to the stud; they
were given a copy of the STREAM and scoring instructions, and were asked to do two
practice evaluations of patients using STREAM. Despite this very limited training,
excellent reliability was achieved, suggesting that similar levels of reliability sheuld be
achievable 1n the chinical setting with no formal training save for reading the test
manual. The bmitations of the results of this study due to the use of videotaped
assessments are presented below in the sections comparing the various approaches for
testing reliability. The remainder of this section discusses some of the interesting
findings of this study.

The distribution of agreement on this study was similar to that of the direct cbservation
reliability study. That is, the disagreements of two categones again occurred almost
exclusively within the mobility subscale, and were primarily between categories 'l'
(mawmnly 'lc¢') and '3'. In contrast to the previous study examuning inter-rater
agreement, where one therapist's idea of normal may differ from another therapist's
definition of normal, 1n this study the same therapist gave these different ratings on two
occasions, illustrating that agreement on what is normal or abnormal movement was
occasionally a problem not only between therapists, but also for individuals on different
occaslons.

We ranked each of the tapes based on their levels of perfect agreement (see Table
4.15). Not surprisingly, slightly lower levels of overall agreement were observed for
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tapes C and D, two subjects that were moderately influenced by tone and that had
perceptual problems. This finding suggests that tone and perceptual problems may
make the scoring of movement shightly more ditficult.  Our highest tunctioning
individual was most rehiably scored on STREAM, as this mdividual could cleatly
perform the majority of the movements well, so decwding on the score to give was not a
problem for therapists.  The ranks of agreement on each ot the tape« ditfered shghtly
for the upper extremity subscale. That 1s, the patient who had the highest rank for
level of perfect agreement had a flaccid arm, thus was generally more eastly scored for
the upper extremity, as 1t was clear that category '0' apphed.

Within category ‘'1', disagreements between categories '1a' and '1b' (quahitative) and
categories '1a' and 'lc¢' (quantitative) occurred more frequently than between '1b' and
'1¢' (qualitauve and quantitative) for the limb movements. In contrast with the direct
observation -wdy, for mobility activities there was an equal distnibution ot
disagreements. That 1s, on average over the four tapes, raters were equally hhkely to
disagree 1n terms of the movement quahity. quantity, or both at once  This result may
be in part due to the use of videotapes, from which 1t may be harder to observe
movements both in terms of quality and quanuity. The subject selection may also have
had an influence on the distnibution ot disagreements chserved within category '1'.
The discrepant ratings were generally 1sofated to a few specific items.  ‘The
disagreements between 'Ib' and 'l¢' occurred almost exclusively on the tape A upper
extremity subscale {of the seven discrepant ratings, two were {or supinaton/pronation,
and three were for closing the hand), and on the tapes B and € lower exttemity
subscales (of nine discrepant ratings, all were given on the leg movements performed in
sitting).  Either these particular items were not clearly shown on these videotapes, or
the patients performances of these 1tems were borderline 1n terms of which scoie they
should be given, and may have been as difficult to rate consistently while directly
observing the patients performance n the clinical setting.

It is obviously more difficult to view clearly smaller movements on videotape, such as
movements of the hand, than to view the larger range movements of the extremities and
basic mobility subscales. Therefore, because of the greater number of movements
included 1n the upper extremity subscale that are potentially difficult 10 view, the

finding of shightly lower reliability for this subscale on the videotape study 15 not
surprising.
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Interestingly, there was a tendency for raters to score the videotaped subjects higher on
the second ratings, and in fact tor iwo of the tapes this difference was significant
(signed ranks; p<.05). It s possible that this trend was an artitact of the therapist's
'learning curve', and that, had a third viewing session been carried out and compared
with the scoring of the second session, this trend would no longer be evident. i would
be of interest to examine what effect further training would have achieved on the

variabihty of the scoring.

5.3.3 Comparison between the two reliability studies
The use ot two difterent methods to evaluate rehability (direct observation and
videotape viewing) generated a considerable amount of information. It also provides an
opporturuty to contrast these two approaches and examine some of the differences
between these two methods for testing rehiability.  The two studies differed 1in general
design, 1n that the direct observation study was aimed at estimating the agreement
within raters, while the videotaped study was aimed at estimating the apreement
between raters (although the agreement within raters was also evaluated for each of the
two occasions), Thus, a comparison of these two studies 1s a bit like comparing apples
to oranges. Nore the less, a number of interesting difterences between these two
approaches to measuring rehabihity were evident. The distributions of agreement,
signed rank statistics, and GCCs for subscales and total scores for each of the two

studies are summarized side by side for comparison 1n Table 5.1,

In general. the results of the two rehability studies were comparable, with both studies
indicating excelient overall agreement on the scoring of STREAM. The most notable
ditterence betw=en the two studies was the shightly lower generalizability coefficient for
the upper extremuty subscale in the videotaped assessments study, which hikely can be
explained at least 1n part by the different methods used. Also, not surprisingly n light
of the more controlled testing conditions, overall inter-rater agreement on the
videotaped assessments reliability study was shghtly higher than on the direct
observation study. The finding of slightly higher intra-rater than inter-rater agreement
1s also as would be expected, as typically agreement within raters is better than that
between raters.  The comparison of these two studies would indicate that. although the
results ot the two reliabihity stud. s were comparable, the study methods do influence
the results, and theretore must be considered when judging the rehability of individual

test items, subscales, and of an mstrument as a whole.
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TABLE 5.1
Comparison of the Results of the Two Reliability Studies
DIRECT VIDEOTAPED ASSESSMENTS
OBSERVATION Tape: A B C D Combined
SUBSCALES
Perfect Agreement
Upper Fxtrermity BR 3% ] 44
Lower Extrerty 91 2% R SY
Racic Mobihty 8RR 7% RO 44
Signed Ranks?
Upper Extremty NS NS NS 8 S
Lower Extremity NS NS NS S S
Basic Mobihty NS NS NS S N
GCCs
Upper Extremity 994 901
I ower Extremity 993 999
Rasic Mohihty 982 090
TOTAL SCORES
Perfect Agreement 89 4% RS 7%
Signed Ranks NS NS NS S S
GCCs 995 990h

a : 'NS"indicates pood agreement (ie.non-sigmticant sipned rank, p> 05)
'St indicates poor agreement (e sigmiticant signed ranks, p< 05)
h : the same value was obtaned for inter- and intra-rater agreement

5.3.4 Overview of reliability studies done on measures of motor recovery
Table 5.2 provides a comprehensive summ.ary of the types of rchability studies that
have been published to date on the available stroke motor assessments. More details
are given in the literature review, 1n section 2.2.3, for the rehability studies carried out
on the Fugl-Meyer Assessment, the Motor Assessinent Scale (MAS), and the Chedohe-
McMaster Stroke Assessment (C-McSA). The STREAM, although published only in
abstract form as yet, 1s included in the table to facilitate a companson of the
extensiveness, the quality, and the results of the STREAM rehabihty studies, with
studies done for related measures. As can be seen, the studies varied considerably in
terms of: the types of rehiability (inter-rater, intra-rater, test-retest, and/or internal
consistency) evaluated, the general approach used (direct observation or videotapes),
the numbers of patients and raters involved, the types of patients assessed
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(rehabilitation or chronic), and the type(s) of anaiysis conducted. Within the direct
observation type studies, there were also differences in how the patients were rated,
such as whether each of the raters performed the assessments on separate occasions
(with a range of intervals between ratings), or both raters were present for the same
performance, with one (or both) rater(s) observing the assessment.

In brief, only two of the measures (including STREAM) were evaluated for internal
consistency as well as for rater agreement, but most of the published instruments have
been evaluated in terms of both inter- and intra-rater agreement. Only two instruments
(the Fugl-Meyer and MAS) have been evaluated twice (using different populations,
methods and analyses) for inter-rater agreement.

The majority of published studies (ten of the eleven reported here) used direct
observation 1in the chinical setting to assess rehability, four studies used videotaped
assessments 1n addition to direct observation (for determining intra-rater agreement in
two studies, and for inter-rater agreement in the remaining two), and one study used
only videotaped assessments (and determined intra-rater agreement only). Videotaped
assessments were used to ensure the stability of the performance being rated over time
(for evalvating intra-rater relability), and/or to minimize burden to patients for
repeated testing. It was also generally recognized that these videotaped reliability
studies were preliminary :n nature, and represented rehability under conditions that
were less vanable that in typical chimcal practice. Of the eight direct observation type
studies for evalvating inter-rater reliability, four involved raters evaluating subjects on
separate occasions (with intervals ranging from three hours to fourteen days between
occasions), and four involved raters assessing in pairs, with one (or both) rater(s)
observing the assessment. In two of the four 'observer’ studies, one rater observed the
evaluation being done by the other rater, while 1n the remaining two studies both raters
observed while another therapist performed the evaluation. In light of the findings of
the STREAM direct observation reliability study, where observing raters tended to give
higher scores than the rater performing the assessment, and because it is unusual in the
chnical setting for therapists not to be doing their own hands-on evaluation while rating
a patient, this way of testing may have questionable relevance. Having the therapists
perform separate evaiuations may more directly reflect how these assessments are
generally used in the chnical setting, with different raters carrying out evaluations at
different umes, a.ad multiple possible sources of variability. There are, however,
several importar.t reasons for having one rater observe while the other therapist
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performs the assessment, including: convenience, to mimmze the burden to patients,
and to ensure that an identical performance 1s being rated by both raters. By
eliminating the possibility of vanabihity of the panient's performance from the equation,
a relatively 'pure’ estimate is obtained for the agreement between raters on the scoring
of the instrument. 'Pros’ and 'cons' exist for each of the above methods, and.
unfortunately, some degree of compromise ts usually necessary. Future studies could
feasibly do two studies--one with raters carrying out assessments independently on
separate occasions, and another with raters simultaneously rating the same
performance. Not only would this provide additional evidence for rehability, 1t would
also allow for a companson to be made between these two methods, as was done n this
study for the direct observation and videotaped approaches.

Only three studies looked at intra-rater rehabihity in the climcal setting using direct
observation rather than videotapes. However, two of these studies (Duncan et al,
1983, and Lincoln and Leadbitter, 1979) included chronic stroke patients only, looked
at intra-rater agreement for only one rater, and used Pearson's correlations (reflecting
only a hnear relationship) for the analysis rather than the more informative 1CC
(reflecting actual concordance of scores). The other direct observation intra-rater study
(Corriveau et al, 1992) involved rehabilitation patients, 1n an attempt to obtain
estimates more generalizable to the rehabilitation setung. In this study, mineteen
therapisis carried out assessments on three occasions within a two week interval.
Rehabilitation patients may be expected to improve durning this interval, and therefore
scores would potentially change over the course of the study. 1t is also possible that
therapists would remember the scores given on the previous occasion.  Although
estimates of intra-rater reliability in the rehabilitation setting are required for
instruments used in this setting, obtaining these estimates by the direct observation
method requires several compromises that may bias the results, and so the videotaped
assessments method, although artificial, may be a reasonable alternative.




TABLE 5.2

Summary of Reliability Studies Done for Stroke Motor Assessments

Study Methods Subjects Raters Results

STREAM Iater-rater, and internal consistency
This study Direct observation (1 rater observing) 20 rehab patients 2 (of 6) GCC=.99
(u/e .99; Ve .99; mobility .98)
Chronbach's alpha=.98
(u/e .98: l/e .98 mobility .97)
Intra-rater
Videotapes (2 occasions; 1 month interval) 4 rehab patients 20 GCC=.99
(u/e .96; l/e .99; mobility .99)

C-McSA Inter-rater
Gowland, Direct observation (1rater observing) 32 rehab patients 2 (of 6) ICC=.99
1993 *.n first week of admission to rehab (videotaped)

Intra-rater
Videotapes (2 occasions; > 2 week interval) 32 rehab patients 3 ICC=.98
*impairment inventory only

Test-retest
Direct observation (lrater observing) 32 rehab patients 2 (of 6) ICC=.98
(2 occasions; >5 day interval)
*disability inventory only

Note: First author's name given only.



TABLE 5.2 (cont)
Summary of Reliability Studies Done for Stroke Motor Assessments

Methods Subjects Raters

Study Results
Fugi-Meyer Inter-rater
Sanford, Direct observation 12 rehab patients 3 ICC=.96
1993 (assessed separately; same or next day) (u/e .97; Ve .99)
Duncan, Inter-rater
1983 Direct observation (assessed separately; same day) 8 patients on u/e; 3 (of 4) Pearson's r=
*evaluating extremity subscales only 10 patients on 1/e subscale u/e .99; l/e.89
Intra-rater
Direct observation (3 occasions; 3 week intervals) 19 chronic CVA I(of 1) .99 for total score
(>1 year post CVA) (.86-.99; subscales)
MAS Inter-rater
Poole, 1988 Direct observation (raters both observing) 24 rehab patienis 2 Spearman's rg=.99
Loewen. Intra-rater
1988 Videotapes (2 occasions; I month interval) 7 rehab patients 14 Kappa 80% >.75
“excluded tone rg=.33-1.00
Carr. 1985 Test-retest
Direct observation (2 occasions; 1mos interval) 14 rehab patients 1(of 1) Pearson's r=.98
Inter-rater
Videotapes 5 rehab patients 20 Pearson's r=.95

*agreement with criterion score (5 mos-34 yr post CVA)

1 Note: First author's name grven only.




TABLE 5.2 (cont)
Summary of Reliability Studies Done for Stroke Motor Assessments

Study Methods Subjects Raters Results
Bobath Intra-rater
Corriveau, Direct observation 19 rehab patients 1(of 19) ICC=u/e .79; /e .77
1992 (3 occasions; > 48hr interval; within 14 days)
Inter-rater
Direct observation 18 rehab patients 3(of 3) ICC=vu/e .97; 1/e .95
(assessed seperately; >48hr interval; within 14 days)
Rivermead Inter-rater
Lincoln, Videotapes 7 chronic CVA 7 ANOVA (sig for u/e)
1979 *original version UE section revised in response to findings of this study
Intra-rater
Direct observation (2 occasions; | month interval) 10 chronic CVA I(of 1) Pearson's r=.66-.93
LaVigne Inter-rater, and internal consistency
Brosseau, Direct observation (same day; > 3hr interval) 36 acute CVA 2 (of 4) ICC=.77 v/e;
1992 .65 l/e; hand .87

Physical Assessment for Stroke

Ashburn,
1982

Inter-rater
Direct observation (paired observers) 15 rehab patients 2 (of 7

Chronbach's alpha:
w/e .91; hand .94; l/e .86

No statistical analysis;

disagreements on items noted.

1 Note: First author's name given only.
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5.4 Generai Comparison of STREAM with Other Measures of Motor Recovery

The following section provides a general summary of how the known and expected
characteristics of STREAM "measure up' to related mnstruments. An overview of the
characteristics of the published instruments for evaluating motor function after stroke
was given in Table 2.1. In this table, the content domains, conceptual framework,
scoring, administration time, and extent of evaluation of the psychometric properties of
each measure were noted. Below, each of these characteristics are briefly summarized
for STREAM, and compared with those of the other instruments.

5.4.1 Content domains
Two content domains are included in the STREAM: voluntary movements of the
limbs, and basic mobility. Most of the instruments related to STREAM measure
similar aspects of movement, although several instruments include additional domains,
such as: sensation, pain, range of passive movement, and/or tone. While these
additional domains are necessary for treatment planning purposes, they do not

specifically reflect motor recovery and, therefore, should not be included in an outcome
measure for this trait.

5.4.2 Conceptual framework
Several of the stroke motor assessments were based on the synergic patterns of motor
recovery described by Brunnstrom (1970). Similarly, one measure (Guarrna et al,
1988) is based on Bobath's phases of recovery. In contrast, the MAS has taken a
purely functional approach, and conforms to motor control principles. The conceptual
frameworks of the remaining instruments were not specified, although they appear to
fall somewhere between the synergic and the functional approaches. STREAM also
employs an eclectic conceptual basis.  That 1s, although the synergies are not
specifically addressed in the STREAM's approach to measunng movement, they are
reflected by the movements included in STREAM 1n as much as movements range from
very basic (typically in synergic pattern--eg. hip and knee flexion) to gradually more
difficult (and out of synergy--eg. knee flexion with hip extended). The STREAM
movements are also all closely related to functional movements. For example, flexing
the knee in sitting is required in preparation for standing, hip flexion tn siting is
required for donning shoes and socks and placing the foot on a foot pedal if 1n a
wheelchair, and reaching to touch the top of the head is required for grooming.
Although functionally oriented, the movements evaluated on STREAM are intentionally
limited to simple movements rather than tasks involving the manipulation of props (eg.
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shoes, hair brushes, etc). There were two reasons for confining the movements to
those that did not require equipment: 1) to minimize the potential confounding
influence of perceptual and cognitive functioning on the movement, and 2) to enhance
the portability and utihity of STR_AM. Hopefully, the approach to measuring
movement employed by the STREAM will satisfy the proponents of the synergies, as

well as therapists leaning towards a more functional approach.

5.4.3 Scoring

The related siroke motor assessments all use ordinal scales for the scoring of individual
test itetns. The scales used range from two to seven pomts, and thus vary in terms of
complexity and preciseness. Section 5.!.2 of this discussion outlined several issues
related to the scoring dimensions (such as quantity, quality, or independence of
movement) incorporated nto the related instruments, and how these schemes influenced
the scoring scheme developed for STREAM. In brief, several problems exist in the
scoring of the other instruments: all of the dimensions of movement of interest to
therapists (1e. quantity, quality, and independence of movement) are not adequately
reflected; dichotomous scaling does not prc vide adequate sensitivity, while seven-point
scales (particularly where descriptions for each level on each item are different) are
excessively complex; and/or scoring categories are not objectively defined. The
scoring of STREAM 15 1ntended to resolve these problems. Amplitude, gross qualty,
and independence in mobulity are incorporated. Simple three point (limb movements)
and four point (mobility) ordinal scaling is used, with consistent and objective
descriptions applied across all items. The findings of this study, including the
exceptional reliability and minimal administration time, would indicate that the
STREAM scoring scheme has adequately resolved most of the problems identified in
the scoring of the other mstruments, while still maintaimng simplicity and objectivity.

§.4.4 Administration time
A common characteristic of al! of the stroke motor assessments is that they are intended
to be administered by therapists, and require the therapists to observe and score the
patient's actual physical performance rather than relying on self-report.  The
STREAM., however, 1s administered in about haif the time required by the other
measures (ie. 1n approximately fifteer minutes). Only one other instrument, the MAS,
is carried out in a similar amount of time, and this instrument consists of only nine
items. Although the STREAM 1s comprised of thirty items, the simple scoring process
and the way in which the instrument is organized (ie. the flow of items from supine to
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standing and from low to high level in terms of motor ability, the standardized
instructions, and the fact that no special equipment 1s required) combine to facilitate

rapid assessment. This quality of STREAM will certainly be much appreciated by
clinicians.

5.4.5 Reliability

Tte rehability, and the quality and extent of the tests for this property, for STREAM
and related clinical measures of stroke motor function, were summarized n Table 5.2,
and discussed in section 5.2.4. To date, the inter- and intra-rater reliabihity, as well as
internal consistency of STREAM have been evaluated. Two studies were carried oul, a
direct observation and a videotaped assessments reliabihty study, using sound scientific
methods, and appropriate statistical analysis.  These studies have provided a
considerable volume of information on the reliability of STREAM, and, although
relatively preliminary, the excellent results shown in these two studies are extremely
promising.

Surprisingly, only one of the other measures (the LaVigne Motor Assessment) was
evaluated in terms of internal consistency. This charactenstic is a desirabie quality for
an instrument that is comprised of a number of items and intended to measure a
particular concept. Moreover, this aspect of reliability can conveniently be obtained
using the same data used to obtain estimates of rater agreement, provided that the
subject's scores span the range of the instrument. And, the information obtaned
through internal consistency analysis can be used to support the appropriateness of the
content. The exceptionally high level of internal consistency of STREAM 15 not likely
to be outshone by other measures. It is expected that a study of the components of
STREAM will further substantiate the appropriateness of the content, although this
remains to be confirmed.

Several factors probably contributed to the very high estimates of reliability obtained
for STREAM. The potential effects of the somewhat controlled conditions have
already been elucidated. However, several characteristics of the STREAM, most
notably the simple scoring scheme and standardized testing instructions, are likely to
enhance its reliability, regardless of the testing conditions. In addition, the fact that the
reliability on STREAM was very good across the full scoring range, as shown by the
plots of paired ratings (Figure 4.4 for inter-rater agreement, Figure 4.5 for intra- and
inter-rater agreement), is a further positive attribute of STREAM. This 1s an important
quality for instruments intended to be used for evaluating patients with a wide range of
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motor capabilities, and it is not clear from the literature whether the other stroke motor
assessments demonstrated reliability across the scoring range.

5.4.6 Validity

Only two other instruments, the Fugl-Meyer and Chedoke assessments, have been
evaluated 1n terms of content, and these only in single relatively preliminary studies.
Furthermore, the methods used in the development and refinement of the other
measures of stroke motor function are only vaguely described in the literature (if
described at all), and unlikely to have matched the structured proes s, including the
consensus panecis and item reduction phases, that contributed to the refinement of
STREAM. In hght of the information available to date, the STREAM may well
surpass other measures in terms of support for content validity.

Few of the published instruments have been evaluated to any extent in terms of
criterion validity. The Fugi-Meyer is generally accepted as the standard to which other
measures are compared, as it has the largest body of evidence supporting its validity.
The Chedoke scale 1s also gawning acceptance as a valid measure of motor impairment
and disability for stroke. The extent to which STREAM compares to these related
measures, both in terms of current and predictive measurement, remains to be
evaluated. However, because the structure of STREAM 1s similar to the 'silver
standards’ available (1e. the Fugl-Meyer, and Chedoke assessments), if these
instruments are used as criterion measures in evaluating the reliability ot STREAM, a
relatively strong relationship is expected. Hopefully evidence related to this aspect of
STREAM's validity will be available in the near future, and will be further supported
by the relationship of STREAM scores with laboratory measures of motor function, or
global functional measures (1e. construct validity).

Construct validity relates to the extent to which the recovery of movement is being
measured by the instrument. The Fugi-Meyer scale is the only instrument for which
this psychometric property has been extensively studied, although a few early studies of
construct validity have been published on other measurcs. Evaluations of the
relationships between STREAM scores and otiier assumed indicators of motor recovery
need to be carned out to provide additional evidence about the STREAM's ability 1o
reflect the concept of motor recovery following stroke.
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5.4.7 Responsiveness
To date, no instrument has adequately met the needs of therapists at all of the levels of
stroke rehabilitation--which may explain the continued quest and 1dentified need for a
measure that will be acceptable for use across the full range of motor impairnents
ensuing stroke. Responsiveness to clinical change in motor function ts imperative for
an instrument intended to be used as an outcome measure for motor recovery in stroke.
Only the Fugl-Meyer and Chedoke assessments have been evaluated for responsiveness,
and only to a limited extent: ceiling effects have been identified as a problem common

to both measures, and their sensitiviiy to changes in the very low level patient have not
been evaluated.

Although the responsiveness of STREAM has not yet been formally evaluated, several
factors are likely to have favorably mfluenced this property. During the development
phase of STREAM, panel participants were selected to represent all phases of stroke
rehabilitation. These individuals were asked to take the probable responsiveness of
individual items to clinically important changes into consideration in deciding the merit
of each item. Thus, the feedback from therapists working with all range< of motor
functioning influenced the STREAM's development. As well, the vanability of scores
over the thirty items that make up the revised STREAM, with twenty of the items
scored on a three point, and ten items scored on a four point scale (for a total ot |(20 x

3)+(10 x 4)]= 100 score opttons), will allow ample opportunity for meaningful climcal
changes to be noted.

The distribution of scores on STREAM would mdicate that STREAM reflects
differences in motor status both within and between individuals, and therefore possesses
some degree of sensitivity. Patients in earlier stages of recovery generally received
lower STREAM scores than those evaluated at a later stage, and patients in acute care
and LTC facilities showed a tendency to score lower than individuals in in- or out-
patient rehabilitation programs. In addition, only those individuals who demonstrated
very near normal motor function received a perfect score on the STREAM, allowing
room for improvement to be noted even for very mgh functioming patient. Only
subjects that were essentially vegetative were likely to receive a total STREAM score
of zero, as some very low level items have been included (such as rolhng, shrugging
shoulders), and because scores of 'l' are given for partial movements. Hcnce, the
STREAM appears to span the spectrum of motor function well, with little evidence of
ceiling or floor effects. Feedback from therapists using STREAM to evaluate their
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patients over time also indicates that STREAM scores parallel the observed clinical
changes. Further study of this important measurement property has been initiated.

5.4.8 Overview of the comparison between STREAM and related measures
In summary, in all of the characteristics that are tmportant for an outcome measure for
the recovery of movement following stroke, the STREAM rivals other related
measures. That ts, it provides a considerable amount of highly internally consistent and
reliable information on the movement of individuals following stroke; it shows
promise of being a valid and responsive measure of motor recovery; and, it is
extremely straightforward to administer, requinng minimal time, and no special
equipment or training, thus, its clinical utility is excellent. In light of the above
features, in many ways the STREAM offers a considerable advantage over the related
measures.

5.5 Limitations

5.5.1 Limitations of this study

There were several limitations inherent to this study. Most notably, this study
represents only an initial evaluation of the reliability of STREAM. Before STREAM
can be advocated for use as an outcome rneasure for research in stroke rehabilitation,
further studies will be required to: 1) provide evidence in support of the construct and
criterion vahdities, and responsiveness of the measure to motor recovery, 2) investigate
the reliability of the instrument in alternate seitings such as acute care, extended care,
or outpatient rehabilitation programs, and 3) to further substantiate the excellence of the
reliability determined in this study.

Another potential limitation relates to the subject selection procedure, which was one of
convenience. Attempis were made, however, to select a broad and representative range
of a) patients with respect to severity and time since stroke, and b) therapists with
respect to training, experience, and background. The characteristics of subjects and
therapists are documented, and one can see that we did indeed include a wide range of
subjects and raters, that would typically be encountered in stroke rehabilitation settings.
Because the JRH admission criteria results in the exclusion of very mildly and very
severely impaired patients, however, our subjects may not be fully representative of all
stroke patients. Also, we were only allowed to recruit patients who were not involved
in another research study that was being carried out simultaneously at the JRH. Since
the patients that we recruited had generally been excluded from the other study due to
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comorbid conditions. such as cardiac, perceptual or communication problems, our
sample likely had a higher proportion of complications and comorbid conditions, and a
shightly lower average functional level than would have been the case had we not been
restricted in patient selection. Intwmtively, the effect of this selection bias might be a
more conservative rehiability estimate, assuming that extremely high or low level
patients are scored more eastly (and therefore more rehably). The fact that no 'mid-
range’ reduction in rehability was evident under the conditions of testing in this study
(see Figures 4.4 and 4.5), hcwever, would suggest that STREAM is reliably scored
regardle;ss of the functional level of the subject.

The testing procedures employed in the direct observation inter-rater rehiabiiity study,
where both ratings are made in the same testing session, in a quiet environment,
represent the ideal conditions for achieving ieliable scoring. as this ensures that
variapility in patient performance is not a contributor to measurement error.  This 15 1n
contrast to the real world situation, where therapists test patients separately, on
different occasions and under more vanable conditions. Sim:larly, using videotaped
assessments to estimate intra-rater reliabdity can only approximate the climcal
reliability of the instrument. Vidcotaped assessments inay be performed in a more
standardized fashion and under more controlled conditions than would hkely be found
on a day to day basis in a rehabilitation setting, where therapists are frequently
interrupted or distracted during assessment sessions. Rehabiiity estimates obiained
under these somewhat artificial conditions may represent 'optimal' reproducibility
rather than the 'real world' situation, and provide only a prehminary estimate, or an
estimate of maximal intra-rater reliability. Another drawback of using wvideotaped
assessments 1s that smaller movements, such as movements of the hand, may be
difficult to view ciearly. And, it may be difficult io rate how much assistance a paticnt
is actually being given. The generalizability of the results of this study to more
realistic situaticns needs to be determined.

Finally, our sample sizes were relatively small, however, they should be adequate for
preliminary study of the measurement properties. For the direct observation rehability
study, if agreement had not been achieved over twenty subjects, incrcasing the sample
size would not have further improved the agreement obtained. Cicchetti (1976)
suggests a minimal sample size requirement, when usinz weighted Kappa in assessing
the reliability of rating scales, of at least two times the square of the number of ordinal
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categories. That is, for three scale categories, a minimum of eighteen subjects are
required.

5.5.2 Limitations of the STREAM as a measure of motor recovery

The STREAM measures only one attribute of stroke (ie. motor recovery). For
treatment planming, STREAM should be used with measures of other important
attributes, such as spasticity, ROM, sensation, balance, and functional independence in
ADL. For example, instruments such as the Ashworth Scale of Spasticity (Ashworth,
1964), the Berg Balance {Berg et al, 1989) and the Barthel Index (Mahoney and
Barthel, 1965) could be used i comunction with the STREAM to obtain a detailed
profile of a patient's physical function.

Although the individual subscales on STREAM have demonstrated excellent internal
consistency and reliability, the STREAM was designed to be used as a global or
summary measure for the recovery of movement and mobility. Each subscale consists
of only ten items and, until the validities of the individual subscaies of STREAM are
determuned, the use of the subscales independently from the test as a whole cannot be
advocated.

5.6 Implications for Future Research on STREAM

The STREAM 1s now ready for clinical use, and for further testing of its psychometric
properties io support 1ts usefulness as a clinical research tool. The involvement of
stroke patients with varied chinical profiles in the reliability studies, has indicated that
the instrument's rebabiiity across a relatively diverse population is excellent. The
rehabihity 1n acute care, long term care, and out-patient settings, however, remains to
be tested. Further tests of reliability should be carried out in different clinical facilities
and settings, and under less controlled conditions than was the case n this study, in
order to show the generahzabihity of the STREAM's reliability across institutions,
patient populaticns, and testing conditions. Further measurement studies are also
required to evaluate criterion and construct validities, and longitudinal studies are
needed to assess the responsiveness of STREAM to change. And, ultimately, the
STREAM will need to be used in clinical trials and evaluated 1n terms of its efficiency
relative to other 1nstruments for discerning the effect of treatments on the recovery of
movement,
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. 5.7 Conclusions

Through the collaborative effort of our panels of physiotherapists, the STREAM has
undergone a thorough refinement of its content. Close attention has been paid to the
appropriateness of the items included, the scoring format, overall comprehensiveness
for measuring motor recovery, and chmcal utibty. The revised STREAM has
demonstrated excellent internal consistency, inter-rater, and intra-rater agreement, and
is now ready for preliminary use in chinical settings. It 1s anticipated that the simphaity
and overall clinical utility of the STREAM will facilitate the incorporation of this
instrument into the clinical setting for the routine objective measurement of motor
function. The findings of this study are encouraging, and suggest that STREAM
warrants further testing of its measurement properties to determine its usefulness as an
outcome measure. Contingent on similarly favorable results from further studies of the
measurement properties, STREAM may become a key measure of the recovery of
voluntary movement and basic mobility and thereby contribute to our understanding of

the evolution of motor recovery following stroke.
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APPENDIX 1
The Original STREAM

STroke REhabilitation Assessment of Movement
(STREAM)

The Steps to Recovery

General Instructions for Using the STREAM Assessment

The patient should be in hi</iier usual state of attention and health.

Instructions should be explained, demonstrated and repeated 1o the patient as necessary.
Therapists may use their judgement as to the order in which the items are tested.

If necessary, the patient is permitted two attempts on each item.

Patients may be given verbal encouragement and reassurance.

If the assessment must be interrupted for any reason then it may be restarted from where it
was left off (within a 24 hour period)

The following equipment should be on hand:

- armless chair of standard height or plinth
- stairs
- small towel.

Unless otherwise stated the starting position is sitting on a straight armless chair (or plinth)
with feet flat on the floor and the affected hand is placed in the lap.

The items evaluating the upper extremity, lower extremity and sitting balance are scored:

0 if the patient is unable to carry out the activity
1 if the patient is abie to carry out the activity

The items evaluating standing balance and walking are scored:

0 if the patient is unable to carry out the activity
1 if the patient is able to carry out the activity with assistance of another person
(with or without an aid)
2 is able to carry out the activity with the help of an aid or if holding on to a rigid support
3 is abie to carry out the activity independently and safely without the help of an aid.
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Instructions for Use of STREAM

Upper Extremity

1.

Affected hand touches ipsilatera) ear

1 elbow must be abducted from the side of the body by at least 45° and the patient must keep
the head and trunk in the midline

Affected hand touches sacrum

1 patient must be able to carry out the activity without bending the trunk

Raises affected arm to forward-horizontal flexion

1 range of permissible ervoris + 20° ie shovlder flexion can range from 70°-1109, deviation in
the honzontal plane can range from 20° adduction to 20° abduction, and the elbow must not be
flexed more than 20°

Raises affected arm to lateral-horizontal flexion

1 range of permissible error s + 20° je abduction can range from 70°-110°, and the elbow
must not be flexed more than 20°.

Raises affected arm to full forward flexion

1 the (a)gm must be raised above the horizontal position and the elbow must not be flexed more
than 2

Supination and pronation with elbow flexed to 900

1 movement must occur through more than 1/3 of available range and the elbow must remain
tuckead 1n at the side of the body

Actively closes the affected hand
1 active movement of the fingers must be observed
Actively opens the affected hand
1 active movement of the fingers must be observed

Touches each fingertip to thumb of affected hand




Lower Exiremity

10. Flexes hip and knee while lying supine

11.

12.

13.

14.

15.

1 active movement through at least 1/3 of available range {heel does not have to leave the
surface)

Actively extends affected knee while sitting

1 patient must be able to carry out the activity without leaning back or extending the hip, active
movement must occur through 2/3 of available range

Active dorsiflexion of affecied ankle while sitting
1 the ball of the fcot must be lifted and the heel must remaun on the floor
Active dorsiflexion of affected ankle with knee extension while standing

1 the ball of the foot must be lifted, the knee must not flex more than 10° and the
heel must remain on the floor

Flexion of affected knee with hup extension while standing

1 hip must remain in the neutra] position (less than 10° flexion) and knee must be flexed
beyond 45°

Abduction of affected hip with knee extension while standing
1 active movement must occur through at least 1/3 of available range,

hip must remain 1n the neutral position (les= than 10° flexion) and the
knee rnust retain near full extension (less tt.2n 10% flexion)

Sitting Balance

16.
17.

18.

19.

Maintains crect situng position for one minute
Maintains situng balance while raising folded arms to forehead

1 arms are folded across chest, the unaffected arm supporting the affected arm,
pstient raises forearms te touch forehead without bending the head forward

Maintains sitting balance while moving folded arms side to side
1 amms are folded across chest, the unaffected arm supporting the affected arm,
with the arms raised to clear chest, the patient moves arms from side to side while

maintaining the head facing forward, at each movement the elbow approaches the mid-line

Bends forward to touch floor with unaffected hand and retums to the sitting position.
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Standing and Walking
Note - for items 20 to 34 assign:
0 if the patient is unable to carry ocut the activity
1 if the patient is able to carry out the activity with assistance of another person
(with or without an aid)
2 is able to carry out the activity with the help of an aid or if holding on to a rigid support
3 is able to carry out the activily independently and safely without the help of an aid.
20. Rises to standing from sitling
21. Maintains standing for one minuie
22 Slides unaffected leg 12" forwards then backwards

1,2,3activity must be accomplished in one smooth movement, to reduce friction a small
towel may be placed under the foot

23. Lifts unaffected foot off the ground
1,2,3the whole foot must leave the ground at least momentarily
24. Tumns 900 to unaffected side
25. Tums 900 to affected side
26. Takes 3 steps forwards

1,2,30ne step is accomplished by advancing one foot and bringing the other foot to meet the
first

27. Takes 3 steps backwards

1,2,30ne step is accomplished by moving one foot back and bringing the other foot to meet the
first

28. Takes 3 steps sideways to unaffected side

1,2,30ne step is accomplished by moving one foot and bringing the other foot to meet the first

29. Takes 3 steps sideways to affected side

1,2,30ne step is accomplished by moving one foot and bringing the other foot to meet the first




30. Walks 25°
1,2,3walks on a smooth obstacle free surface
31. Walks up 3 stairs without alternating feet

1,2,3the two feet are on the same step together
Note use of the handrsil counts as using an aid (score 2)

32. Walks down 3 stairs without aiternating feet

1,2,3the two feet are on the same step together
Note use of the handrail counts as using an aid (score 2)

33. Walks up 3 stairs alternating feet

1,2,3the two feet are never on the same step together
Note use of the handrail counts as using an aid {score 2)

34. Walks down 3 stairs alternating feet

1,2,3the two feet are never on the same step together
Note use of the handrail counts as using an aid (score 2)
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APPENDIX 2

Documents from
The Content Verification Survey




CONTENT VERIFICATION SURVEY
Dear colleague:

We are in the process of developing an instrument to assess motor funchiomng of stroke
patients, the STroke REhabilitation Assessment of Movement (STREAM). This is a
collaborative effort between Dr. Nancy Mayo, Director of Research at the Jewish
Rehabilitation Hospital in Montreal, Dr. Sharon Wood-Dauphinee, Director School of
Physical and Occupational Therapy McGill University, and myself, Kathy Daley BSc PT,
masters student in Rehabilitation Science at McGill University. As a thesis project I will be
evaluating the measurement propertnes of STREAM (ie. the reliability, validity, and
responsiveness) in order to assess STREAM's potennial for use as an outcome measure for
stroke rehabilitation, The first step in this project is to verify the content of the scale, and for
this task your expertise is needed.

Background of STREAM:

STREAM has been designed to be used by physiotherapists to monitor patients' motor
function over time, and for evaluating the effectiveness of physiotherapy interventions in
stroke rehabilitation. The items which make up the STREAM cover a wide range of
movement paiterns that are typically assessed by physiotherapists during rehabilitation
following stroke. The items have been adapted from several existing assessment scales for
motor function, and from the clinical experience of the scale developers. STREAM differs
from existing motor assessments in that it covers a wide scope of motor components of interest
to physiotherapists, yet is brief and easy to administer and score. The scoring of STREAM is
intended to be objective so that a high reliability or reproducibility of scores can be achieved.

The scale is designed for the evaluation of stroke patients with motor deficits ranging from
mild to severe.

This survey is intended to elicit feedback from physiotherapists who have experience
working with stroke patients. Your opinions regarding the potential usefulness of this
measurement instrument will be greatly appreciated and will facibtate the process of scale

development. Please feel free to include any suggestions as to modifications or refinements
which may improve the STREAM.

A copy of STREAM and iustructions for use are enclosed and should be read prior to
completing the survey regarding the countents of STREAM

Thank you in advance for taking the tinre to complete this brief survey and for your
input!




1 crucial
2 very important
3 moderately important
4 neither important nor unimportant
5 unimportant
Upper Extremity
Affected hand touches ipsilateralear 1 2 3 4
2. Affected hand touches sacrum 12
3. Raises affected arm to forward- 1 2
horizontal flexion
4. Raises affected arm to lateral- 1 2
horizontal flexion
5. Raises affected arm to full forward 12
flexion
6. Supination and pronation 1 2
7. Actively closes the affected hand 1 2
8. Aclively opens the affected hand 12
9. Touches each fingertip to thumb of 12
affected hand
Lower Extremity
10. Flexes hip and knee while lying supine 1 2
11. Extends affected knee while sitting 1 2
12. Dorsiflexion of affected ankle in sitting 1 2
13. Dorsiflexion of affected ankle with 12
knee extension while standing
14. Flexion of affected knee with hip 12
extension while standing
15. Abduction of affected hip withknee 1 2

STroke REhabilitation Assessment of Movement

STREAM: The Steps to Recovery

Please rate each items as to its importance using the following key:

extension while standing

Rating

2

3

4

4

Comments
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Sitting Balance

16.
17.

18.

19,

Maintains sitting position 1 minute. 1
Maintains sitting balance raising 1
folded arms to forehead

Maintains sitting balance moving 1
folded arms side to side

Bends forward tc touch floor with 1
unaffected hand and returns to sitting

Standing Balance

20.
2L
22,

Rises to standing from sitting 1
Maintains standing for one minute 1

Slides unaffected leg 12" forwards 1
then backwards

23. Lifts unaffected foot 1

Walking

24, Turns 900 to unaffected side 1

25. Turns 900 to affected side 1

26. Takes 3 steps forwards 1

27. Takes 3 steps backwards 1

28. Takes 3 steps sideways to 1
unaffected side

29. Takes 3 sicps sideways to 1
affected side

30. Walks 25’ 1

31. Walks up 3 stairs without 1
alternating feet

32. Walks down 3 stairs without 1
alternating feet

33. Walks up 3 stairs aiternating feet 1

34.

Walks down 3 stairs alternating 1
feet
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Please answer the following by placing a checkmark in the appropriate space provided and add
your comments where requested (THANK YOU!):

Therapist prolile .
A) Number of stroke patients assessed in the past year: <10 ___  10-30_ >30___
B) Years of experience working with stroke patients: <lyr__ 1-5___ >S5yr___

C) Current service area:
i) staff therapist___  senior____ clinical specialist___  other

ii) acute___ rehabilitation___ long-term care___ private practice___ out-patient____
day-hospital__ home-care___ other
iii) general (mixed caseload)__  mixed neuro ___ stroke service__  other

D) Name of facility employed at:

COMMENTS on STREAM

1) Considered collectively, is the total group of items adequate to evaluate the motor function
of stroke patients? Yes  No___

If not, what would you add?

2) Is each item clear and easy to understand? Yes__ No

List items with problems (by number--please comment on problem)

3) Is the scoring (able / unable for limbs and sitting balance; 4 point scale for standing items
depending on degree of assistance required) appropriate? Yes__ No___
If no, how might the scoring be improved?




4) Do you agree that this scale will show differences in motor function.among persons
undergoing physiotherapy interventions following stroke?
Agree strongly  Agree_ Disagree__ Disagree strongly

5) Would you use this scale in your clinical practice to evaluate patient outcome (following
evaluation of reliability and validity of the scale) ? Yes No

If not, why not?

6) Are there any other comments you would like to make regarding STREAM?

THANK YOU ONCE AGAIN FOR YOUR TIME AND INPUT!

Please return to:  Attn: Kathy Daley (Masters student)
School of P&OT, McGill University
3654 Drummond Street
Montreal, Que. H3G 1Y5
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APPENDIX 3.1.1
Cover Letter to Panel One Participants

Research Department, Jewish Rehabilitation Hospital
3205 Place Alton Goldbloom
Chomedy, Laval, QGue. H7V IR2
February 13, 1993

Dear colleague:

We are in the process of developing and evaluating an insirument to assess the motor
function of stroke patients, the STroke REhabilitation Assessment of Movement
(STREAM). This is a collaborative effort between Dr. Nancy Mayo, Epidemiologist at the
Jewish Rehabilitation Hospital in Montreal, Dr. Sharon Wood-Dauphinee, Associate Dean
School of Physical and Occupational Therapy McGill University, and Kathy Daley BSc PT,
masters student in Rehabilitation Science at McGill University.

We are recruiting experienced therapists from the Montreal area to participate in a
concensus group to refine the STREAM. We are asking for your assistance in identifying
potential participants. Each participant will be asked to review the STREAM, and to attend
one meeting (to be held on an evening in early February). For this effort each participant will
receive a small honorarium.

We have enclosed some information on the background of STREAM, and information
for potential concensus group participants. Could you please bring this project to the attention
of your staff, and ask any interested people to contact Susie Rosenmeier at the Research
Department of the Jewish Rehabilitation Hospital. If you need any further information, please
don't hesitate to call.

Thank you for your assistance on this project !

Attn: Susie Kosenmeier,
Research Department,
Jewish Rehabilitation Hospital
688-9550, ext (437)




BACKGROUND OF STREAM

The STroke REhabilitation Assessment of Movement (STREAM), developed in 1986 at the
Jewish Rehabilitation Hospital (JRH), was designed to be used by physiotherapists to monitor patients'
motor function over time, and for evaluating the effectiveness of physiotherapy interventions in stroke
rehabilitation. The 1tems which make up the STREAM were contnbuted by physical and occupational
therapists and members of the research department, and cover a wide range of movement patterns that
are typically assessed by physiotherapists during rchabil:tation following stroke. The items were
adapted either from the clinical experience of the scale developers or from existing published
assessments (Bobath, 1978; Brunnstrom, 1970). STREAM was designed to be a relatively
comprehensive assessment of motor function suitable for evaluating stroke patients with motor deficits
ranging from miid to severe. It includes a total of 34 items (of graded difficulty) assessing upper and
lower imb movement patterns, basic mobility, and balance. The 15 :tems assessing hmb movement
patterns (6 for the lower extremity and 9 for the upper extremity) and 4 items performed 1n sitting are
scored on a two point ordinal scale (able/unable); 6 items performed 1n standing and 9 mobility items
are scored on a four point ordinal scale ranging from Q:unable to 3:independent without aids or
assistance. The sconng of STREAM is intended to be objective so that a high rehability or
reproducibility of scores can be achieved; 1t is also bnef and easy to administer. The scale has been
piloted for clinical utihty at the JRH for a number of years and has proven chnically acceptable.

INFORMATION FOR POTENTIAL CONCENSUS GROUP PARTICIPANTS

We are evaluating the content validity of STREAM, and are recruiting expenenced therapists
(from all phases of stroke rehabilitation, with a minimum of one year ui experience working with
stroke patients) to participate in a concensus group to refine the STREAM. Through the suggestions
made by the group, we hope to achieve concensus on the changes that should be made, and to develop
an instrument that is useful to physical therapists for measuring motor function following stroke.
Your participation would tnvolve the following

1)  we would ask you to review the STREAM (prior to the meeting) and think about changes you
would make to improve the instrument (additions, deletions, clanfications, and scoring of items), and

2) we would ask you to attend a meeting (of approximate 3 hours duration, to be held on an evening
in carly February) to discuss changes that should be made to refine the STREAM. At this meeting
you will be shown a vidcotaped patient assessment on STREAM, to further fanmilianze you with the
instrument, prior to the discussion.

For your participation, you would recetve a small honorarium. Refreshments will be provided on the
evening of the "think tank”.

If you would be interested in participating, please contact: Susie Rosenmeier,
Research Department, JRH
688-9550, ext 437




APPENDIX 3.1.2

Please use this form to list the changes that you would reconimend to improve the STREAM, in terms ot
item additions, deletions, modifications, clarifications, and scoring  Your hist should be compiled prior to the meeting,
50 that we can discuss the ideas av a group  You may include av many or as few ideas or details as you feel are
important We welcome any suggestions that will further improve the STREAM, and meake it an instrument that will be
widely accepted for use in chinical practice and i research

SUGGESTED CHANGES to STREAM

(use other side f additional space required)




APPENDIX 3.2.1
Cover Le ..t to Panel Two Participants

Dcar concensus panel participant:

Thank you for agreeing to participate in this project! We are 1n the process of developing
and evaluating an instrument to assess the motor function of stroke patients, the STroke
REhabilitation Assessment of Movement (STREAM). This 1s a collaborative effort between Dr.
Nancy Mayo, Epidemiologist at the Jewish Rehabihitation Hospital in Laval, Dr. Sharon Wood-
Dauphinee, Assoctate Dean School of Physical and Occupational Therapy McGill Umversity, and
Kathy Daley BSc PT, masters student in Rehabilitation Science at McGill University. We are
evaluating the content validity of STREAM, and are recruiting expenenced therapists (from ali
. phases of stroke rehabiiitation, with a minimum of one year of eapernience working with stroke
patients) to participate 1n a concensus group (the second 1n a series of panels) to refine the
STREAM. Through the suggestions made by the group, we hope to achieve concensus on the
changes that should be made and to develop an instrument that 1s useful to physical therapists for
measunng motor function following stroke. You were recommended to us by members of the first
panel due to your expenence and expertise working with stroke patients.  Your participation would
involve the following:

1) we would ask you to review the STREAM and think about changes you would make to improve
the instrument (additions, deletions, clanfications, and scoring of items), and

2) we would ask you to attend a meeting (of approximate 3 hours duration) to discuss changes that
should be made to refine the STREAM. At this meeting you will be shown a videotaped patient
assessment on STREAM, to further familianize you with the instrument, prior to the discussion.

For your paricipation, you would receive a small honorarium. Refreshments will be provided on
the evening of the "think tank”.

To famihanze yourself with the STREAM you might consider assessing a few patients using
STREAM As you review the STREAM, make note of any changes that you would recommend to
further improve the STREAM (on the form provided). We have enclosed:

a) abnef description of the purpose and scope of STREAM
b) acopy of STREAM

¢) aform for you to wnte your suggestions on (please bnng this to the meeting)
d) ameeting agenda

If you have any quesuons. please don't hestate to call (questions should be directed to Susie
Rosenmeier, Research Department, Jewish Rehabilitation Hospital, 688-9550, ext 437).

We lock forward to seeing you on March 25th !

Note: Please confirm your 1ntention to participate by contacting Suste. Thank you!




APPENDIX 3.2.2
First Revision of Stream

STroke REhabilitation Assessment of Movemient (STREAM)
Genceral Instructions for Using the STREAM

1. The patient should be in his/her usual state of attention and health

2. The patient should be dressed 1n clothing that does not restrict movement, and that allows the therapisi to
observe the movement clearly (eg. shorts and T-shirt). Comfortable walking shoes for the patients usual
footwear) should be worn when testing the activities performed 1n standing.

3. 1Instructions (1alicizd) should be given, demonstrated and repeated to the patient as necessary  For the
items testing voluntary movement of the limbs, ask the patient to perform the movement one ume with
unaffected side (1o observe the available range and normal movement pattern, as well as the pauent's
comprehension of the test 1tem). When necessary, therapists may assist the patient to maintain standing to
allow the performance of movements of the unaffected lower extremity that require weightbeanng through the
affected hmb (lower extremity items #5-7).

4. Patients may be given verbal encouragement and reassurance.

5. Therapists may assist the panent to achieve the starting positions specified, however, dunng the testing of
each individual 1tem no support (except as stated above) or physical assist should be provided

6. If necessary, the patient is permitted three attempts on each item and the best performance recorded.
7. Therapists may use their judgement as to the order in which the items are tested.

8. If the assessment must be interrupted for any reason, i1t may be restarted from where it was left off 1f done
so within a 24 hour penod.

9. The following equipment should be on hand:

-sturdy stool (or treatment plinth or armless chair) of a height such that patient can sit comfortably on a

firm support with feet resting on the floor or on a small foot stool, with the hips and knees at 90°

-support surface (firm, large enough to permit rolling safely, and raised approximately 1/2 meter off the
ground); if using the patient's bed, it must be fully flat with encumbenng bedding removed; alternatively, a
large treatment plinth (raised mat) may be used

-pillow

-stairs with railings (departmental steps or full fhight: standard height approximately 18 cm)

10. The item should be excluded (and test scored out of 100) 1if movement is hmited due to marked restnction
of passive range or due to pain.
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I. YOLUNTARY MOVEMENT OF THE LIMBS

Scoring: 0 unable to perform the tcst movement through any visible range (includes flicker)

1 able to perform partial range of movement, but requires assistance, stabilization or support to
complete gt performs full movement with marked deviation from normal pattern

2 completes the movement in a manner that is comparable to the unaffected side

X activity not tested (specify why)

UPPER EXTREMITY

Starting position for items 1-12: sitting on support surface with feet flat ¢ the floor (or on a small foot

stool) with hips and knees at 90°, and with both hands resting on a pillow placed on the patient's lap with
palms down.

I. SHRUGS SHOULDERS (SCAPULAR ELEVATION)
"Shrug your shoulders as high as you can”

2. RAISES HAND TO TOUCH FOREHEAD
"Raise your hand to touch your forchead”

3. PLACES HAND ON SACRUM
"Reach behind your back and as far across toward the other side as you can”

4. RAISES ARM FORWARD TO 90° OF FORWARD FLEXION
"Reach your arm siraight out in front of you to horizonial”

5. RAISES ARM OVERHEAD TO FULLEST ELEVATION
"Reach your hand as hiph as you can over your head, keeping your elbow straigat”

6. RAISES ARM SIDEWAYS TO 90" OF ABDUCTION
"Lift your arm sideways to horizontal, kecping your elbow straight”

7. SUPINATES AND PRONATES FOREARM WITH ELBOW FLEXED AT 90°
"Keep your elbow bent and close to your side. Turn your forearm over so that
your palm faces up, then turn your forearm over so that your palm faces down”

8. CLOSES HAND FROM FULL'Y OPENED POSITION
"Make a fist, keeping your thumh on the outside”
(Note: Must extend wrist to obtain full marks.)

9. OPENS HAND FROM FULLY CLOSED POSITION
"Now open your hand all the way"
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10. EXTENDS WRIST AND FINGERS
“Lift your hand and straighten your fingers”

11. OPPOSES THUMB TO INDEX FINGER (up to tip)
"Make a circle with your thumb and index finger”

12. OPPOSES THUMB TO LITTLE FINGER (tip to tip)
"Make a circle with your thumb and little finger”

LOWER EXTREMITY

SUPINE

1. FLEXES HIP AND KNEE IN SUPINE SC THAT FOOT IS FLAT ON BED
(ATTAINS HALF-CROOKLYING POSITION)
"Bend your hip and knee so that your foot rests flat on the bed”

SITTING: feet flat on the floor (or supported on a small foot stool); hips and knees at 90°
2. FLEXES HIP IN SITTING

"Lift your knee as high as you can”

3. EXTENDS KNEE IN SITTING
“Straighten your knee by lifing your foot up”

4. DORSIFLEXES ANKLE IN SITTING
"Keep your heel on the ground and Iift your toes off the floor as far as you can”

STANDING: holding onto a stable support (to assist balance) for items 5-7
5. ABDUCTS AFFECTED HIF WITH KNEE EXTENDED IN STANDING
"Keep your knee straight and your hips level, and raise your leg to the side”

6. FLEXES AFFECTED KNEE WITH HIP EXTENDED IN STANDING
"Keep your hip straight and bead your knee back, bringing your heel towards your bottom™

7. DORSIFI EXES AFFECTED ANKLE IN STANDING WITH KNEE EXTENDED
"Keep your heel on the ground and Iift your toes off the floor as far as you can”
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1. BASIC MOBILITY

Scoring: 0 unable to perform the test movement
1 able to perform part of the movement actively, but requires supervision or assistance
from an aid or an individual to complete gr performs any or all of the movement with marked
deviation from normal

2 completes the movement independently and safely

X activity not tested (specify why)

CROOKLYING

1. RAISES HIPS OFF BED IN LYING WITH KNEES BENT (BRIDGING)
"Lsfi your hips as high as you can”
Note: May be assisted to attain starting position (crooklying)

SUPINE
2. ROLLS TOWARDS AFFECTED SIDE
"Roll onto your weak side”

Nete: Must achieve full side lying (pelvis perpendicular to the bed)

3. ROLLS TOWARDS UNAFFECTED SIDE
"Roll onto your strong side*

Note: Must achieve full side lying (pelvis perpendicular to the bed)

4. MOVES FROM LYING SUPINE TO SITTING UPRIGHT WITH FEET ON THE FLOOR
(to erther side; any functional and safe method)
“Sit up and place your feet on the floor”

SITTING

5. REACHES FORWARD TO TOUCH UNAFFECTED FOOT WITH UNAFFECTED HAND AND
RETURNS TO SITTING

"With your strong hand. reach down and touch your foot on the same side ™

6. RISES TO STANDING FROM SITTING
"Stand up, try to take equal weight on both legs”
Note: May push up with hand(s)

STANDING AND WALKING
7. TAKES 3 STEPS FQRWARDS
(Placing one foot in front of the other)
"Take three aver. e sized steps forwards, placing one foot in front of the other”

8. TAKES 3 STEPS BACKWARDS
(Placing one foot behind the other)

"Take ihree average sized steps backwards, placing one foot behind the other”




.

9. TAKES 3 STEPS SIDEWAYS TO UNAFFECTED SIDE

(Steps must be at least 25 crn wide)
"Take three average sized steps towards your strong side”

10. TAKES 3 STEPS SIDEWAYS TO AFFECTED SIDE

1.

13.

14.

15.

(Steps must be at least 25 cm wide)
"Take three average sized steps towards your weak side”

MOVES FEET TO TURN BODY 90° TOWARDS UNAFFECTED SIDE
*Take steps to turn on the spot towards your strong side ™

MOVES FEET TO TURN BODY 90° TOWARDS AFFECTED SIDE
"Take steps to turn on the spot towards your weak side "

WALKS 10 METERS INDOORS, ON A SMOOTH OBSTACLE FREE SURFACE
(WITHIN 20 SECONDS)

"Walk in a straight line over (o ... (a specified point 10 meters away) "
Note: use of an orthotic counts as using an aid (score 1}

WALKS UP 3 STAIRS ALTERNATING FEET
*Walk up three stairs; place only one foot at a time on each step if you can™
Note: use of the handrail counts as using an aid (score 1)

WALKS DOWN 3 STAIRS ALTERNATING FEET
"Walk down three stairs; place only one foot at a time on each step if you can”
Note: use of the handrail counts as using an aid (score i)

139
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APPENDIX 3.2.3
Intent and Scope of Stream

TROKFE, REHABILITATION ASSESSMENT OF MOVEMENT (STREAM)

7

|

BACKGROUND OF STREAM

The Stroke Rehabilitaton Assessment of Movement (STREAM) was developed in 1986 al the
Jewish Rehabilitaton Hospital (JRH), Chotnedy-Laval. Quebec, The utems included i the
original STREAM were contnbuted by physical and occupational therapists and members of
the research departiment:  the items were adapted trom chmecal expenence and from existing
. published assessments (Bobath, 1978: Brunnstrom. 1970). The scale has been piloted for

chimcal utistv at the JRH for 4 number of vears aud has proven climeally acceplable.

INTENDED PURPOSE & SCOPE

The purpose of the STREAM 1s to provide a siandardized. objective and quantitative
assessment for measunng the motor recovery of stroke patients. It was designed to be used by
physiotherapists for monitoring motor recovecy, and for evaluating the impact of
therapeutic interventions (such as physicai therapy. medical and  pharmacologic
mterventio: », etc.) on the motor recovery of stroke patients.

The STREAM 1s intended for use as an outcome measure (for evaluating treatment
outcomes), and for momtonng motor umprovement-- as opposed lo being an assessinent tool
for diagnosts and treatment planming. This 1 an important point. because the intended purpose
of the instrument influences what items must be included and the amount of detail required.
Although STREAM 15 not intended for planning treatment strategies, 1f used o wsolaton, 1t
mav be used w comunction with measures of spasticity. ROM, sensation. balance. functional
independence in ADL. etc. to obtain a detailed objectuve profile of a patent’s physical
function.

In the present form of the STREAM, the items included cover a wide range of motor activiues
that are typically assessed by physiotherapists for the purpose of evaluating the motor status of
stroke patients.  STREAM was designed to be a relatvely comprehensive assessment, suitable
for evaluating stroke patients with motor deficits ranging from muld to severe. The test items
represent yradanons of difficulty. to allow discnmination between patients with differing levels
of motor impairment, and to monitor an individual’'s motor recovery over tume. The items
currently included in the instrument assess upper and lower limb movement patterns and
basic mobility. The items assessing himb movement patterns are intended to provide a profile
ot basic motor status (motor recovery in the hmbs); the remaining items should give a more
functional picture of motor recovery, assessing simple motor tasks which require the integrated




movement of trunk and himbs. To date. the items included 1n the STREAM have been hmited
to sumple movements 1n an attempt to minimize the potential confounding effects that vanables

other than motor recovery, such as cognition/percepuon and communication, have on the
measuremeni of motor status.

The STREAM currentlv includes a total of 34 items, with 19 items assessing himb movement
patterns (7 for the lower extremity and 12 for the upper extremity) and IS5 items assessing
basic mobility. A simple three point ordinal scoring system 1s employed: a patient is scored 0
it unable to perform the test movement, 1 if a movement can be partially completed but
assistance or supervision 1s required or if the movement 1s performed with marked deviation
from a normal pattern :as compared to unatfected imb where possibler, and 2 1f able to
complete the movement in a manner that i1s qualuauvely and quanutativelv near normal (see
scale for specific sconng direcnves). The sconng ot STREAM 1s designed to be objecthive and
quantitanve so that a high rehability or reproducibihity of scores should be achievable.
STREAM 1s also brief (10-15 minutes) and easy to acmunister.

CONCEPTUAL FRAMEWORK

In devising a clinical instrument to measure motor recovery, a number of aspects must be
considered, such as: the domains to be included, the methods by which these are assessed, and
the uses and populations for which the measure is appropnate. Thus, motor recovery must be
operationally and conceptually defined. However, given the complexity of motor performance
in terms of the namber of factors that potenually influence motor recovery and the functional
performance of stroke patents. defining and measunng this phenomenon is a challenge. What
the STREAM endeavors to measure has been referred to by a vanety of terms, including:
motor recovery, motor abulity. motor function, functional motor recovery, motor performance.
motor control, metricity, and motor output. Unfortunately, many of these terms are not well
defined and may 1mply radically different concepts to different people. We decided to call the
concept measured by the STREAM "voluntary movement and basic mobility”, and the
following conceptual tramework was developed.

Motor recovery implicaies a number of neurophysiologic processes (at the cellular or
histochemical level), and a multitude of contnbuting factors such as: the size and side of the
lesion, age, comorbid conditions, mouvation, communication, cognition, and secondary
impairments like contractures or oedema. It 1s very difficult to separate out the influences that
these various processes and factors have on motor recovery, however, fundamentally, motor
recovery 1s manifested by the re-emergence of voluntary movement and basic mobility-- that
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ts. what we observe as a result of motor recovery is tmprovement 1n a patient’s abulity to
move. The STREAM s intended to measure these fundamental building blocks that reflect
motor recovery, and that can be easily measured in the chinical setting.

In the context of physical rehabilitation following stroke (using the terminology of the World
Health Organizations International Classification of [mpairments, Disabiliues, and Handicaps),
impairments refer to the actual deficits observed (1e. the signs and symptoms, such as paresis,
sensory deficits and abnormal tone which contribute 10, or cause. motor dystunction). whereas
disability refers to the functional consequences of the imparrment (such as reduced ability to
pertorm purposeful movements. transiers. walking. ana acuviues or daiv living). The
STREAM talls into the category of disabiiity assessments: 1i 1s reiated hierarchicaily to other
disability measures 1n that 1t measures basic motor aisability-- one step bevond the level ot the
primary impairments. and one siep before functionar mobuity and ADL measures.

EXPECTED CONTRIBUTIONS

The STREAM should: 1) streamline and standardize the routine objective documentation of
motor recovery, 2) facilitate communication between and within clinical and research
settings, and 3) provide a useful outcome measure for evaluating the impact of interventions
on motor recovery. By keeping the scoring simple, and the instrument as concise as possible,
and by involving many therapists in the various stages of development and testing, we hope to
develop an instrument that will be userul to clinicians & that will be incorporated into routine
clinical practice to 1mprove the efficiency of our information gathenng. By carefully
developing the content of STREAM. and by testing the reliabthty. validity and responsiveness
of the measure, we hope to develop a tool specifically suited for evaluatng the efficacy of
therapeutic interventions in terms of their influences on the recovery of voluntary movement
and basic mobihty.




APPENDIX 3.24
Scoring Questionnaire

Please consider these four scoring options and indlcate (helow) the scoring that you prefer.

OPTION A

I. VOLUNTARY MOVEMENT OF TIIE LINBS
0 unable to perform the test movement theough kny vitble range (tncludes flicker)
1 able to perform partial range of movenient, but requires assistance, stalnlization ue suppunt o complete or
performs full movement with marked deviatlon from normal pattem
2 completes the movement 1n a manner that 15 comparablz to the unaffected alde
X actvity not tested (specity why)
1, BASIC MOBILITY
0 wunable to perform the test movement
1 uble to perform part of the movement uclively, but requires supervision or usslstance feom an uid ar an Indlvidaut
to complete pr performs any or sl of the movement with marked deviation from norml
2 completes the movement independently and safely
X actinty not lested (specify why)

OPTION B (4 point scale)

1. VOLUNTARY MOVEMENT OF THE LIMB3
0 unahle to pedform the test mavement theough any visible range (includes flicher)
1 uble to perform purtlal range of 1ovement, but requires assistance, stabthzation or suppunt s complete
2 performs full movement, but with murked deviatlon from normal pattern
3 completes the movement 1n & n enner that 1s comparable to the unaffected side
X activity not tested (spectfy why)
1. BASIC MOBILITY
0 unabhle to perform the lest movement

1 uhleto perform part of the mavement schively, but requires supervision or ussiiance Gom un uld or an individun!
to cnmplete

performs any or all of the movemeat, but with murked deviation from normul puttery

completes the movement independently und safely

X activily not tested (specif why)

wN

OPTION C (reversal of caregories 1 & 2)

{. VOLUNTARY MOVEMENT OF THE LIMBS
0 unahle to perform the test movement through any visible range (includes flicker)
1 perdorms full mavement, but with marked devintion fram normal pattem

2 ahle to perform partial range of movemnent with normal pattem, but teginres amistance, Habitizabon or spport W
complete

3 completes the movement wn a manner that 1s compurable to the unafTected side
X actmty not tested (spectly why)
1. BASIC MOBILITY
0 unuble 1o perform the test movement
1 performs any or all of the mavement, hut with marked deviation fromi normal pat(ern

2 ubhle to perform part of the movement actively, but requites superviston or wsbtisnce fiom sn uld or an individual
to complete

3 completes the movement independently and safely
X actinty not tested (specify why)

OPTICN D (any other suitable scoring scheme you would recoinmend or suggest)

Please indicate the scoring option that you prefer (gircle choice), and feel free to wild any comments as
to the reasons for your choice:

l A | B | C 1
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APPENDIX 3.2.5
Rating Form

Please rate each of the suggested modifications iisted as to importance using the following key:

1 essential; 2 very important; 3 moderately important; 4 neither important nor unimportant; 5 net necessary.

Suggestion # Rating
1 123458
2 12345
3 12345
4 123435
5 123435
6 12343
7 123435
8 12345
9 12345
10 12345
11 12345
12 12345
13 12345
14 12345
15 12345
16 12345
17 12345
18 12345
19 12345
20 12345
21 12345
22 12345
23 12345
24 12345
25 12345
26 12345
27 12345
28 12345
29 12345
30 12345
31 12345
32 12345
KX ¢ 123485
34 12345
35 12345
36 12345
Ky} 12345
38 12345
39 12345
40 12345




APPENDIX 3.2.6
Follow-Up Scoring Questionnaire

Thank you, once again, for your participation on this project of refining the STroke REhabilitation
Assessment of Movement (STREAM)!  We would appreciate additional wnput from you te confirm the
appropriateness of the revised sconng of the STREAM.

Rationale For Revised Scoring: We wanted the scoring to be as simple as possible, in order to facilitate test
admimstration and to optimize rehability. We wanted the sconng to reflect the return of voluntary
movement; the level of independence and the general quality of movement should also be reflected.  Also,
keep in mind that the STREAM is intended to be used as an outcome measure (1e. concise, rehable...).

1. VOLUNTARY MOVEMENT OF THE LIMBS
Sample Items: raises hand to touch top of head: extends knee 1n sithing; dorsiflexes ankle 1n sitting...

Scoriﬁg: 0 unable to perform the test movement through any visible range (includes flicker)

1 a. able to perform only partial range of movement (requires assistance or stabihzation to
complete)

b. performs full movement, but with marked deviation from normal patiern
c¢. both a & b apply

2 completes the movement in a manner that is cornparable to the unaffected side
X activity not tested (specify why)

1I. BASIC MOBILITY

Sample Items: rises to standing from sitting; takes 3 steps forwards; walks 10 meters....

Scoring: 0 unable to perform the test activity through any visible range (minimal active participation)
1 a. able to perform only part of the activity

b. able to perform any or all of the activity, but with marked deviation fromn  normal
¢. botha & b apply

2 requires an aid to complete the activity independently and safely (including orthotics)
3 completes the activity independently and safely with no aid
X activity not tested (specify why)

Please select (circle) the statement which best describes how you feel about the revised scoring:
1) acceptable as is
2) acceptable with minor changes such as:

3) requires major changes such as:

Please fax this form to me at the School of P&OT (FAX # 398-8193), as soon as 1s conveniently possible for

you (we are awaiting your reply before going ahead with the reliability study). If you have any questions, or
require further information, please contact Kathy Daley @ 286-0844.

Thanks sincerely, Kathy Daley
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APPENDIX 3.3
Characteristics of Concensus Panel Participants (N =20)
Panel Service Caseload # of Stroke Patients |Years of Experience
Area Assessed in Past Year | Physio (Stroke)

l Acute Mixed <10 12,5 (7.5)
| Acute Mixed 10-30 18 (3)
I Acute Mixed <10 17 (17)
1 Acute Neuro 10-30 12 (12)
1] Acute Neuro 10-30 4.5 (2.5)
I In-pt rehab Stroke 10-30 8 (3)
] In-pt rehab Neuro <10 5.54)
! In-pt rehab Stroke 10-30 9(3.5)
| In-pt rehab Neuro >30 28 (20)
I In-pt rehab Mixed <10 13 (10)
| In-pt rehab Mixed 10-30 16 (16)
] In-pt rehab Neuro > 30 20 (10)
11 In-pt rehab Stroke 10-30 7 (6)
I In-pt rehab Mixed 10-30 2(2)
I In-pt rehab Stroke > 30 4 (2)
I Out-pt rehab Neuro > 30 32(17)
I Out-pt rehab Mixed 10-30 553
I Out-pt rehab Neuro >30 24 (10)
11 Day Hospital Mixed 10-30 5.5(@3.5)
1l LTC Neuro > 30 104
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APPENDIX 4

Panels One and Two's Suggestions;
Decisions Made and Rationale




TABLE OF CHANGES SUGGESTED BY FIRST CONCENSUS PANEL

1

I&m'ng unsupported {(change to > | munute)
bduction of unaffected leg

# Rating As
hﬁ'ﬂf' ITEM UNDER CONSIDERATION DECISION & RATIONALE

10 Functional U/E task (eg. reach & grasp) . influenced by neglect etc. (would use specific/detsiled U/E assessment)
10 [Hand riems (graded: partial / full ) +; improved sensitivity
10 Walking items (graded: “step to°/ 'step through’) | +; scoring changed (include *qualitative’/marked deviation)
9 Lateral side flexi00 1n miting {trunk control) --;  trunk control covered 1n item ‘reaching to the floor
9 hMammn knee position in 172 crooklying -, covered in ‘bending hip and knee in supine’, and ‘bndging’
9 Bndging +; fundamenial for bed mobslaty
9 olding arm vertical in supine -, difficult to standardize (1e. stabvlization of elbow, facilitation, elc )
2 oving from lying to situng +; fundamental for functionai mobility / trunk control
9 Oppose thumb to index finger ; more specific than opposition to all four fingers (graded difficulty)
7 Oppose thumb to hittle fingers . more specific than opposition to all four fingers (graded dificulty)
8 Reach forward-sideways in sitting -, difficult 10 standardize, siting balance covered in ‘reaching to the floor’
6 Roil to unaffected side +; fundamental for functional mobilsty / trunk control
6  [Roll to affected side +; fundamental for functional mobihity / trunk control
S {Raise arm in supine -, more functional in situng
s Longer walk (50" / 15m) . endurance may be himiting factor (would use timed walk insiead)
S Lateral reach (siting balance) -. difficult to standardize; siting balance covered in ‘reaching to floor’
4 ICrook-lying knees side-to-side -, covered in “rolling’ and "moving supine to sit’
3 Tandem standing -, not functional; would use specific balance assessment
3 [Hand to ipsilatera! ear +; modified to "touch forehead’ instead of ear (higher level)
3 Turn 90 degrees in standing +, functional activity
2 --; if can sit 60 seconds can probably sit longer

-, _covered in functional mobility wtem “stepping sideways to unaffected side’

DECISION KEY: + = ADDED OR RETAINED; — = DELETED, NOT ADDED OR UNCHANGED
ITALICS = EXISTING ITEM BEING RECONSIDERED

8+l




TABLE OF CHANGES SUGGESTED BY SECOND CONCENSUS PANEL

# Rating As
lm(?":)m ITEM UNDER CONSIDERATION DECISION & RATIONALE
9 Sit unsupported (30 seconds) +; fundamental for mobility 1n siting
7 Stand (30 seconds) +; fundamental for mobility 10 standing
7 Reach with unaffected hand to affected foot --; simijar to item reaching to unaffecied foot
6 Hold hea¢ up in sitting --; extremely low level
6 Keep hand on lap --, influenced by neglect, sensanon, clothing, elc.
6 Knee flexion 1n standing +; ttem retained (umque 1tem. selecive movement}
6 Supine to sit to both sides (two items) -~ 1o cither side acceptable (smnimazes effect of neglect)
6 Masntain half crocklying t, low ievel activity for 1 /i (hip rotary control)
5 Rolling (clanfy pattern) +, not pulling with hands (using trunk versus upper extremities)
4 Place hand on knee (from plinth) -+, could involve compensatory scapular elevation / trunk side bend
4 Pick up pen and place it poised to wnite --, involves cognition, percephion, sensation, etc.
4 Place hand on opposite shoulder --; sumilar to item ‘hand to top of head’
3 Trunk rotation (supine) -, covered in supine mobility items
k] Trunk rotation (sitting) --, covered in siithing mobibly ems
3 Staus (separate ‘alternanng’/‘non alternating ) . would result in excessive weight for stair climbing
R) Standing 10 siiing , covered in sit 1o stand
3l Siz 1o stand (wathouyt using hands or armrests) +, must not push off for full marks (lgh level acuvity)
1 Whist extension with Anger e aension --, 100 much weight on hagh level Usk: acuwvity, limited by ROM
} Oppose thumb to hnle finger --, too much weight on high level U/E acuvity, not funchonal
i Neck rotatio « 1n supine -, 100 low level, himited by ROM
! Lift head up in supine --, too low level
0 Trunk rotauon (standing) -, covered in standing mobility tems, difficult to standardize
0 Hip abduction in standing (affected side) +, limited number of L/E items, unique / selective / high level

ot

DECISION KEY: + = ADDED OR RETAINED; ~ = DELETED, NOT ADDED OR UNCHANGED
ITALICS = EXISTING ITEM BEING RECONSIDERED




APPENDIX 5.1
Consent Forms for Participation in
The Direct Observation Reliability Study

Testing the Measurement Properties of the
Stroke Rehabilitation Assessment of Movement (STREAM)

Researchers at the Jewish Rehabilitation Hospital, in collaboration with researchers at McGill
University, are conducting a study on how people regain the ability to move the arm and leg after a
stroke. We are asking you to parucipate in this study. If you agree to participate, we will ask vou
to ler a specially trained physical therapist evaluate how well you can move your limbs and carry out
other activities hike standing and walking. At the same time, another therapist will observe. The
evaluation will take less than one half hour of your time and will be done outside of your regular

therapy tim, so that there will be no interruption of treatment time.

All information collected in this study is strictly confidential. This means that your name
will never be identified in any publications or presentations of the findings of this research. Whether
you agree to participate or not will not affect your treatment or any other aspect of your stay here.
In addition, if you agree to participate and later change your mind, you may withdraw from the
study without any negatve consequences to you. We would also like to make clear to you that your
participation in this study is to benefit research and, while in the future it may help other patients
with strokes, it will not benefit you directly. Any questions or concerns you may have about this
study may be directed to Kathy Daley (phone 286-0844), or to Martha Visintin through the research
department at the Jewish Rehabilitation Hospital (phone 688-9550).

I understand what is required of me, and I agree to participate in this study.

Patient's signature:

Witness:

Date




FORMULAIRE DE CONSENTEMENT

STREAM

Les chercheurs de 1'Hopital Juif de Réadaptanon, en collaboration avec des chercheurs de
1'"Université McGill effectuent actuellement une recherche portant sur la récupération de la mobilité
du bras et de la jambe suite a un accident cérébro-vasculaire.

Nous sollicitons votre parncipation a cette étude. Si vous acceptez d'y parhciper, nous vous
demandons de permettre a un thérapeute qualifié d'évaluer ln fagon dont vous faites certains
mouvements et certames acnvités, telles que la marche et autres activités en posinon debout. Un
second thérapeute sera présent lors de l'évaluaton seulement puor observer. Cette évaluation
prendra motns de 30 minutes de votre temps et se fera en dehors de votre temps régulier de thérapie,
afin que vos heures de traitements ne soient pas tnterrompues.

Toutes les informations recueillies au cours de cette étude seront strictement confidentielles. Votre

nom n'apparaitra jamais dans aucune publication ou présentation portant sur les résultats de cette
étude.

Votre participation a cette étude est volontaire et vous pouvez en tout temps vous retirer sans gue
votre retrait affecte votre traitement & 1'hopital. Nous désirons également souligner que vous ne
bénéficierez pas directement de cette étude mais que votre participation permettra dans l'avenir aider
d'autres personnes ayant subi un accident cérébro-vasculaire.

Si vous désirez obtenir de plus amples détails ou des informations additionnelles concemant cette

étude, n'hésitez pas 4 communiquer avec Kathy Daley (286-0844), ou Martha Visintn & 1'Hépital
Juif de Réadaptaion (688-9550).

Votre signature apposée ci-dessous indique que vous avez lu, ou qu'on vous a lu ce document, que
vous le comprenez et que vous consentez A participer A cette étude.

Signature du patient:

Représentant des chercheurs:
(témoin)

Date




' APPENDIX 5.2
o

Authorization for Photographs, Films, Audio Cassettes, and Videotapes

Authorize the hospital

To make: yes no

Photographs
Films

Audio Cassettes
Videotapes
Other (specify)

. and 1 authorize the researcher to use or publish these films for scientific or educational
purposes. with the condition that all reasonable precautions will be taken to preserve

my anonymity.

I however put forward the following restncuions (if any reservatons):

Signature of patient Date

Witness Date



Autorisation Pour Phothographies. Films, Enreg' istrements Sonores,
Enregistrements Sur Bande Magnétoscopigue et Autres

Je, soussigé

Avtonise le centre hospitaher

A faire les: Qu

Photographies
Films
Enregistrements sonores

Enregistrements sur bande magnétoscopique

Autres (préciser)

et je autonse les chercheurs a utiliser et 4 publier ces films médicales, scientifiques et

éducauves, a la condition que des précautions raisonnables soient prises pour que soit

conservé |'anonymat.

J'émets cependant les restrictions suvantes:

Signature du patient Date

Témoin Date
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APPENDIX 6.1
Scoring Form: test version of STREAM

¥

2

2

n

3

12

3

3

13

[Score SUPINE

1. PROTRACTS SCAPULA IN SUPINE
"Lift your shoulder blade so that your hand moves towards the ceiling "
Note: therapist stabilizes arm with shoulder 90 flexed and elbow extended.

2. EXTENDS ELBOW IN SUPINE (starting with elbow fully flexed)

“Lift your hand towards the ceiling, straightening your elbow as much as you can”

Note: therapist stabilizes arm with shoulder 90° flexed; strong associated shoulder extension
and/or abduction = marked deviation (score 1a or ic).

3. MAINTAINS AFFECTED LEG IN HALF CROOK LYING POSITION FOR 10 COUNTS
"Keep your leg in this position while I count to ten”

Note: therapist places patient in half crook lying (ie. hip and knee flexed, with foot flat

on support surface, with hip it neutral rotation) and holds foot in place; if unable to maintain
the knee steady for a count of ten = marked deviation (score la if able to partially correct knee
position, but not to midline; 1c if able to repeatedly correct to midline position).

L. FLEXES HIP AND KNEE IN SUPINE (ATTAINS HALF CROOK LYING)
*Bend your hip and knee so that your foot rests flat on the bed”

5. ROLLS ONTO SIDE (starting from supine)
“Roll onto your side*®

Note: may roll onto gither side; pulling with arms to turn over = aid (score 2)

F[DE LYING (on unafTected side)

6. ABDUCTS AFFECTED HIP IN SIDE LYING

*Lift your foot up to here (therapist holds hand approxmately 20 cm abowe foot), keeping your
hip & knee straight and your pelvis perpendicular to the bed”
Note: unaffected leg is partially flexed to assist balance.

ICROOK LYING

7. MOVES KNEES SIDE TO SIDE IN CROOK LYING (TRUNK ROTATION)

“Keep your knees together and lower them as far as you can over (o one side, then over to the
other side, and return them to the middle; keep your shoulders resting on the bed”
Note: active movement to both sides must be full (comparabie to passive rotation) to obtain full
marks; if requires aid (external or from therapist) to maintain knees together = aid (score 2)

8. RAISES HIPS OFF BED IN CROOK LYING (BRIDGING)
"Lif your hips as high as you can”
Note: therapist may stabilize foot, but if knee pushes strongly into extention with bridging =

marked deviation (score 1a or 1¢); if requires aid (external or from therapist) to maintain knees
in midline = aid (score 2)

9. MOVES FROM LYING SUPINE TO SITTING WITH FEET ON THE FLOOR
“Sit up and place your feet on the fioor”

Note: may sit up to ¢ither side using any functional and safe method; ionger than 20 seconds =
marked deviation (score 1a or Ic); pulling up using bedrail or edpe of plinth = ad (score 2)
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3

12

12

2

12

2

2

2

7]

2

2

12

2

2

14,

15.

16.

17.

18.

19.

R0,

R1.

R2.

3.

SITTING (feet supported; hands resting on pillow on lap for items 10-21)
10.

MAINTAINS ERECT SITTING FOR 20 COUNTS
"Sit as straight as you can while I count to twenty”
Note: holding on with hand(s) = aid (score 2)

. SHRUGS SHOULDERS (SCAPULAR ELEVATION)

"Shrug your shoulders as high as you can”
Note: both shoulders are shrugged simultaneously.

. RAISES HAND TO TOUCH TOP OF HEAD

*Raise your hand to touch the top of your head”

. PLACES HAND ON SACRUM

"Reach behind your back and as far across toward the other side as you can”

RAISES ARM FORWARD TO 90° OF FORWARD FLEXION
"Reach your arm straight out in front of you to horizontal”

RAISES ARM OVERHEAD TO FULLEST ELEVATION
"Reach your hand as high as you can towards the ceiling”

RAISES ARM SIDEWAYS TO 90° OF ABDUCTION
"Lif your arm sideways to horizontal, keeping your elbow straight”

SUPINATES AND PRONATES FOREARM WITH ELBOW FLEXED AT 90°
"Keeping your elbow bent and close to your side, turn your forearm over so that your palm faces
up, then iurn your forearm over so that your palm faces down”

CLOSES HAND FROM FULLY OPENED POSITION
"Make a fist, keeping your thumb on the outside”
Note: must extend wrist slightly (ie. power grip with wrist cocked) to obtain full marks.

OPENS HAND FROM FULLY CLOSED POSITION
"Now open your hand all the way"

OPPOSES THUMB TO INDEX FINGER (tip to tip)
"Make a circle with your thumb and index finger”

EXTENDS WRIST AND FINGERS
"Keeping your forearm resting on the pillow, lift your hand and straighten your fingers”

FLEXES HIP IN SITTING
"Lift your knee as high as you can”

EXTENDS KNEE IN SITTING
"Straighten your knee by lifling your foot up”
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2

[}

2

2

3

3

3

12

P

2

3

3

3

24. FLEXES KNEE IN SITTING
*Slide your foot back under you as fr as you can”
Note: start with affected foot forward (heel in line with toes of other foot).

25. DORSIFLEXES ANKLE IN SITTING
"Keep your heel on the ground and liff your toes off the floor as far as you can”

26. PLANTARFLEXES ANKLE IN SITTING
"Keep your toes on the ground and lift your heel off the floor as far as you can”

7. EXTENDS KNEE AND DORSIFLEXES ANKLE IN SITTING
*Straighten your knee and bring your toes towards you "

28. REACHES FORWARD TO TOUCH UNAFFECTED FOOT WITH UNAFFECTED HAND
"With your strong hand, reach down and touch your foot on the same side "
Note: pushing up with hand(s) to return to sitting = aid (score 2)

29. RISES TO STANDING FROM SITTING
"Stand up; try to take equal weight on both legs"”
Note: pushing up with hand(s) to stand = aid (score 2)

STANDING
30. MAINTAINS STANDING FOR 20 COUNTS
*Stand on the spot while I count to twenty”

STANDING (holding onto a stable support to assist balance for items 31-33)
31. ABDUCTS AFFECTED HIP WITH KNEE EXTENDED IN STANDING
"Keep your knee straight and your hips level, and raise your leg to the side”

32. FLEXES AFFECTED KNEE WITH HIP EXTENDED IN STANDING
"Keep your hip straight and bend your knee back; bring your heel towards your bottom”

33. DORSIFLEXES AFFECTED ANKLE IN STANDING WITH KNEE EXTENDED
"Keep your heel on the ground and liff your toes off the floor as far as you can”

ISTANDING AND WALKING ACTIVITIES

34. PLACES AFFECTED FOOT ONTQ FIRST STEP (or onto stool approximately 18 cm high)
"Lift your foot and place it onto the first step (or stool) in front of you”

Note: returning the foot to the ground is not scored; use of handrail = aid (score 2)

35. TAKES 3 STEPS FORWARDS (one and a half gait cycles)
"Take three average sized steps forwards, placing one foot in front of the other”

36. TAKES 3 STEPS BACKWARDS (one and a half gait cycles)
"Take three average sized steps backwards, placing onc foot behind the other”
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13

/3

/3

/3

/3

3

/3

37

38.

39.

40.

JF

42,

43.

TAKES 3 STEPS SIDEWAYS TO UNAFFECTED SIDE
"Take three average sized steps sideways towards your strong side”

TAKES 3 STEPS SIDEWAYS TO AFFECTED SIDE
"Take three average siacd steps sideways towards your weak side”

MOVES FEET TO TURN BODY 90" TOWARDS UNAFFECTED SIDE
"Take steps to turn 90° on the spot towards your strong side”

MOVES FEET TO TURN BODY 90° TOWARDS AFFECTED SIDE
"Take steps to turn 90° on the spot towards your weak side”

WALKS 10 METERS INDOORS (on smooth, obstacle free surface; within 20 seconds)
"Walk in a straight linc over to ... (a specified point 10 meters away) "
Note: orthotic=aid (score 2); longer than 20 seconds =marked deviation (score 1c)

WALKS UP 3 STAIRS ALTERNATING FEE]
"Walk up three stairs; place only one foot at a time on each step if you can”
Note: handraii=aid (score 2); non-alternating feet = marked deviation (score 1a or 1¢)

WALKS DOWN 3 STAIRS ALTERNATING FEET
"Walk down three stairs; place only one foot at a time on each step if you can”
Note: handrail =aid (score 2); non-altemating feet = marked deviation (score 1a or Ic)
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APPENDIX 6.2
Therapist Profile

PLEASE PROVIDE US WITH THE FOLLOWING INFORMATION:

Name (will remain confidential):
ne # (H
W
Place of kmplovinent:

Current Service Area:

1) Staff Therapist__  Semior___  Clinical Specialist __ Other

ii) Acute Care___ In-patient Rehab.___  Out-patient Rehab. __  LTC___
Other (specify)

iii) General (Mixed Caseload) ___ Mixed Neuro ___  Stroke Service____
Other

Number of Stroke Patients Assessed in the Past Year: <10___ 10-30___ >30_

Years of Experience (to closest 1/2 vear):
In current service area o
In stroke related service
Total (as a physio)

Training: BScPT_____ Other (specify)

University where Degree Obtained:
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APPENDIX 6.3

INSTRUCTIONS FOR RATERS

THANK YOU! for your participation in this study to evaluate the reliability of the STroke
REhabilitation Assessment of Mcve nent (STREAM). You will be asked to rate 4 subjects using the
assessment forms provided. Your individual ratings will remain confidential.

' Please rate each patient on the sheet provided (the subjects' number will be given at the
beginning of each taped session; each sheet is labelled with a corresponding subject number).
Please score each item for each patient according to your understanding of the directions for scoring,

and based on what you see the patient perform on the tape.

You will have only one opportunity to view each taped session. No discussion or
explanations will be given while the tapes are being viewed, as we want to assess how the
STREAM items are interpreted by each individual. In the videolapes the items have been assessed
in the same order as presented on the form. There will be a short break after viewing the first two

subjects.

THANKS AGAIN for your valued expertise!
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Characteristics of Raters Participating in the
Direct Observation Reliability Study

Service Caseload # of Stroke Patients |Ycars of Experience
Area Assessed in Past Year Physio (Stroke)
Acute Neuro 10-30 4.5 (2.9)
In-pt rehab Stroke > 30 4.5 (2.5)
In-pt rehab Mixed > 30 2 2.5
In-pt rehab Neuro > 30 4.5 (1.5
In-pt rehab Brain injury <10 9 (3
Mixed (grad student) Neuro 10-30 15 (3.9
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APPENDIX 8

Test Manual

STroke REnhabilitation

Assessment of Movement

(STREAM)

School of Physical and Occupational Therapy Physiotherapy Department
Davis House, McGill University Jewish Rehabilitation Hospital
3654 Drummond, Montreal, PQ, 3205 Alton Goldbloom, Chomedy, PQ,

H3G 1YS, Canada H7V 1R2, Canada




APPENDIX 8.1
Background Information

BACKGROUND OF STREAM

The original STREAM was developed in 1986 through a collaborative effort between rescarchers and
physical and occupational therapists at the Jewish Rehabilitation Hospital (JRH), Chomedy-1.aval,
Quebec. The items included in this original instrument were selected from clinical experience and
from existing published assessments (Ashburn, 1982; Bobath, 1978; Brunnstrom, 1970; Fugl-Meyer,
1975). The STREAM has since been revised through studies conducted by researchers at McGill
University and the JRH. Content validity, and preliminary reliability of STREAM, have been
established, and clinica! use of the instrument is supported.

INTENDED PURPOSE & SCOPE

The purpose of the STREAM is to provide a relatively comprehensive, standardized, objective and
quantitative clinica! measure of the motor function of stroke patients. It is designed to be used by
physiotherapists for monitoring motor recovery, and for evatuating the impact of therapies, such
as physical therapy, medical and pharmacologic interventions, etc. on the motor recovery of stroke
patients. The STREAM is intended for use as an outcowme measare for motor recovery-- it is not
intended for use as an assessment tool for diagnosis or treatment planning, if used in isolation.
STREAM may, however, be used in conjunction with measures of spasticity, ROM, sensation,

balance, functional independence in ADL, etc. to obtain a more global profile of a patient's physical
function.

The STREAM is designed to be suitable for evaluating stroke patients with motor deficits ranging
from mild to severe. The test items represent gradations of difficulty, to allow discrimination
between patients with differing levels of motor impairment, and to monitor an individual's motor
recovery over time. The items included in the STREAM cover a wide range of motor activities that
are typically assessed by physiotherapists for the purpose of evaluating the motor status of stroke
patients, specifically voluntary movement of the limbs and basic mobility. The items assessing
limb movement patterns are intended to provide a profile of basic motor status (motor recovery in the
limbs); the remaining items give a more functional picture of motor recovery, assessing simpie motor
tasks which require the integrated movement of trunk and limbs.

Since the focus of STREAM is the assessment of movement recovery (specifically motor ability), the
items included in the STREAM have been limited to simple move.aents and activities. In an attempt
to minimize the confounding effects that variables other than moior recovery, such as cognition,
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perception and communication, have on the measurement of motor status, some of the mobility items
(rolling and moving from supine to sitting) may be performed to either side. Similarly, only simple
one or two siep commands are used, and may be supplemented by demonstration to facilitate
communication.

The STREAM has intentionally been designed such that a minimum of equipment is utilized, in order
to improve the portability and clinical utility of the instrument. STREAM is also brief (10-15
minutes) and easy to administer.

SCORING

The séon'ng of STREAM is designed to be objective and quantitative, so that a high reliability or
reproducibility of scores should be achievable. A number of scoring schemes or dimensions were
incorporated, including scoring with respect to: the degree of assistance required or level of
independence, active range of voluntary movement possible, and quality of movement. We wanted
the scoring to be as simple and unambiguous as possibie so that, after reading the instruction booklet,
therapisis would be able to carry out the testing accurately and easily using only a short sconing form.
Space is provided on the scoring form for documenting a patient's STREAM scores on four
occasions,

For functional purposes, it is essential that a patient is able to perform an activity independently and
safely. In some cases, however, variables such as cognition and perception may play a greater role
than motor recovery in a patient's functional ability. Thus, on STREAM, a patient will be given full
credit for their perfoimance, even if they require supsrvision due to cognitive or perceptual deficits, if
they have the molor ability to achieve a given task. To test a patient's functional independence,
where the coatributions of motor, cognitive, and perceptual functioning are considered
simultaneously, other more suitable measures should be selected.

The STREAM includes a total of 30 items, with 20 items assessing limb movement pattemns (10 for
the lower extremity and 10 for the upper extremity) and 10 items assessing basic mobility. The
STREAM's scoring scheme, while remaining simple to preserve reproducibility, provides information
as to both the amount and quality of movement. A three point ordinal scaie is employed for scoring
voluntary movement of the fimbs; a patient is scored 0 if unable to perform the test movement, 1 if a
movement can be only partially completed ¢r if the movement is perforined with marked deviation
from a normal pattern when compared to the unaffected limb, and 2 if able to complete the movement
in a manner that is qualitatively and quantitatively near normal. Scoring category 1 is divided into
three sub-categones: 1a for movements performied only partially and in an abnormal patiem, 1b for
movements performed only partially but with a normal pattern, and lc for movements performed
completely but with an abnormal pattem. The same scoring scheme is employed for the basic




mobility subscale, except that a category has been added to allow for independence with the help of an
aid. If a test item cannot be performed due to pain or limited passive range, or if a movement or
activity is limited because of other reasons such as perceptual or cognitive deficits, amputation,
impairsd vision, etc. then this must be indicated by scoring an X and indicating the reason. Details
are provided in the specific directives for scoring STREAM.

CONCEPTUAL FRAMEWORK

In devising a clinical instrument to measure motor recovery, a number of aspects have to be
considered, such as: the domains to be included, the methods by which these are assessed, and the
uses and populations for which the measure is appropriate. First, motor recovery must be
conceptually and operationally defined. However, given the complexity of motor performance in
terrns of the number of factors that potentially influence motor recovery ard functional performance
following strokes, defining and measuring this phenomenon presented a challenge. A variety of terms
could have been used to describe what the STREAM endeavors to measure, including: motor
recovery, motor ability, motor function, functional motor recovery, motor performance, motor
control, motricity, and motor output. Unfortunately, many of these terms are no! well defined and
may imply different concepts to different individuals. We seiected the terms "voluntary movement

and basic mobility" to describe the attributes measured by the STREAM, and the following conceptual
framework was developed.

Motor recovery implicates a number of neurophysiologic processes at the cellular level. In addition,
factors such as the size and side of the lesion, age, comorbid conditions. motivation, communication,
cognition, contractures and pain impact on motor recovery. Although it is very difficult to separate
out the relative influences of these various processes and factors, motor recovery is manifested by the
re-emergence of voluntary movement and restoration of basic mobility. Therefore, the STREAM is
intended to measure these fundamental building blocks that reflect motor recovery, and that can be
easily measured in the clinical setting.

In the context of physical rehabilitation following stroke, impairments refer to the primary deficits
observed such as paresis, sensory deficits and abnormal tone which contribute to, or cause, motor
dysfunction, whereas disability refers to the functional consequences of the impairment such as
reduced ability to perform purposeful movements, transfers, walking, and activitics of daily living
(World Health Crganization, 1980). In this framework, the STREAM is related hicrarchically to
other measures of impairments and disabilities in that it is inicnded to measures basic motor ability -

one step beyond the level of the primary impairments, and one step before functional mobility and
ADL measures.
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EXPECTED CONTRIBUTIONS

The STREAM should: 1) streamline and standardize the routine objective documentation of motor
recovery, 2) facilitate communication between and within clinical and research settings, and 3)
provide a useful cutcome measure for evaluating the impact of interventions cn motor recovery. By
keeping the scoring simple, the instrument concise, and by involving many therapists in development
and testing, we hope we have produced an instrument that will be useful to clinicians, and that will be
incorporated into routine clinical practice to improve the efficiency of information gathering. We also
hope that, by carefully developing the content of STREAM. and, following further testing of the
reliability, validity and responsiveness of the measure, STREAM will be a useful research tool
specifically suited for evaluating the efficacy of therapeutic intesventions in terms of their influences
on the recovery of voluntary movement and basic mobility following stroke.

STAGES OF DEVELOPMENT

The process of scaie development is an ongoing enterprise. The first stage of this project, involving
content validation, preliminary reliability testing, and internal consistency analysis is now complete.
As a first step in this project, we carried out a content verification survey to assess the broad
acceptability of the STREAM. As a second step, the STREAM was presented to several panels of
physiotherapists, who revised the instrument based on their collective clinical experience. Inter-rater
reliability was assessed by comparing scores on STREAM made by direct observation of patients in
the clinical setting, as well as through use of videotaped assessments of patients. Intra-rater reliability
was also assessed using videctaped patient assessments, viewed on two occasions. Reliability was
excellent both within and between raters; generalizability correlation coetficients (GCCs) for total
STREAM scores were 0.99, and ranged from 0.963--0.998 for the subscale scores, for both the direct
observation and videotaped assessments reliability studies. For individual items, Kappa statistics
clusiered in the range from 0.8 to 1.0, with only one of the 30 items demonstrating less than excellent
agreement. Internal consistency was excellent, with Cronbach’'s Alphas of greater than 0.98 on
subscales and total scores. Stages to foilow will inciude further attention to content and construct
validity through statistical analysis of the principie components of STREAM, as well as longitudinal
studies to assess the responsiveness of the instrument.

For further information contact the STREAM Research Group:
Kathy Daley, Dr. Nancy Mayo, Dr Sharon Wood-Dauphinee, @ School of P&OT, McGill
Martha Visintin, Rosslyn Cabot @ JRH




APPENDIX 8.2

General Instructions for Using the STREAM

1. The patient should be in his/her usual state of attention and health.

2. The patient should be dressed in clothing that does not restrict movement, and that allows the
therapist to observe the movement clearly (eg. shorts and T-shirt). Comfortable walking shoes or
the patients usual footwear should be worn when testing the activities performed in standing.

3. Instructions {stalics on scoring form) should be given verbally, demonstrated and repeated to the
patient as necessary. For the items testing voluntary movement of the limbs, ask the patient to
perform the movement once with the unaffected side. This allows you to observe the patient's

comprehension of the test item, and the available range and movement pattern on the patient's
‘unaffected side'.

4. If the patient's sitting balance is precarious, they may be seated on a chair with back support while
testing items performed in sitting (items # 7-21).

5. Therapists may assist the patient to maintain standing while performing items # 23-25,
Stabilization of the arm (items | & 2), and foot (item $§) is permitted where specified.

6. Therapists may assist the patient to achieve the starting positions specified. However, no hands-on
fcilitation of the limb movements should be given; if support or partial physical assistance (except

as stated above in instructions 4 & 5) is required for performance of the mobility items, the patient
is given a score of /a or ib.

7. If necessary, the patient is permitted three attempts on each item and the best performance recorded.

8. The items should be tested in the order as presented.

9. Therapists should count at a rate such that 20 counts is equivalent to 20 seconds (eg. "one-1000,
two- 1000, three-1000....."; this should be timed and practiced several times prior to testing).

10. If the assessment is interrupted for any reason, it may be restarted from where it was left off
if done so within a 24 hour period. If not, it should be redone from the beginning.

11. An item should be excluded (score X) if movement is limited by marked restriction of passive
range or pain, and the following codes used to indicate the reason: ROM, Pain, Other (reason).

12. The following equipment should be available for use:

~sturdy stooi (or treatment plinth or armless chair) of a height such that patient can sit
comfortably on a firm support with feet resting on the floor or on a small foot stool, with the
hips and knees at 90°

-support surface (fium, and large enough to permit rolling safely; rased approximately 1/2
meter off the ground); if using the patient’'s bed, it must be flat and encumbering bedding
should be removed; alteinatively, a large treatment plinth (raised mat) may be used

-pillow

-stairs with railings (departmental steps or full flight: standard height approximately 18 cm)
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APPENDIX 8.3
STREAM SCORI

1. VOLUNTARY MOVEMENT OF THE LIMBS ( 72)

0 unable to perform the test movement through any appreciable range (includes flicker or slight
movement)

1 a. able to perform only part of the movement, and with marked deviation from normal pattern

b. able to perform only part of the movement, but! in a manner that is comparable to the
unaffected side

¢. able to complete the movement, but only with marked deviation from normal pattern
2 able to complete the movement in a manner that is comparable to the unaffected side

X activity not tested (specify why, ROM, Pain, Gther (reason))

II. BASIC MOBILITY ( /3)

0 unable to perform the test activity through any appreciable range (ie. minimal active participation)

1 a. able to perform only part of the activity independently (requires partial assistance or
stabilization to complete), with or without an aid, and with marked deviation from normal pattemn

b. able to perform only part of the activity independently (requires partial assistance or
stabilization to complete), with or without an aid, but with a grossly norimal movement pattern

¢. able to complete the activity independently, with or without an aid, but only with marked
deviation from normal pattern

2 able to complete the activity independently with a grossly normal movement pattern, but requires
an aid

3 able to complete the activity independently with a grossly normal movement pattern, without
an aid

X activity not tested (specify why; ROM, Pain, Other (reason))

AMPLITUDE OF ACTIVE MOVEMENT

None Partial Complete
MOVEMENT Marked Deviation 0 1a lc¢

QUALITY Grossly Normal 0 1b 2 (3)




Glossary of Terms for Scoring
(use as a reference the first few times you are scoring the STREAM)

Movement through an appreciable range: implies movement of an observable amplitude that is

greater than a flicker or a small, essentially nonfunctional, movement (ic. must be at least 10%of the
normal amplitude of movement).

Part of the movement (Limb movements: la & b): includes any active movement observed (without
hands on facilitation) that is greater than a flicker or slight movement (category 0) and less than the
complete movement (categories lc, or 2).

Part of the activity (Basic mobility: 1a & b): implies that a patient is able to actively participate in a

basic mobility activity (ie. does not require major assistance), but is unable to complete the activity
without partial assistance or stabilization.

Complete movement (ic, 2 & 3): refers to movement that is comparable to the quantity of movement
observed on the unaffected side, or to the attainment of a basic mobility task (ie. must be at least
90%of the normal amplitude of movement).

Marked deviation (1a & Ic): the performance of the test activity does not follow a natural sequence
of movement comparable to how an individual without motor impairment would perform it (ie. it is not
within the expected range of so called "normal movement”). Thus, moderate or major deviations or
irregularities of movement, including strong associated reactions, gross postural asymmetry, and tremor
or dysmetria interfering with function, should result in downgrading (ie. scores of la or I¢).

Comparable to the unaffected side (1b, 2 & 3): the performance of the test movement or activity
closely resembles the quality and/or quantity of movement observed on the unaffected side.

Grossly normal movement pattern (1b, 2 & 3): the performance of the test activity follows a natural
sequence of movemeni comparable to how an individual without motor impairment would perform it
(ie. it is within the :xpected range of so called "normal movement"). Thus, to get full marks the
movement need not be perfectly executed, but must be approaching normal; minor deviations or
irregularities of movement should not result in downgrading.

Aid: refers to any external / adaptive device(s) (walking aids, splints, etc.) that may be used by a
patient to perform a movement. The use of hand(s) to push up to stand, and the use of handrail(s) in
stair climbing are also graded as using an aid.

Able to complete the activity independently (category I: 1c, 2 & 3): implies that a patient is able to
carry out the basic mobility task without any hands-on, or physical assistance from another person;
verbal encouragement, cueing and close supervision however may be given.




SIREAM SCORE
UPPER EXTREMITY LOWER EXTREMITY BASIC MOBILITY
Item Score Item Score Item Score
1 3 4
2 15 5
7 16 6
8 17 21
9 18 22
19 19 26
11 20 27
12 23 28
13 24 29
14 25 30
| | l
\/ \V \/
Subscale
Total
Score
(max 20) (max 20) (max 30)
l ! I
\/ \/ \/
*Subscale
Score
out of 100
| | |
Vv \/ V
STREAM
Total = + +
Score 100 100 100
3

Note: maximum score is based on the number of items scored.
maximum score is 20 if all items are scored, 18 if only 9 items are scored, etc, Similarly, for
mobility subscale, maximum score is 30, 27 if 9 items are scored, ...
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(nax 100)

ie. for limb subscales,

*Subscale scores are transformed to a score out of 100 to correct for items not scored (due to
pain, limited ROM, etc.). In addition, since the transformed subscale scores have the same
denominator, equal weight is given to each of the subscales when the total STREAM score is

obtained by summing the transformed subscale scores.




Exange

STREAM SCORE
UPPER EXTREMITY  LOWER EXTREMITY  BASIC MOBILITY
Item Score Item Score Item Score
1 < 3| & al
2| & 15| & sl D
11 & 16| & 6 D
s 17| & a| B
9| &R 18| V& )
10 [ NPava ) 19 & % D
| \- 20| \a 27| 3
2] & 23| & 8 D
13| 24| \b 29 &
1l Ve 25| WSOM 0|
o Y Y v
u {4
T | Vo) \g Yl * [0
{max 20) (max 20) (max 30)
. \|/ \l/ \l/
*Subscale
o B (oo hd "W Blio
y v v
o =_89 ;%% o+ 9% -
Score 100 lgo 100
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oo

{max 100)
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APPENDIX 8.4
The Thirty Item STREAM

Troke REhabilitation As t of Movement (STRE
Assessment Dates Patlent's Name:
(YM/D)
1. Date of CVA: Sex: M F Age:
D, Side of Lesion: L R Side of Hemiplegia: L R
3, . Comorbid Conditions:
. Type of ald(s) used:
Physiotherapist(s):

General Comments:

STREAM SCORING
I. VOLUNTARY MOVEMENT OF THE LIMBS

unable to performn the test movement through any appreciable range (includes flicker or slight movement)
a. able to perform only pait of the movement, and with marked deviation from normal pattern

b. able to perform only part of the movement, but in a manner that is comparable to the unaffected side
¢. able to complete the movement, but only with marked deviation from normal pattern

able to complete the movement in a manner that is comparable to the unaffected side

activity pot tested (specify why; ROM, Pain, Other (reason))

1I. BASIC MOBILITY

2

unahle to perform the test activity through any appreciable range (ie. minimal active participation)

A. able to perform only part of the sctivity independently (requires partial assistance or stabilization to
complete), with or wathout a5 aid, and with marked deviation from normal pattern

b. able to p.erform only part of the activity independently (requires partial assistance or stabilization to
complete), with or without an aid, but with a grossly normal movement pattern

¢. able to complete the activity independently, with or without an :id, but only with marked deviation
from normal pattern

able to complete the activity independently with a grossly normal movement pattern, but requires an aid

3 sble to complete the activity independently with a grossty nonmal movement pattern, without an ald
X activity pot tested (specify why; ROM, Pain, Otber (reason))

MOVEMENT Marked Deviation 0 1a 1c
QUALITY Grossly Normal L] 1b 2 (3)

AMPLITUDE OF ACTIVE MOVEMENT
None Partial Complete
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SCORE

SUPINE

1. PROTRACTS SCAPULA IN SUPINE
12 “Lift your shoulder blade so that your hand moves towards the ceiling®
Note: therapist stabilizes amm with shoulder 90° flexed and efbow extended.

2. EXTENDS ELBOW IN SUPINE (starting with elbow fully flexed)
2 "Lifl your hand touards the cethng, straightening your elbow as much a< yow can®

Note: therapist stabilizes amm with shoukler 90° flexod; strong associated shoulder
cxtension and/or abduction = marked deviation (score ta or Ic).

3. FLEXES HIP AND KNEE IN SUPINE (attains half crook lying)
12 *Bend your bip and kneo so that your fxx rests flal on the bed®

4. ROLLS ONTO SIDE (starting from supinc)
13 “Roll onto pour side”

Note: may roll onte githier side, pulling with arns W turn over = aid (score 23,

5. RAISES HIPS OFF BED IN CROOK LYING (BRIDGING)
*Lif your hips as high as you can®

/3 Note: therapist may stabilize foot. but if knee pushes strongly into extension
with bridging = marked devistion (score 1a or 1¢); if requires aid (external or
from therapist) to maintain knees i midline = ad (score 2).

. MOVES FROM LYING SUPINE TO SITTING (with feet on the floor)
“Sit up and place your feet on the foor”

3 Note: may sit up to gigher side using any functional and safe method:; longer

than 20 seconds =marked deviation (score 1a of ic); pulling up using bedraul or

edge of plnth=ad (ocore 2).

SITTING (feet supported; hands resting on piliow on p for Hems 7-14)

7. SHRUGS SHOULDERS (SCAPULAR ELEVATION}
"Shrug your shoulders as bigh as you can”
Note: both shoulders are shrugged simultanscusly.

2

8. RAISES HAND TO TOUCH T0P OF HEAD
12 “Raise your band fe touch the top of your beud*

0. PLACES HAND ON SACRUM
12 *Reach behind your back and #5 &r across toward the other side 45 you cag*

10. RAISES ARM OVERHEAD TO FULLEST ELEVATION
12 *Reach your hand as hugh as you can towards the ceiling®
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2

11

2

/2

2

2

/2

/12

/12

12

12

/3

13.

14.

IS.

16.

SUPINATES AND PRONATES FOREARM (elbow flexed at 90°)
"Keeping your elbow bent and close to your side, turn your forearm over so that
your palm faces up, then turn your forearm over so that your palm faces down”
Note: movement 1n one direction only = partial movement (score 1a or 1b).

. CLOSES HAND FROM FULLY OPENLED POSITION

“Mahe a fist, heeping your thumb on the outside”
Note: must extend wost shghtly (ie wrist cocked) to obtain tull marks.

OPENS HAND FROM FULLY CLOSED POSITION
"Now open your hand all the way”

OPPOSES THUMB TO INDEX FINGER (up to up)

"Make a circle with your thumb and mdex onger”

FLEXES HIP iN SITTING

"Liff your knce as huigh as you can”

EXTENDS KNEE IN SITTING

"Straighten your knee by fing your foot up”

7. FLEXES KNEE IN SITTING

"Shde your foot back under vou a« far as you can”
Note: <tart with affected toot forward (heel in line with toes of other foot),

. DORSIFLEXES ANKLE IN SITTING

"heep yvour heel on the ground and Iift your toes off the Hoor as far as you can”

. PLANTARFLEXES ANKLE IN SITTING

L3

"Keep your toes on the ground and Itft your heel oft the floor as far as you can

. EXTENDS KNEE AND DORSIFLEXES ANKLE IN SITTING

"Straighten vour knee and bring your toes towards you"
Kote: extension of knee without dorsiflexion of ankle= partial movement
(swore la ot Ih)

1. RISES TO STANDING FROM SITTING

"Stand up, Iy to take equal weight on both legs”

Note: pushing up with hand(s) to stand = aid (score 2); asymmetry such as trunk
lean, trendelenburg, hip retraction, or excesstve flexion or extension of the affected

knee = marked deviation (score 1a or 1e).




SCORE

3

2
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/3

2

2

STANDING

22. MAINTAINS STANDING FOR 20 COUNTS
"Stand on the spot while | count to tweaty "

STANDING (holding onto a stable support to assist butance for items 23-25)
23. ABDUCTS AFFECTED HIP WITH KNEE EXTENDED

“Keep your knee straight and your hups level, and rarse your leg to the side”

24. FLEXES AFFECTED KNEE WITH HIP EXTENDED
"Keep your hip straight, bend your knee bach and bring vour heel towards
your bottom"

/2

25. DORSIFLEXES AFFECTED ANKLE WITH KNEL EXTENDED

"Keep your heel on the ground and Iiff your toes oft the loor as far as you can”

/3

/3

STANDING AND WALKING ACTIVITIES
26. PLACES AFFECTED FOOT ONTO FIRST STEP (or stool 18 ¢ high)

"Laft your foot and place it onto the frst step (or stool) w front of you"
Note: returning the oot to the ground 1s not scored, use of handrad - ad (seore 2)

27. TAKES 3 STEPS BACKWARDS  (one and a hait gaut eycles)

"Take thiee average sized steps bachwards, placing one foot behind the other”

3

/3

28. TAKES 3 STEPS SIDEWAYS TO AFFECTED SIDL.

"Take three average sized steps suleways owards your weah side”

29. WALKS 10 METERS INDCORS (on smooth, obstac ke free surface)
"Walk tna «traight hine over to (a4 specihed pomnt 10 neters avuyy
Note: orthote =md (score 2), longer than 20 seconds = marked deviation {score 1¢)

/3

30. WALKS DOWN 3 STAIRS ALTERNATING LT
"Walk doun three stamrs, place only one oot at a unxe on each step f you can”
Note: handrail=aid (score 2), non-alternating feet=marked deviation (score 1a or 1o).




APPENDIX 9

Results from the
Direct Observation
Reliability Study




APPENDIX 9.1
Distribution of Scores Within Each Item
(N = 2 Raters x 20 Subjects = 40 Ratings)
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ITEM SCORE
0 1a ib ¢ 2 X
Upper Extremity:
1. 10 3 5 1 19 2
2. 8 4 5 23
1L 12 3 4 2 19
12. | B 7 8 14
13. 11 2 4 21 2
14, 11 6 1 2 20
15. 12 7 3 2 16
16: 10 8 4 18
17. 12 3 2 3 18 2
18. 11 3 3 6 17
19. I5 4 1 1 19
20. 14 2 7 17
21. 12 5 7 1 11 4
Lower Extremity:
3. 1 4 35
4, 6 4 8 22
6. 1 12 3 8 14 2
22 4 10 1 6 19
23. 3 10 3 5 19
24. 6 9 4 1 20
25. 4 4 4 23 4
26. 12 8 1 2 17
27. 3 14 3 2 18
31. S 11 1 3 18 2
32, 12 5 3 3 15 2
33. 1 1 2 21 5
0 1a 1b 1c¢ 2 3 X
Basic Mobility:
5. 2 13 1 24
1. 3 4 2 31
8 2 5 2 2 29
9, 4 1 11 3 21
10. 1 39
28. 40
29. 8 1 11 6 14
30. 12 6 22
34. 4 5 1 12 2 16
3s. 2 7 1 8 5 15 2
36. 2 10 8 3 15 2
37. 2 7 1 6 4 16 4
8. 4 7 1 4 4 16 4
39. 2 12 3 5 16 2
40. 2 12 4 4 16 2
41. 4 8 12 4 10 2
42, 6 11 4 9 8 2
43, 6 It 4 9 8 2




APPENDIX 9.2
Inter-Item, Item to Total and Item to Subscale Correlations of the 43 Items in the Test Version of STREAM

Item-total ltem-subscaie

12 3 4 S 6 7 8 9 10 11 12 3314 1516 1718 1920 21 22 2324 2526 27 28 29 30 31 32 33 34 35S 36 3738 940 41 28

ITEM
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APPENDIX 9.3

The Total STREAM and Subscale Scores

Assigned to Twenty Subjects by Assessors and Observers
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TOTAL SCORE U/E Subscale

Mobility Subscale

Assessor Observer Assessor Observer Assessor Observer Assessor Observer

* 23 25 0 0
* 27 31 0 0
29 32 65 75

* 29 36 0 0
-3 36 15 20

* 35 32 6 0
39 39 60 55

44 39 10 15

54 59 40 40

56 56 95 95

* 72 75 72 83
83 89 60 65

83 &3 90 80

84 96 80 95

89 89 60 65

91 93 100 100

* 94 91 95 95
100 100 100 100

100 100 100 100

100 100 100 100

L/E Subscale_
25 28
45 45

0 0
50 70
30 20
55 50
25 30
25 30
50 50
33 33

100 100
95 100
65 75

100 100

100 100

100 100
95 95

100 100

100 100

100 100

37
33
23
33
47
39
33
80
33
43
53
90
90
77
100
72
93
100
100
100

40
43
23
37
57
39
33
60
43
43
53
97
90
93
97
78
87
100
100
100

Note: scores are for 30 tem STREAM
a Subscale totals are transformed to scores out of 100.
* Scores corrected for missing items (items scored as X).




APPENDIX 9.4
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Indices of Agreement for the Qualitative Divisions Within Category '1’
for Pairs of Raters Scoring Twenty Subjects

Item Agreement (%) Kappa 959% Confidence Interval
Number Crude Expected Statistic # for Kappa Nb
Upper Extremity Subscale:

1 67 33 50 -0.11--1.11 R
2 i00 50 1.00 1.00--1.00 4
11 100 33 1.00 1.00--1.00 3
12 67 44 .40 -0.14--0.94 6
13 0 0 0.00¢ 0.00--0.00 1
15 75 50 .50 -0.23--1.23 4
17 50 31 27 -0.31--0.86 4
18 80 36 .69 0.16--1.22 5
19 50 50 0.00¢ 0.00--0.00 2
20 100 63 1.00 1.00--1.00 4
Lower Extremity Subscale:

4 60 52 17 -0.71--1.04 5
22 50 39 18 -0.15--0.51 8
23 75 41 S8 0.12--1.04 R
24 71 49 44 -0.06--0.94 7
25 75 S0 50 -0.23--1.23 4
26 100 100 ---d 4
27 89 56 5 0.30--1.20 9
K] 71 53 .39 -0.17--0.95 7
32 67 33 S50 0.11--1.11 3
33 100 100 ---d I
Basic Mobility Subscale:

5 100 76 1.00 1.00--1.00 7
8 50 38 .20 -0.61--1.01 4
9 88 53 73 0.29--1.18 8
29 100 51 1.00 1.00--1.00 7
30 100 100 ---d 5
34 88 48 .76 0.39--1.12 7
36 75 53 .47 -0.17--1.10 7
38 80 52 58 -0.05--1.22 5
41 100 51 1.00 1.00--1.00 9
43 100 59 1.00 1.00--1.00 7

a Unweighted Kappa statistic

b N= the number of subjects (out of 20) wcored ‘1" by both raters
¢ Numerator of 0. for item 13 there 1< only one rating n category '1°

d Kappa was undefined because the denominator was O
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APPENDIX 10

Results from the
Videotaped Assessments
Reliability Study
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. APPENDIX 10.1
Distribution of Scores Within Each Item for the Four Videotapes
(N = 20 Raters x 4 Tapes = 80 Ratings)

ITEM TIME 1 SCORE TIME 2 SCORE
0 Ia Ib 1c 2 3 |0 1a 1b 1c 2 &)
Upper Extremity:
1. 22 3 28 14 13 | 17 14 35 1 13
2. 3 3 51 23 | 2 1 44 33
It 28 16 15 2 19 | 24 19 20 17
12. 26 38 2 13 1 | 25 37 3 13 2
13, 28 40 10 2 | 26 44 9 1
14, 28 32 2 18 | 26 34 2 18
15. 26 38 12 1 3 | 25 38 1 2 4
16. 25 49 6 | 20 57 2 |
17. 5 64 6 4 1 | 4 66 7 2 1
18. 24 30 4 18 4 } 16 35 6 16 7
19. 53 7 3 8 9 | 46 15 4 8 7
20. 25 38 1 13 3 | 27 36 15 2
21, 59 18 3 | 59 20 1
Lower Extremity:
3. 2 78 | 1 79
4. 16 22 3 39 | 16 16 3 2 43
6. 27 4 27 22 | 26 1 26 27
. 22. 20 2 30 28 | 18 5 23 34
23. 44 1 4 21 b 30 24 2 23
24, 6 28 11 11 24 | 4 31 12 10 23
25. 25 26 9 2 18 | 23 20 15 1 21
26. 24 27 6 2 21 | 26 21 5 3 25
27. 3 47 10 20 | 3 44 13 20
31, 14 27 2 13 24 | 9 33 4 7 27
32 29 28 4 19 | 25 26 7 2 20
33 44 13 4 1 18 | 41 13 7 1 18
Basic Mobility:
5. 2 67 3 8 | 1 59 11 9
1. 3 5 11 61 | | 5 1 2 71
8. 3 2 7 68 | 8 1 13 5%
9. 28 2 25 7 18 | 25 2 25 12 16
10. 80 | 80
28, 1 79 | 1 79
29, 35 25 20 | 22 37 21
30. 1 27 2 50 | i 2 15 5 57
34. 28 3 26 3 20 | 24 4 22 10 20
35. 52 8 20 | 1 40 18 21
36. 23 1 36 20 | 20 2 31 7 20
37. 20 38 2 20 | 20 29 10 21
38, 20 3 35 2 20 | 18 1 33 8 20
39. 19 1 32 7 21 | 18 1 28 13 20
40. 20 33 6 21 | 18 1 28 13 20
. ar. 60 20 | 38 22 20
42. 34 26 20 | 30 3 24 3 20
43. 35 25 20 | 29 5 23 3 20




APPENDIX 10.1
Distribution of Scores Within Each Item for Videotape A
(N = 20 Raters)
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ITEM

TIME 1 SCORE

TIME 2 _SCORE

0 la

1b

ic

2

3

1b

1c

2

3

Upper Extremity:
1. 2

2.
it
12. 4

13. 8

14.

15. 4

16. 14
17.

18. I

19.

20. 4

21, 17
Lower Extremity:
3

4.

6.
22
23,

24,

25,

26,

27,

3.

32,

33.

Basic Mobility:
S,

1.

8.

9.

10.

28,

29,

30.

34,

35.

36.

KER

38.

39,

40,

4].

42,

43,

15

-

12

13

w

W O & -

20
20
19
piy)
20
20
15
20
20
19
19
18

20
20
11
20
20
20
20
20
20
20
20
20
20
20
20
20
20

W) e e

i0

1
4
3
9

-

BN O e

F-S

BN ~2 O -

20
20
19
20
20
20
18
20
20
20
20
18

20
20
11
20
20
20
20
20
20
20
20
20
20
20
20
20
20




APPENDIX 10.1

Distribution of Scores Within Each Item for Videotape B

(N = 20 Raters)

ITEM TIME 1 SCORE TIME 2 SCORE
0 1a 1b lc 2 3 |0 1a 1b Ic 2 3)

Upper Extremity:

1. 3 13 1 3 | 6 9 1 4

2. 14 6 | 12 8

1. 3 7 10 | 4 8 8

12. 20 | 20

13. 20 | 20

14. 20 | 20

15. 20 | 20

16. 20 | 20

17. 20 |1 18 1

18. 17 3 | 13 7

19. 19 1 | 20

200 20 | 20

2. 20 | 20

Lower Extremity:

3. 20 | 20

4. 16 4 | 16 3 |

6. 20 i 19 1

22. 1 1 16 2 | 4 2 12 2

23, 14 2 3 1 | 9 8 | 2

24, 6 6 | 9 6 5

25. 20 | 20

2. 5 13 2 | 9 1l

27. 1 18 i | 1 17 2

31 1 2 12 5 | 2 3 2 6 7

32. 10 10 | 10 10

33, 20 | 20

Basic Mobility:

5. 19 1| 1 17 1 ]

7. 4 16 | | 19

8. 2 18 | 20

9, 10 3 37 | 12 5 3

10. 20 | 20

28. 20 | 1 19

29. 15 5 | 1 9

30. 1 11 1 7 | 1 2 12 5

34, 1 19 | 19 1

35. 18 2 | 14 6

36. 20 | 18 2

37. 1 18 1 | 17 3

38. 3 17 | 19 1

39. 15 4 1| 15 5

40, 15 4 1| 15 5

41. 20 | 19 1

42. 2 18 | 20

43, 1

19 | 1 19
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APPENDIX 10.1
Distribution of Scores Within Each Item for Videotape C
(N = 20 Raters)

ITEM TIME 1| SCORE TIME 2 SCORE
0 1a 1b 1c 2 3 |0 1a b Ic 2 (3)

Upper Extremity:

1. 20 | 15 2 3

2. 1 17 2 | 15

1. 10 7 2 1 | 8 6 5 1

12. 20 | 1 18

13. 3 17 | 1 19

14. 2 18 | 2 18

15. 1 19 | 2 18

16. 3 17 | 20

17, 1 19 | 20

18. 14 6 | 12 2 S 1

19 18 2 | 16 4

20. 5 15 | § 15

21. 19 1 | 20

Lower Extremity:

3 1 19 | 20

4, 1 19 | 20

6. 1 18 1 | 1 14 5

22. 1 1 14 4 | 9 1

23. 1 9 | 6 13 1

24, 6 5 5 4 | 7 5 5 3

25. 1 5 1 3 | 5 ] 1 3

26. 13 4 2 ! | 7 5 3 5

27. 13 7 | 1 9

3. S 15 | 1 17 i |

2. 17 3 | 1 10 7 2

3. 4 13 3 | 1 12 7

Basic Mobility:

5. 13 7 | 10 2 8

7. 2 3 1 14 | 2 | 17

8. 20 | 1 1 18

9, 1 7 2 | 8 1 4 5 2

10. 20 | 20

28, 1 19 | 20

29. 9 11 | 6 13 1

30. 10 10 | 2 18

34, 9 2 6 3 | 6 4 2 8

35, 17 3 | 14 6

36. 3 1 16 | 2 2 12 4

37. 19 1 | i 12 7

38. 1 17 2 | 1 14 5

29, 17 3 | 13 7

40. 18 2 | 13 7

41. 20 | 19 1

42. 12 8 [ 10 3 4 3

43, 14 6 | 9 4 4 3
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APPENDIX 10.1
Distribution of Scores Within Each Item for Videotape D
(N = 20 Raters)

ITEM TIME | SCORE TIME2 SCORE

0 1a 1b 1c 2 3 |o 1a 1b 1c 2 3
Upper Extremity:
1. 13 7 | 6 13 1
2. 1 16 3 | 1 12 7
1. 15 2 3 | 12 5 3
12. 6 14 | 4 16
13. 5 15 | 5 15
4. 6 14 | 4 16
15. 5 15 |3 17
6. z 18 | 19 1
17. 4 16 | 3 17
18. 7 12 1 | 3 15 2
19. 16 4 [ 10 10 |
20. 19 1 | 2 '8 |
21, 20 | 19 !
Lower Extremity:
3 1 19 | 1 19
4. 18 2 | 13 2 2 3
6. 6 4 8 2 | 6 1 3
22. 18 2 | 14 3 i
23. 19 ! | 1 15 3 |
24. 6 14 | 4 15 |
25. 5 15 | 3 15 2
26. 19 1 | 17 3
27. 2 16 2 | 2 16 2
3. 9 1 | 6 13 I
2. 19 1 | 14 6
33. 20 | 20
Basic Mobility:
5. 2 18 [ 20
7. 1 2 6 1 | | 3 1 15
8. 3 7 10 | 8 12
9. 17 2 1 | 17 1 | 1
10. 20 | 20
28, 20 | 20
29. 11 9 | 5 15
30. 1 13 | 1 19
34. 18 1 | 18 1 i
35. 17 3 | 1 12 6 1
36. 20 | 18 1 1
37. 19 1 | 19 1
38, 17 2 1 | 18 2
39. 19 1 | 18 I 1
40. 20 | 18 1 1
41, 20 | 20
42. 20 | 20
43. 20 | 20
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Di«tribution of Agreement for Twenty Raters Scoring Tape A on Two Occasions

ltem Perfect Disagreement by:
Agreement One Category Two Categories

0.0 2,2 0,t 1,2 0.2
Upper Extremity:
| 2 10 3 0 5 0
2 0 4 9 0 7 0
B 0 0 15 0 5 0
12 0 19 1 O 0 0
13 0 18 1 0 { 0
(K] 0 15 2 0 3 0
17 0 19 l 0 0 0
18 0 14 4 0 2 0
19 0 8 4 §] 8 0
20 0 17 2 0 ] Q
TOTAL: 2 1 42 32 0 200

84.0 % 16.0 %
Lower Extremity:
4 0 0 20 0 0 0
22 0 0 20 0 0 0
23 0 20 o Q 0
24 0 0 20 0 0 0
25 0 2 15 0 3 0
26 0 0 20 0 0 0
27 0 0 20 QO 0 0
k]| 0 0 19 0 1 0
32 0 0 19 0 | 0
33 0 | 17 0 2 0
TOTAL: @ 3 190 0 7 0 200
96.5 "¢ 15 %
ltem Perfect Disagreement by:
Agreement One Category Two Categories

006 1,1 22 33 0.1 1,2 23 0,2 1,3
Basic Mobhility:
8 0 i1 0 2 0 0 0 0 7
8 0 0 0 20 0 0 0 0 0
9 0 6 | 9 0 0 0 0 4
29 0 0 0 20 0 0 0 0 0
30 0 0 0 20 0 0 0 0 0
M 0 0 0 20 0 0 0 0 0
36 0 1 0 19 0 0 0 0 0
18 0 0 0 20 0 0 0 0 0
41 0 0 0 20 0 0 0 0 0
43 0 Q 0 20 0 0 0 0 0
TOTAL: 0 18 | 170 0 0 0 0 11 200

94.5 % 0 % §.58%

Note: only the agreement on the 30 items that were retamed (out of 43) 1s presented.
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‘ APPENDIX 10.1 (cont)

Distribution of Agreement for Twenty Raters Scoring Tape B on Two Occasions

Item Perfect Disagreement by: e
Agreement One Categors Two Categorie
0.0 1.1 22 0.1 1.2 0.2
Upper Extremity:
1 0 10 3 0 1 O
2 0 12 6 0 2 Q
11 2 15 0 3 N 0
12 20 0 0 0 0 0
13 20 0 0 0 0 0
15 20 0 0 0 0 0
17, 0 19 0 1 0 0
18 11 i \ 8 0 §)
19 19 0 0 1 0 0
20 20 0 Q 0 0 0
TOTAL 112 G3 9 13 3 9 200
92.0 % 8.0 % o
Lower Extremity:
4 13 1 0 6 0 0
22 0 17 1 Q 2 O
23 0 18 1 0 | 0
24 0 20 0 0 Q0 0
‘ 25 20 0 0 0 0 0
26 3 9 0 8 0 0
27 0 18 0 2 0 QO
31 0 10 3 | 5 i
32 7 7 0 0 6 0
33 20 0 0 0 0 (§] ~
TOTAL 63 100 S 17 14 A 200
84.0 % 158,58 ¢ 0.5%
Item Perfect Disagreement by; e
Agreement One Category Two Categorie
00 1,1 2.2 33 01 1,2 2,3 0,2 1,3
Basic Mohility:
s 0 17 0 0 0 1 0 0 2
8 0 0 0 18 G 0 0 0 ?
9 0 10 2 2 0 0 4 0 ?
29 0 1 5 0 0 4 0 O 0
30 0 9 0 3 0 | 0 0 {
34 0 19 0 0 0 | 0 0 0
36 0 1 0 19 Q 0 0 0 0
38 0 19 0 0 0 1 0 0 0
41 0 19 0 0 0 I 0 0 0
43 0 20 0 0 0 0 0 0 0
TOTAL 0___ 128 7 42 0 2 4 0 13 200
% 6.5 %

l 87.0 % 6.5

Note: only the agreement on the 30 items that were retamed (out of 43) 1s presented
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Distribution of Agreement for Twenty Raters Scoring Tape C on Two Occasions

Item Perfect Disagreement by:
Agreement One Category Twao Categories
0.0 1 2,2 0,1 1.2 0,2
Upper Extremity:
1 15 0 0 S 0 0
2 0 4 1 0 5 0
] S 6 0 8 l 0
12 0 8 0 1 i 0
13 0 16 0 4 0 0
18 | 18 0 1 0 0
17, 0 19 0 1 0 0
18 (4] 19 0 0 ] 0
19 15 | 0 4 0 0
20 2 12 0 6 0 0
TOTAL 38 123 1 30 8 0 200
81.0 % 19.0 %
Lower Extremity:
4 0 0 19 0 1 0
22 0 7 2 0 1 0
23 0 19 0 0 1 0
24 0 14 1 0 5 0
28 0 15 I 0 4 0
26 0 15 | 0 4 0
27 0 20 0 0 0 0
3 1 1§ 0 4 0 0
32 Q 19 0 1 0 0
R} 0 15 0 5 0 ¢
TOTAL 1 139 24 10 26 0 200
2.0 18.0 %
ltem Perfect Disagreement hy:
Agreement One Category Two Categories
00 1,1 2,2 33 0,1 1,2 2.3 0.2 1,3
Basic Mobility:
s 0 8 0 5 0 2 0 0 5
8 0 0 0 18 0 0 1 0 1
9 0 13 2 0 0 3 0 0 2
29 0 6 10 0 0 3 i 0 0
30 0 2 0 10 0 0 0 0 8
M 0 11 2 0 0 7 0 0 0
36 0 16 0 0 0 4 0 0 0
38 Q 14 i ¢ 0 5 0 0 0
41 0 10 0 ¢ 0 1 0 0 0
43 0 17 0 0 0 3 0 0 0
TOTAL: 0___ 196 15 33 0 28 2 1 200
77.0 % 15.0 % 8.0 %

Note: only the agreement on the 30 items that were retamed (out of 43) 15 presented.
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Distribution of Agreement for Twenty Raters Scoring Tape D on Two Occasions

Item Perfect Disagreement by:
Agreement One Category Two Categories
0,0 1,1 2,2 0,1 1,2 0,2
Upper Extremity:
i 0 19 0 0 1 4]
2 0 12 2 0 6 0
11 10 3 0 7 0 0
12 4 14 0 2 0 0
13 5 15 0 0 0 0
15 2 14 0 4 0 0
17. 2 15 0 3 0 0
18 3 13 0 4 Q 0
19 8 2 0 10 0 [\
20 0 I8 0 2 0 0 L
TOTAL 234 128 2 32 7 0 200
80.5 % 19.5 %
Lower Extremity:
4 0 17 0 0 3 0
22 0 19 0 0 ] 0
23 0 19 0 | 0 Q0
24 2 12 0 6 0 4]
28 2 14 0 4 0 0
26 16 0 0 4 0 0
27 1 17 0 2 0 0
31 5 10 0 5 0 0
32 13 0 0 7 0 0
3 20 0 0 0 0 0
TOTAL 59 108 0 29 4 0 200
83.5 % 16.5 G
Item Perfect Disagreement by:
Agreement One Category Two Categories
00 1,1 22 33 0,1 1,2 2,3 0,2 1,3
Basic Mobhility:
5 0 20 0 0 0 0 0 0 0
8 0 7 0 9 0 0 0 0 4
9 0 18 0 0 0 2 0 0 0
29 0 5 9 0 0 6 0 0 0
30 0 0 0 12 0 0 ] 0 7
M4 0 19 0 0 0 | 0 0 0
36 0 19 0 0 0 1 0 0 0
Kt} 0 18 0 0 0 2 0 0 0
41 0 20 0 0 0 0 0 0 0
43 0 20 0 0 0 0 0 0 0
TOTAL 0 __ 146 9 21 0 12 1 0 A 200
88.0 % 6.5% S§5%

Note: only the agreement on the 30 items that were retained (out of 43) 14 presented




190

APPENDIX 10.1 (CONT)

Distribution of Agreement on the Qualitative Divisions Within Category '1'
for Twenty Raters Scoring Tape A

Item Perfect Agreement Disagreement
1a 1h Ic lath 1h Ic la ¢ N#
Upper Extremity:
1 10 10
2 2 1 1 4
1§ 0
12
13
15
17.
18
19
20 3

—_— 00 W ~Q W

2
8
0
3
i
2

N O N
—_ e N
=]

‘>
—
~

TOTAL 25 36 41 11 1. 2 122
83.6 %

-]
[—}
N
7
G
N
)
()]
N

Lower Extremity:
4

22

2}

24

28 2
26

27

M

32

33

YWi_mocooocomvwoooo

I.__
=]
(]

TOTAL: @ 2 0

[=a)
(=)
<
N
u
‘>
o
N

Basic Mobility:

§ 11
8

9 )
29

30

K

36 l
a8

41

43

—
——

cCoo_ o000 ®

TOTAL: 0 0 18 0 0 0 18
100 %

Note: only the agreement on the 30 items that were retaied (out of 43) 1s presented.
* The number of raters (out of 20) scoring '1' on both occasions.



APPENDIX 10.1 (cont)

Distribution of Agreement on the Qualitative Divisions Within Category 'l'

for Twenty Raters Scoring Tape B

Item Perfect Agreement Disagreement
1a Ih Ie lalb 1h ¢ Ia l¢ N*

Upper Extremity:
1 3 9 1 3 16
2 4 6 4 4
11 0
12 0
13 I\
15 0
17 18 1 19
18 1 !
19 0
20 0
TOTAL 26 15 1 8 0 0 50

84.0 % 16.0 %
Lower Extremity:
4 1 1
22 10 1 2 4 17
23 7 1 7 ] 2 18
24 4 3 3 5 1 4 20
25 0
26 7 2 9
27 15 3 18
3i i | 6 i ! 10
32 7 7
33 0
TOTAL 41 S 19 20 4 AL 100

65.0 % 20.0 % 4.0 11.0 %
Basic Mobility:
5 16 16
8 0
9 10 10
29 11 11
30 8 i 9
3 18 1 19
36 18 18
a8 16 3 19
41 19 19
43 18 | | 20
TOTAL: 0 134 0 - £ 141

95.0 % 0.7 % 4.3 %

Note: only the agreement on the 30 items that were retamed (out of 43) 15 presented.
* The number of raters (out of 20) sconng ‘1" on both occasions,
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. APPENDIX 10.1 (cont)

Distribution of Agreement on the Qualitative Divisions Within Category 'l'
for Twenty Raters Scoring Tape C

Item Perfect Agreement ___ Disagreement
Ia 1h Ic lath 1h I¢ la 1c N#
Upper Extremity:
1 0
2 13 1 14
1t 1 ! 4 6
12 18 18
13 10 16
IS 18 18
17 19 19
18 12 5 2 19
19 0
20 0
TOTAL 84 1 18 K 0 1 110
93.6 % 5.5% 0.9 %
Lower Extremity:
4 0
22 0 | 7
. 23 4 7 8 19
A 4 2 1 2 3 2 14
25 5 5 4 1 15
26 0 3 1 3 2 15
27 8 4 8 20
K]] 13 1 1 15
32 9 2 7 2 20
RA) 8 ] 6 15
TOTAL 57 _ 24 8 39 - 1. 140
63.6 % 279 % 3.6 % 5.0 %
Basic Mobility:
8 8 8
8 0
9 4 8 1 13
29 J 6
30 2 2
34 6 1 2 2 11
36 2 1 12 1 16
38 1 13 14
41 19 19
43 8 4 4 1 17
TOTAL: 20 3 74 8 0 1 106
91.5 % 7.5 % 0.9%
. Note: only the agreement on the 30 items that were retained (out of 43) 1s presented.
* The number ot raters (out of 20) scoring '1' on bhoth occasions.
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APPENDIX 10.1 (cont)

Distribution of Agreement on the Qualitative Divisions Within Category '1'
for Twenty Raters Scoring Tape D

Item Perfect Agreement Disagreement

la 1h Ic lalb b I¢ Ta ¢ N#
Upper Extremity:
1 3 10 6 10
2 1 i1 12
11 1 2 3
12 14 14
13 15 is
15 14 14
17 iS5 (]
18 12 1 [R]
19 2 2
20 17 i 1R
TOTAL 94 11 1i 9 0 0 125

92.8 % 7.2 %
Lower Extremity:
4 13 2 2 17
22 14 2 3 D]
23 15 | 3 19
24 12 2
28 12 2 14
26 0
27 i3 4 17
31 10 10
32 0
33 0
TOTAL 89 S 14 0 0 108
87.0 % 13.0 %
Basic Mobility:
5 18 2 20
8 b 2 7
9 16 | 1 3]
29 5 5
30 0
34 17 1 1 19
36 18 ! 19
38 16 2 I8
41 20 20
43 20 20
TOTAL 87 6 44 _6 0 3 146
93.8 % 4.1% 21 %

Note: only the agreement on the 30 items that were retaimed (out of 43) 15 presented
* The number of raters (out of 20) scoring '1' on both occasions,




APPENDIX 10.2
Videotaped Assessments Reliability Study:
Comparison of the Two Ratings on STREAM Upper Extremity Subscales

TAPE A TAPE B
20 20
15 -
&
£ 1o z
10 =
a “8,10
]
4
L \
o ——— e+

™t T + 3 3 - I + - 3 $ i 4 & +
o Y T 4 1 T T T ¥

Raters (n=20)

Raters (n=20)

TAPE C TAPE D
20 20
hed 15
§‘° ( §1o )
y-
s 51
o + - ettt o '

Raters (n=20) Raters (n=20)

Key: [0 Time1 A Time 2

Note: GCC for upper extremity = .963 (model = subjects and occasions fixed, raters random)

rel1



APPENDIX 10.2
Videotaped Assessments Reliability Study:

Comparison of the Two Ratings on STREAM Lower Extremity Subscales

TAPE A TAPE B

PP U G I G G SEP— . 20

”‘N*'\/-W-=*

13

510 510

18

o b—b—r—t——tt— - L e e o R e e S S —t-
Raters (n=20) Raters (n=20)
TAPE C TAPE D
20 26
15 kg4
>
s 4 -
:§"10 z : §1o
[7-]
4
>
S s
4
[
O ~r- Tt et it 0 b S e S s A S A s -
Raters (n=20) Raters (n=20)

Key: O Time1 A Time2

Note: GCC for lower extremity = .999 (model = subjects and occasions fixed, raters random)

$61




APPENDIX 10.2
Videotaped Assessments Reliability Study:
Comparison of the Two Ratings on STREAM Basic Mobility Subscales

TAPE A TAPE B

v

3 n : " 4
I 4 3 FUY It 3
s + $ - + $ o $ $ $ + b dereech +4 e S i 4

Raters (n=20)

TAPE C TAPE D
30 30
25 25
20 20
£ 515
L
10 1049
5 S

Raters (n=20) Raters (n=20)

Key: [0 Time1 A Time?2

Note: GCC for basic mobility = .999 (model = subjects and occasions fixed, raters random)

.y

961




APPENDIX 10.3

Assessment of Tape A by Twenty Raters on Two Occasions

Rater Time One Score Time Two Score
U/E L/E  Mobility TOTAL U/E L/E  Mobility TOTAL
1. 11 18 26 55 12 18 26 56
2. 11 18 26 56 13 20 30 63
3. 11 19 26 56 12 1S 26 57
4, 13 19 24 57 13 20 24 57
5. 11 20 26 57 12 20 28 60
6. 12 20 26 58 10 20 28 58
7 12 20 28 58 11 20 30 6l
8 13 18 27 59 15 20 29 64
9, 11 19 28 59 12 20 30 62
10. 14 20 26 60 13 20 26 59
11. 12 20 28 60 15 20 28 63
12. i4 20 26 60 13 19 26 58
13. 13 20 28 60 14 20 30 64
14. 11 19 30 60 13 20 28 6l
15. 13 19 28 61 10 20 28 58
16. 14 20 28 62 14 20 28 62
17. 14 20 28 62 12 20 26 58
18. 13 20 30 63 12 20 30 62
19. 17 20 28 65 17 20 26 63
20. 15 20 30 65 14 20 30 64

Note:  scores are tor 30 item STREAM; maximum total STREAM score 15 70
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APPENDIX 10.3 (cont)

Assessment of Tape B by Twenty Raters on Two Occasions

Rater Time One Score Time Two Score
U/E L/E Mobility TOTAL U/E L/E Mobility TOTAL

1. 4 6 12 22 4 5 16 25
2. 3 7 12 22 4 7 15 26
3. 6 4 13 23 3 6 16 25
4, 4 7 12 23 4 7 12 23
5. 3 8 12 23 5 5 12 22
6. 5 5 14 24 5 8 16 29
7. 4 6 14 24 5 7 12 24
8. 5 7 12 24 6 6 12 24
9, 4 8 12 24 4 6 i2 22
10. 4 7 13 24 3 6 20 29
11. 5 7 12 24 5 7 13 25
2. 5§ 8 12 25 5 7 12 24
13. 4 7 14 25 5 7 12 24
14, 5 7 13 25 5 7 13 25
15. § 8 12 25 7 6 14 27
16. 5 7 15 27 5 7 13 25
17. 5§ 6 16 27 4 7 13 24
18. 4 8 16 28 4 8 17 29
19. 5 7 17 29 6 7 16 29
20, 5 6 19 30 5 7 17 29

Note: scores are tor 30 stem STREAM; maximum total STREAM score 1s 70.




APPENDIX 10.3 (cont)

Assessment of Tape C by Twenty Raters on Two Qccasions

Rater Time One Score Time Two Score
U/E L/E Mobility TOTAL U/E L/E  Mobility TOTAL

1. 7 9 12 28 9 11 17 RYj
2. 6 11 12 29 8 1 14 33
3. 4 8 17 29 8 11 16 35
4. 7 9 15 31 9 10 19 a8
5. 6 1?2 13 3l 8 12 17 RY)
6.. 8 11 12 3 8 13 14 35
7. 8 11 12 31 10 14 15 39
8. 8 11 12 31 6 12 17 35
9, 7 11 14 32 7 14 18 39
10. 8 i1 13 32 9 12 18 39
11. 8 10 15 33 7 13 17 37
12. 6 12 16 34 7 13 17 37
13. 6 11 17 34 7 11 18 36
14, 8 12 15 35 8 11 14 3
1§. 8 12 15 35 6 12 20 38
16. 7 13 15 35 9 14 14 37
17. 8 12 15 35 8 il 16 35
18. 5§ 13 17 35 8 12 19 39
19. 9 12 15 36 9 12 15 36
20. 10 11 20 41 9 11 21 41

Note:  scores are for 30 stem STREAM; maximum total STREAM score 18 70
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APPENDIX 10.3 (cont)
Assessment of Tape D by Twenty Raters on Two Occasions
Rater Time One Score Time Two Score
U/E  L/E  Mobility TOTAL U/E L/E__ Mobility TOTAL

1. 5 3 13 21 9 4 14 27
2. 6 4 12 22 6 3 12 21
3. 5 5 13 23 7 7 13 27
4. 8 5 10 23 9 5 12 26
5. 7 7 10 24 9 8 13 30
6. 6 7 12 25 9 8 15 32
7. 8 4 13 25 7 7 13 27
8. 8 7 10 25 9 7 13 29
9. 5 7 13 25 6 7 13 26
10. 6 5 15 26 7 7 15 29
1. 6 8 12 26 10 7 16 33
12. 7 5 14 26 6 8 14 28
13. 8 5 14 27 9 7 15 31
14, 8 7 12 27 10 7 12 29
15, 7 7 13 27 5 7 16 28
16. 8 6 15 29 8 10 16 34
17. 10 7 12 29 11 8 15 34
18. 9 6 15 30 10 6 15 3
9. 9 7 15 31 9 8 16 33
20. 9 8 14 31 10 6 14 30

Note:  scores are tor 30 tem STREAM; maximum total STREAM score 1s 70
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APPENDIX 10.4
Summary of Signed Ranks for Items
for Twenty Raters Scoring Four Videotapes on Two Occasions

Item Signed Rank (P)
Number TAPE A TAPE B TAPE C TAPE D
Upper Extremity Subscale:
1 -7.5( 053) -0.5 (1.00) -1.5 (.003) 05 (1 00
2 2 (1 00y -1.5 (.500) -4.5 (.375) T (219)
1 4.5 (.375) 1 (1.00) -75 ( 508) -0 (45)
12 --- --- 0 (1 00y -1 S ( S00)
13 05 (1.00) .- -2.5 (.625)
15 -1 (1.00) --- 0.5 (1.00) =28 (.025)
17 0.5 (1 00) 0.5 (1.00) A (o
18 -1.5 (.500) -9 (.289) 0.5 (1.00) S (129)
19 4.5 (.727) 0.5 (1.00) -25 (.625) 165 (L10%
20 0.5 (1.00) 0 (100 15 (500
Lower Extremity Suhscale:
4 --- - -0.5 (1.00 3 (250
22 0 (1.00) 221 (.0065) 05 (100)
23 - -0.5 (1.00) 085 (10 08 (1.0
24 -- - 1.5 (100 -315 ( 6RR)
25 -3 (.250) 0 (100 25 (625)
26 9 (.289) S (1295) 225 ( 625)
27 -- 0 (1 00) 0 (1 00)
31 -0.5 (1 00) 0 (1.00) -5 (128 45 (379
32 05 (100) 0 (1.00) 05 (1.00) A0 (L125)
33 0.0 (1 00) 45 (.375)
Basic Mobility Subscale:
s -10 (125) -0.5 (1.00) -4 (531) -
8 - -8 (.500) 1.5 ( 500) 2.5 (625)
9 00 (1.00) 8  (.156) 1.5 ( 063) 0 (1 00)
29 -5 (.125) -5 (.125) 105 (031
30 3 (127 <18 ( 008 A3 0T
M e -0.5 (1.00) 10 (L 125) 0.5 (1.00)
36 --- -1.5 (500} S5 (125) 05 (100
a8 -0.5 (1 00) -4.5 (.375) LS (.500)
41 -0.5 (1.00) 05 (1 00)
43 --- --- -3 (.250) -






